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[bookmark: _Toc454521384]1. INTRODUCTION
Agriculture is the leading sector in the regional economy of Oromia. The predominant agricultural system is based on small holder production and the crop production is entirely dependent on rain fed agriculture with limited areas currently developed under irrigation. The natural supply of water to the agricultural land for crop production purpose is usually received from natural sources such as precipitation/rain, other atmospheric water, ground water and flood water.
But the amount, frequency and distribution of rainfall, which is the principal source of water for crop production, is becoming more unpredictable and inadequate. Furthermore, the rainfall nature may be insufficient and untimely and the groundwater may be too deep in the soil profile beyond the active root zone, which is unavailable to the plant roots. In areas that face such problem, successful crop production is only possible with support of irrigation.
The development of irrigation and agricultural water management holds significant potential to improve productivity and reduce vulnerability to climactic volatility in any country. Although Oromia has abundant rainfall and water resources, its agricultural system does not yet fully benefit from the technologies of water management and irrigation. Improved water management for agriculture has many potential benefits in efforts to reduce vulnerability and improve productivity. Specifically, primary rationales for developing the irrigation sector include: Increased productivity of land and labor, which is especially pertinent given future constraints from population growth, reduced reliance on rainfall thereby mitigating vulnerability to variability in rainfall, reduced degradation of natural resources, increased exports, increased job opportunities, and promotion of a dynamic economy with rural entrepreneurship.
Irrigation is the artificial exploitation and distribution of water at project level aiming at application of water at field level to agricultural crops in dry areas or in periods of scarce rainfall to assure or improve crop production. An adequate water supply is important for plant growth. When rainfall is not sufficient, the plants must receive additional water from irrigation. Various methods can be used to supply irrigation water to the plants. Each method has its advantages and disadvantages. These should be taken into account when choosing the method which is best suited to the local circumstances. 

Irrigation is the key input in crop production. Full benefit of crop production technologies such as high yielding varieties, fertilizer use, multiple cropping, crop culture and plant protection measures can be derived only when adequate supply of water is assured. On the other hand optimum benefit from irrigation is obtained only when other crop production inputs are provided and technologies applied. It is through irrigation and integrated crop development that sustainable crop production can be ensured. 
In this view, the feasibility study of Aleltu Negade Small Scale Irrigation Development Project was carried out in Wayu Tuka Woreda, Gute badiya and Gida Abalo  kebeles to develop a net command area of 74.0 ha. The beneficiaries of the proposed project are about 1597 households (H.H). 
[bookmark: _Toc400608757][bookmark: _Toc403465199][bookmark: _Toc454521385]2. OBJECTIVES 
[bookmark: _Toc400608758][bookmark: _Toc403465200][bookmark: _Toc454521386]2.1 General Objective
The general objective is to increase the productivity and production of the proposed command area 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.
[bookmark: _Toc400608759][bookmark: _Toc403465201][bookmark: _Toc454521387]2.2 Specific Objectives
The specific objectives of agronomy feasibility study include 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.
· Analysis of crop water requirements and irrigation scheduling of the proposed crops by taking into consideration climate, soil and crop characteristics.  
[bookmark: _Toc400608760][bookmark: _Toc403465202][bookmark: _Toc454521388]
3. METHODOLOGY
In order to undertake the irrigation agronomy study of this particular irrigation project, both primary and secondary data were collected. Accordingly,
· Major relevant studied documents were collected and reviewed,
· Checklists/Questioners were prepared to collect necessary information from woreda, kebele and command area,
· Field observation was performed to identify the land use patterns, cropping pattern and agronomic practices of the project area,
· Full level consultations were undertaken with Woreda agriculture extension workers and kebele level development agents,
· The necessary meteorology data representing the project area were collected from the nearby station,
· [bookmark: _Toc379991537]Data processing and computation of crop water requirement was undertaken by modified Pen man-Monteith method using Cropwat 8.0 software.
[bookmark: _Toc400608761][bookmark: _Toc403465203][bookmark: _Toc454521389]4. DESCRIPTION OF THE STUDY AREA
[bookmark: _Toc400608762][bookmark: _Toc403465204][bookmark: _Toc454521390]4.1 Location and Accessibility
Aleltu Negade Small Scale Irrigation Project is located in Oromia regional State, East Wollegga Zone, Wayu Tuka woreda, in Gute badiya and Gida Abalo kebeles.  It is situated in the south western direction at 7 km gravel road newly constructed by URAP from Gute town, the capital of the woreda, where the Gute town is located at 300 km from Finfinne on the main asphalt road Finifinne to Nekemte, and 12 km from Nekemte, the capital of the zone.   
[bookmark: _Toc400608765][bookmark: _Toc403465205]The elevation of the command area extends from 1898-1925 m.a.s.l. The project covers 74.0 hectares of net irrigable land in two Kebeles. The area is located along the asphalt road leading from Finfinne to Nekemte, and the junction is at Gute town, which is dry weather road and it is accessible only during dry seasons.



[bookmark: _Toc454521391]4.2 Agro-ecology
[bookmark: _Ref243722721][bookmark: _Toc217286643][bookmark: _Toc217364815][bookmark: _Toc249272417][bookmark: _Toc249348602][bookmark: _Toc276377293]Based on the thermal zone (i.e. altitude and temperature), the agro-ecological classification of the proposed project area is classified as Weina Dega (sub tropical humid). The major crops produced in this agro-ecology are maize, sorghum, rice, millet, soybeans, sesame, linseeds, cotton, peppers, tomatoes, onions, fruits (mango, bananas). The Agro-climatic Distribution and Crop Patterns in the Oromia Region are depicted on the table below.

[bookmark: _Toc397585825][bookmark: _Toc400608766][bookmark: _Toc403465046][bookmark: _Toc422771433][bookmark: _Toc454521470]Table 1: Agro-climatic Distribution and Crop Patterns in the Region

	Agro-climatic zone
	Altitude , m a.s.l
	Area %
	Max-temperature 0C
	Crops

	Wurch
	Above 3,000
	0.9
	Less than 7.5
	Barley

	Dega (Highland)
	2,500 – 3,500
	11.8
	7.5-22
	Barley, wheat,  teff, faba beans, field peas, chickpeas, lentils, potatoes, rapeseeds,  noug, fruits (apples), garlic, onions

	Weina Dega (Mid Altitude)
	1,500-2,500
	36.6
	22-27.5
	Teff, maize, sorghum, millet, haricot beans, chickpeas, groundnuts, potatoes, sweet potatoes, lentils, soybean, noug, linseed, peppers, tomatoes, fruits (avocado, guava, citrus, bananas )

	Kolla
(Low land)
	Below 1,500
	50.7
	22-30 (more)
	Maize, sorghum, rice, millet, soybeans, sesame, linseeds, cotton, peppers, tomatoes, onions, fruits (mango, bananas)


   Source: Anger Dam Feasibility Study, 2011.



[bookmark: _Toc454521392]4.2.1 Length of growing period
 It is defined as “the total number of days per annum with sufficient available moisture for crop growth” the growing period analysis is based on a simple water balance, using rainfall, potential evapo-transpiration and soil moisture storage capacity. The length of growing period could give a highlight about the potential crops and varieties to be considered to develop crop basket for the given area. Further the main constraints related to the agricultural development could be identified that can indicate the area that need more attention and intensive data assessments. 
Length of Growing Period in and around the project area is depicted as follows in Fig.2 and full irrigation is proposed starting from Mid November (dry period) and supplementary irrigation (wet season cropping) is proposed starting from April up to mid November. The lengths of the growing period in the project are depicted on the graph as follows.
[bookmark: _Toc397585997][bookmark: _Toc400608767][bookmark: _Toc403465197][bookmark: _Toc454521503]Figure 1 Length of Growing Period in and around the project area
[bookmark: _Toc400608768]
[image: ]
[bookmark: _Toc422771435][bookmark: _Toc400608769]      Source: Adapted from FAO, New LocClim (Local Climate Information) of Local Growing Season (Nekemte station)

[bookmark: _Toc403465206][bookmark: _Toc454521393]4.3 Climate
Climate is one of the components of an environment that determines formation and characteristics of natural vegetation, soil formation and farming systems of a particular area. Based on the climatic factors, the length of the growing period (LGP) for the crops produced in the study area will be described. Climate and soils gives information on the types of climate and soil that are best suited to the crop under consideration.



The climate in the project area is characterized by a distinct rainy season between beginning May and end October and a dry season between beginning November and mid April. Monthly average maximum and mimimum temperatures are estimated as 27.9 0C and 12.1 0C, respectively. The climatic data of the project area is depicted on the table below.
[bookmark: _Toc403465047][bookmark: _Toc454521471]Table 2:  Climatic data at Nekemte Metrological station
	Parameter 
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Average

	TMPMIN (oC)
	12.3
	13.4
	14.2
	14.4
	13.8
	12.9
	12.7
	12.8
	12.8
	12.9
	12.7
	12.1
	13.1

	TMPMAX(oC)
	26.1
	27.9
	27.9
	27.1
	24.7
	22.4
	20.9
	21.0
	22.5
	23.9
	24.4
	25.1
	24.5

	RELHUM (%)
	55
	48
	52
	60
	73
	85
	89
	89
	86
	76
	69
	61
	70

	Wind (m/sec)
	4.39
	4.79
	5.33
	4.9
	3.85
	3.46
	4.28
	3.38
	3.53
	4.79
	4.61
	4.46
	4.39

	Sunshine (hr)
	8.5
	8.5
	7.9
	7.5
	7.1
	5.2
	3.2
	3.2
	4.7
	7.1
	8.0
	8.6
	6.6

	Rain fall (mm)
	11.6
	11.7
	46.9
	95.9
	272.7
	396.2
	389.9
	381.9
	291.3
	155.9
	50.7
	16.0
	2120.6



[bookmark: _Toc400608770][bookmark: _Toc403465207][bookmark: _Toc454521394]4.3.1 Rainfall
The rainfall pattern of the study area is uni-modal. The long term annual rainfall of the study area is about 2120.7 mm. The rainfall distribution and amounts vary from year to year.  The moist months of the project area are mid April to beginning May and end October to beginning November and the dry months are from beginning November to mid April. The rest months from beg May to end October are humid period / growing seasons. The rainfall of the project area is shown on the table as follows.

[bookmark: _Toc422771438][bookmark: _Toc454521472]Table 3: Rainfall data at Nekemte Metrological station

	[bookmark: _Toc400608771]Parameter  
	
Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total

	Rainfall (mm)
	11.6
	11.7
	46.9
	95.9
	272.7
	396.2
	389.9
	381.9
	291.3
	155.9
	50.7
	16.0
	2120.7


[bookmark: _Toc403465208]
             
[bookmark: _Toc422771439][bookmark: _Toc422963499][bookmark: _Toc454521504]            Figure 2 Mean monthly rainfall
[bookmark: _Toc454521395]4.3.2 Temperature
Temperature is one of the dominant climatic elements, which determines the distribution of vegetation, soil and farming system of a certain area. The temperature is inversely related to the altitude in most cases. This creates variation in crop types as indicated in Table 1.
The mean maximum temperature in the area is recorded in the month of February and March and the highest mean minimum in the month of April. The mean maximum temperature ranges between 20.9 0C and 27.9 0C and the mean minimum from 12.10C to 14.4 0C. The temperature of the study area is suitable  for agricultural crops proposed for irrigated agriculture.
[bookmark: _Toc422771441][bookmark: _Toc454521473]Table 4: Temperature data at Nekemte Metrological station

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

	Mean Minimum temperature (oC)
	12.3
	13.4
	14.2
	14.4
	13.8
	12.9
	12.7
	12.8
	12.8
	12.9
	12.7
	12.1
	13.1

	Mean maximum temperature (oC)
	26.1
	27.9
	27.9
	27.1
	24.7
	22.4
	20.9
	21.0
	22.5
	23.9
	24.4
	25.1
	24.5


[bookmark: _Toc400608772][bookmark: _Toc403465209]
[bookmark: _Toc422771442][bookmark: _Toc454521505]       Figure 3 Mean monthly minimum and maximum temperature
[bookmark: _Toc454521396]4.3.3. 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.
[bookmark: _Toc400608773][bookmark: _Toc403465210]The mean annual relative humidity in the study area varies from 48% in the month of February to 89 % in the months of July and August. This range of relative humidity is low during dry months of the year and high during rainy season. The rise in relative humidity favors sporadic outbreak of some crop pests and diseases.

[bookmark: _Toc422771444][bookmark: _Toc454521474]Table 5: Relative Humidity data at Nekemte Metrological station

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

	Mean RH%
	55
	48
	52
	60
	73
	85
	89
	89
	86
	76
	69
	61
	70



[bookmark: _Toc422771445][bookmark: _Toc454521506]  Figure 4 Mean monthly Relative Humidity 

[bookmark: _Toc454521397]4.3.4 Sunshine hour
Daily length/ sunshine hours and radiation are very important in photosynthetic plant growth and estimation of crop water requirement. For irrigation purpose, analysis of monthly mean of sunshine hours is crucial to investigate its effect on crops. 
 The study area experiences sunshine hours that vary from highest (8.6 hrs /day) in December to lowest (3.2 hrs /day) in July and August.  

[bookmark: _Toc422771447][bookmark: _Toc454521475]Table 6: Sunshine data at Nekemte Metrological station

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

	Sunshine hour
	8.5
	8.5
	7.9
	7.5
	7.1
	5.2
	3.2
	3.2
	4.7
	7.1
	8.0
	8.6
	6.6




[bookmark: _Toc422771448][bookmark: _Toc454521507]       Figure 5  Mean monthly sunshine hour

[bookmark: _Toc400608774][bookmark: _Toc403465211][bookmark: _Toc454521398]4.3.5 Wind speed
Wind speed has significant effect on crop performance especially in after late development stage. Occurrence of strong winds may result in lodging. In addition, crop water requirement of the crop increases in windy days than calm days. The data of wind speed was not obtained from metreological station and thus the used data is from LocClim-observation of Nekemte metreological station. Mean values of wind speed is highest in the months of March (5.33 m/sec) and the lowest mean value is in the month of August (3.38 m/sec). 
[bookmark: _Toc454521476]Table 7: Wind speed data at Nekemte Metrological station

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

	Wind speed (m/sec)
	4.39
	4.79
	5.33
	4.9
	3.85
	3.46
	4.28
	3.38
	3.53
	4.79
	4.61
	4.46
	4.32



[bookmark: _Toc422771450][bookmark: _Toc454521508]    Figure 6 Mean monthly wind speed 

[bookmark: _Toc400608775][bookmark: _Toc403465212][bookmark: _Toc454521399]4.4 Water Resource
[bookmark: _Toc379362755][bookmark: _Toc379368172]Besides flat topography and fertile soils, water resource is one of the major important requirements for irrigated agriculture. The water source for the project is Aleltu River which is perennial. The discharge (base flow) of the river is 160 lt/sec. The maximum water duty calculated for the project is 1.62 lt/sec/ha for 24 hour with 50% project efficiency. The proposed irrigation time is 16 hour per day. Thus, the water duty for 16 hour irrigation will be 2.43 l/sec/ha . Accordingly, the discharge of the river is enough for 65.8 ha of land for the proposed 16 hour irrigation time. Hence, for the rest irrigable area (8.2 ha), night storage is required to develop the total command area.
[bookmark: _Toc400608776][bookmark: _Toc403465213][bookmark: _Toc454521400]4.5 Topography 
As the soil and land suitability study reveals, the dominant landscape of the total command area) is gently undulating (2-5% slopes). It is moderately suitable for surface irrigation. Furrow irrigation is the most widely used for row crops. It is usually practiced in gently sloping land up to 3% in arid climates but restricted to 0.3% in humid areas because of the risk of erosion during intensive rainfall.
Furrows are small channels, which carry water down the land slope between the crop rows. Water infiltrates into the soil as it moves along the slope. The crop is usually grown on the ridges between the furrows. This method is suitable for all row crops and for crops that cannot 
[bookmark: _Toc400608777][bookmark: _Toc403465214]
[bookmark: _Toc454521401]4.6 Soil Suitability
[bookmark: _Toc379991538]The soil of the command area was studied by the soil expert and the result of the investigation is explained as follows.  
Topographically the site is gently undulating of slope 2-5% with residual type of soil which comes from the weathering of basalt rock. It is affected by very severe ponding during rainy season especially from the month of June up to the beginning of October.
Aleltu Nagade SSIP command area is presented both to the right and left of the river. The entire command area has two soil mapping units called soil mapping unit 1 and soil mapping unit 2.
Based on the combined field and laboratory studies made, soil unit 1 has been classified under capability class II and irrigability class II with the following characteristic.
· Loam surface texture.
· Very deep effective soil depth (>100m)
· Fine structure.
· Well drainage in dry seasons.
· No erosion problem.    
· Flat micro topography of slope 0-2%.
· Moderately acidic soil reaction of PH 5.82
· Very high total nitrogen content of 0.43%.
· Low available phosphorus of 4.76ppm
· There is no problem of ersosion.
[bookmark: _Toc422771454]The limitation of soil unit 1 is low available phosphorus.
Based on the field and laboratory studies of the soils made soil unit 2 has been classified under capability class III and irrigability class II with the following characteristics.
· Loam surface texture.
· Very deep effective soil depth (>150cm)
· Fine structure.
· Moderately well drainage class during rainy season and well drainage class during dry season 
· Gently sloping micro topography.
· Moderately acidic soil reaction of PH 5.98
· High Organic matter content and high total nitrogen content of 4.308% and  0.215% respectively 
· Medium  available phosphorus of 14.567ppm
· Exposed to flooding exceptionally when river fills up and move out of   the embankment.


The limitation of this unit is the exceptionally flooding during rainy season and medium available phosphorus.
Soil reaction (PH):- soil unit 1 has got moderately acidic soil reaction of PH 5.82. Soil unit 2 has got moderately acidic soil reaction of PH 5.98. 
Total Nitrogen:-  soil unit 1 has very high total nitrogen content  which is 0.43% and  soil unit 2 has high total nitrogen content of 0.215%.
Available phosphorus:- soil unit 1 has low available phosphorus of (4.76ppm) in its top soil. Soil unit 2 has got medium available phosphorus of (14.567ppm) in its top soil. 
Organic matter content:- Soil unit 1 has got very high organic matter content which is 8.58% and that of soil unit 2 is  high organic matter content which is 4.308%.
 Texture:- soil unit 1 has got loam to silt loam textural composition and that of soil unit 2 has got  loam  textural composition.
Effective soil depth: - Both units have got very deep effective soil depth.
[bookmark: _Toc400608778][bookmark: _Toc403465215][bookmark: _Toc454521402]5. THE PRESENT STATE OF LAND USE AND FARMING SYSTEMS 
The proposed command area of Aleltu Negede Small Scale Irrigation Development project is a cultivated land in its land use type. The command area is cultivated by both traditional irrigation (63.75ha) and some part is cultivated by rain fed agriculture (10.25).The major crop produced in the command area by traditional irrigation is maize. Potato, tomato and potato are also produced on small plots. The crop cultivated by rain fed agriculture on the proposed command area is maize.  
The crops which are produced in the woreda by rainfed agriculture are maize, teff, sorghum, wheat, barley, F/millet, oat, rice, F/bean, F/peas, noug, anchote and sweet potato. These crops are produced for both food and sale to generate cash income for the people of the area. Maize, noug, anchote and sweet potato are the main crops produced for sale to generate cash income, whereas sorghum, teff and F/millet are the crops which are considered to be the main for the food.
The farming system practiced in and around the project area is mixed farming (both crop production and animal rearing). Cereal dominant rain fed crop production is a dominant subsistence farming system in the area. Even though mixed farming is practiced, crop production is the major means of livelihood of the people of the area. The people of the area are sedentary mixed peasants. 




The household survey conducted by socio economy study indicates that 57.14% of the household’s means of livelihoods is crop production, and 40.82% is livestock and livestock products and a very few number 2.04% is petty trade.
The proposed command area is found in Wayu Tuka woreda Gute badiya and Gida Abalo  kebeles. The major land use types of the woreda are depicted on the table below. 
[bookmark: _Toc397585826][bookmark: _Toc400608779][bookmark: _Toc403465049][bookmark: _Toc422771456][bookmark: _Toc454521477]Table 8:.The major land use types of Wayu Tuka Woreda

	
No
	
Land use Types
	Area
(Ha)
	Proportion
(%)

	1
	Cultivated land
	28480
	70.4

	2
	Grazing land
	1309.91
	3.2

	3
	Forest  land 
	1500
	3.7

	4
	Land under construction (Homestead)
	901
	2.2

	5
	Unused land rock out crops
	2310
	5.7

	6
	Land under perennial crops/fruits
	351
	0.9

	7
	Land under different organizations
	217
	0.5

	8
	Others 
	5359
	13.3

	
	Total
	40427.91
	100.0


Source:  Wayu Tuka woreda Agricultural Development Office 
Cultivated land (70.4%) occupies the largest proportion of the land use types in the woreda. 
[bookmark: _Toc400608780][bookmark: _Toc403465216][bookmark: _Toc454521403]5.1 Land Tenure and Farm Size  
The ultimate ownership of land is vested upon the government and the farmers have got the legal right to use and enjoy the advantages of their holdings. The land reform policy has however, made a provision for individual farmers to lease and pass it on by inheritance to their kin. As indicated in the land use types, larger proportion of the woredais cultivated land.
[bookmark: _Toc400608781]The data obtained from the woreda Irrigation Development Authority indicate that the average land holding per household in the woreda is about 1.5 ha. The land holding in the command area is not in tune with the land distribution system for irrigation development and thus needs redistribution among the beneficiaries during the implementation of the project.




[bookmark: _Toc454521404]6. EXISING AGRICULTURE
Mixed farming (crop production and animal rearing) is the existing agriculture in around the project area of which, crop production is widely practiced by most of the farmers.
[bookmark: _Toc454521405][bookmark: _Toc395174533]6.1 Existing Crop Production
[bookmark: _Toc395174534][bookmark: _Toc454521406]6.1.1 Under rain fed system
Only traditional irrigation is practiced on the proposed command area in dry season. The crops produced by rain fed agriculture in the woreda are maize, teff, sorghum, wheat, barley, F/millet, oat, rice, F/bean, F/peas. Production and yield data for major crops produced by rain fed agriculture are depicted on table 9 below.
[bookmark: _Toc395174535][bookmark: _Toc454521407]6.1.2 Existing Irrigation Practices
[bookmark: _Toc395174536]Irrigated agriculture has been practiced in the woreda. As of the information obtained from the woreda Irrigation Development Authority, the crops produced by traditional irrigation are cabbage, tomato, lettuce, habesha gomen and Swiss chard.  The area cultivated, and the production and the productivity are described on the table 9 below.
[bookmark: _Toc454521408]6.1.3 Existing Cropping Pattern and Intensity
The existing cropping intensity on the proposed command area under traditional irrigation is only once owing to very severe ponding during rainy season especially from the month of June up to the beginning of October. The area 
[bookmark: _Toc454521478]Table 9:  Average productivity by type of crops and market Price

	No.
	Type of crops
	Yield per hectare
 in qt.
	Price per qt.
 (in Birr)

	1
	Maize
	60
	380.00

	2
	Sorghum 
	40
	700.00

	3
	Teff
	20
	1250.00

	4
	F/ millet 
	15
	800.00

	5
	Noug 
	6
	1250.00

	6
	Anchote 
	80
	500.00

	7
	Sweet potato
	150
	300.00

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Source: Wayu Tuka woreda Agriculture and Rural development Office, 2014/15



[bookmark: _Toc454521479]Table 10: Major vegetable crops produced by traditional irrigation in Wayu Tuka woreda in 2006 production year
	
Types of crops
	Area 
(Ha)
	Production
(Qt)
	yield/ha
(Qt)

	Habesha Gomen 
	300
	10500
	35

	Tomato
	500
	37500
	75

	Lettuce
	3.5
	52.5
	15

	Cabbage
	60
	3300
	55

	Swiss chard
	10
	450
	45


Source: Wayu Tuka woreda Irrigation development Office, 2014/15

[bookmark: _Toc454521480]Table 11: Typical cropping pattern for the command area

	[bookmark: RANGE!C20]Rain fed farming
	Traditional Irrigation

	Crop
	Area, ha
	Area, %
	Crop
	Area, ha
	Area, %

	Maize 
	10.25
	100
	Maize 
	62.47
	97.99

	Potato 
	 -
	- 
	Potato 
	0.63
	0.99

	Tomato 
	 -
	- 
	Tomato 
	0.34
	0.53

	Pepper 
	 -
	- 
	Pepper 
	0.31
	0.49

	Total
	10.25
	100
	
	63.75
	100.0


[bookmark: _Toc395174537][bookmark: _Toc454521409]6.1.4 Existing cropping calendar
Cropping calendar is a schedule at which different activities of crop production like seedbed preparation, sowing, weeding, and harvesting are performed.
6.1.4.1 Seed bed Preparation
Proper seedbed 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 seedbed preparation also plays a significant role in minimizing the development and severity of pests including weeds, insects, and diseases. 
Oxen are the only animals used for plouhging in and around the project area. 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 kebele development centre, 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.
[bookmark: _Toc238012350]
6.1.4.2 Planting/sowing
Planting period is governed by seedbed 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.
6.1.4.3 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.
6.1.4.4 Harvesting 
Harvesting is performed depending on the physiological maturity crops. In the area, harvesting begins mid September and extends up to end of December for the crops produced by rain fed agriculture.  Usually, threshing follows immediately after harvesting for most crops.
[bookmark: _Toc454521481]Table 12: Existing cropping calendar for existing major crops produced by rain fed agriculture and traditional irrigation in and around the project area
	
Types of crops
	Operational calendar

	
	Time of seed bed preparation
	Sowing
	Time of weeding
	Time of harvesting

	
	Ploughing
	Freq.
	
	Weeding 
	Freq.
	

	Rain  fed agriculture
	
	
	
	
	
	

	Maize
	March
	3
	May
	Jun
	3
	December

	Sorghum
	March
	2
	Mid march
	Jun
	2
	December

	Teff
	Jun
	4
	July
	August
	2
	November

	F/millet
	March
	3
	Jun
	August
	2
	November

	Traditional  irrigation
	
	
	
	
	
	

	Maize
	October 
	3
	November
	December
	3
	February

	Potato
	Octobe
	3
	November
	December
	2
	January

	Sweet potato
	Octobe
	3
	November
	December
	2
	February

	Carrot 
	Octobe
	3
	November
	December
	1
	January


Source:  Source: Wayu Tuka woreda Agriculture and Irrigation development Offices

[bookmark: _Toc395174539]



[bookmark: _Toc454521410]6.1.5 Potential and Actual Average Yield
The actual average yield is the yield obtained in and around the project area under the management of farmers at present conditions, where as the potential average yield is the potential of the improved varieties that can give an optimum yield under good agronomic practices such as well prepared seed bed, use of improved seeds, use of recommended rate of fertilizers and control of pests and diseases.
The actual and potential average yield of the crops proposed for the project is shown on the table below.
[bookmark: _Toc395174499][bookmark: _Toc454521482]Table 13: Potential and Actual Average Yield

	
No
	
Types of crops
	Actual average yield/ha 
(Qt)
	Potential average yield/ha 
(Qt)

	1
	Maize
	60
	80

	2
	Potato
	95
	270

	3
	Tomato
	75
	180

	4
	Pepper
	7
	12

	5
	Haricot bean
	6
	20


[bookmark: _Toc395174540][bookmark: _Toc454521411]6.1.6 Existing Agricultural Inputs and supporting services
Irrigation water management needs to be strictly combined with improved agronomic practices for increased yields of irrigated crops. Maximum benefit of using improved crop production technologies such as high yielding varieties, optimum fertilizer use, establishing multiple cropping systems, improved cultural practices, and appropriate plant protection measures can only be achieved when adequate supply of water is assured. On the other hand, optimum benefit from irrigation can be achieved only when the required inputs are available on time and applied properly in a more integrated manner with other technologies.
Agricultural inputs and supporting services play a significant role in yield increment per unit of land and thereby improve the living standard of the people engaged in farming. Fertilizers (DAP and Urea), improved seeds of maize (BH660, BH661, BH543, 30G19, 30D79), pesticides (actellic 2% for the control of weevils) and herbicides (2, 4-D) are the major types of inputs used in the area for rain fed agriculture. The development agents give advices for the farmers on the utilizations of the inputs and improved agronomic practices. That means, farmers of the area have the practice of using agricultural inputs.


Fertilizers are used for maize, and teff on the proposed command area but sorghum was produced without the application of fertilizers. Concerning the rate of fertilizers used, 100kg /ha of DAP and 200kg/ha of urea for maize and 100 kg/ha of DAP and 50kg/ha urea for teff.
[bookmark: _Toc395174541][bookmark: _Toc454521412]6.1.7 Crop production constraints in and around the project area
The major crop production constraints in and around the project area are early offset of rain during flowering of crops, diseases, pests and weeds. They cause low crop productivity by affecting the growth of the crops. 
6.1.7.1 Diseases
 Diseases are any things that hamper or disturb the physiological process of green plants. Some of the crop diseases that cause low crop productivity in and around the project area are rust, early blight, late blight, powdery mildew, Anthracnose, and coffee berry disease (CBD). In addition to the reduction of yield, diseases reduce the quality of products and reduce its physiological beautifulness.
6.1.7.2 Pests
The major insect pests which cause yield reduction in and around the project area are Aphids, cut worm, termites, stalk borer, Weevils, Armyworm, shoot fly, cutworm, African bollworm and Rats. Different pesticides are used to control these insect pests. Diaznone is used to control Aphids, Boll worm, cut worm, shoot fly, and sumithione are used to control African boll worm, Aluminum phosphate is used to control Weevils, Malathione and sumtihione are used to control Armyworm, Funthrothione and sumithione are used to control African bollworm and Zinc phosphate is used to control   Rats.
6.1.7.3 Weeds
[bookmark: _Toc395174542] 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. The common weeds observed in and around the project area were Guizota scabra, Cyndon dactylon Bidens pachyloma. Snowdenia polystachya, Daturastramonium and Parthinum. Both hand weeding and the application of 2.4-D herbicide on broad leaf weeds are the weeds control measures practiced by the farmers of the area for rain fed agriculture. Nevertheless, only hand weeding was practiced for traditional irrigation.
6.1.7.4 Wild animals
They contribute to low crop productivity by feeding on and destroying the crop starting from the seedling stage until harvesting time. The common wild animals found in the area are baboons, monkeys, porcupines and pigs. The control measure practiced by the farmers is protection of the crops day and right from the attack of wild animals by constructing temporary shelter inside the fields of crops. 

[bookmark: _Toc454521413]6.2 Live Stock Production
Live stock production is one of the means of livelihood of the people of the area next to crop production. The domestic animals found in wayu Tuka woreda, in which the proposed project is found are cattle, sheep, Goats, equines and chickens. The people rear animals to get oxen for farming, cows for milk and milk products, sheep and goats for sale, equines to get pack animals for transportation of crop products from the field to house and market places nearest to the project area. Chickens are produced mainly for market. The live stock population found in Wayu Tuka woreda in 2006 census is as follows.
[bookmark: _Toc395174500][bookmark: _Toc422771467][bookmark: _Toc454521483]Table 14: Live stock population in wayu Tuka  woreda

	Types of animals
	Population
 (number)

	Oxen 
	1564

	Cows
	2628

	Bull
	1120

	Heifer
	1158

	Calves
	986

	Sheep
	1420

	Goats
	915

	Horses
	-

	Mules
	12

	Donkeys
	855

	Chickens
	5500


Source: Wayu Tuka woreda Live stock production & protection office 

The source of feed for the animals of the area are grasses on grazing land and crop residue especially straws of teff, wheat, F/bean, and F/pea. Besides, vetch, sesbania, alfalfa, and tree Lucerne are the animal fodders under expansion on farmers’ field to improve the feeding of the animals. But, still there is a shortage of animal feed both in rainy and dry seasons because of the shortage of grazing land owing to farming.
The predominant animal diseases in and around the project area are PPR (pest petite ruminant disease), sheep and Goat pox, Black leg, thrips Bovine pasteurollosis, internal parasites, external parasites, AHS, and NCD. 
There are six animal health protection clinics in the woreda which give services for both vaccination and treatment for the diseased animals in the woreda.
[bookmark: _Toc395174543][bookmark: _Toc454521414]7. FUTURE PROPOSED AGRICULTURE UNDER IRRIGATION SYSTEM
[bookmark: _Toc454521415]7.1 Crop Baskets of the project area
Environmental requirement of crops are given in several literatures. However, there is a best range of climate, soil and other environmental and socio-economic condition for each crop to render an optimum yield. The checklist (crop basket) has to literally give all range of possible or group of crops. The following are a crop basket for Aleltu small scale irrigation project.
Cereals: Maize, Sorghum, Teff, , F/millet 
Pulses:  Haricot bean, Filed pea
Oil crops: Noug, Castor bean
Vegetables:  Onion, Beetroot, Swiss chard, Cabbage, pepper, Potato, Carrot, Tomato, Lettuce,
Root crops:  Sweet potato, Anchote
[bookmark: _Toc454521416]7.2 Selection of crops  
The selection of potential crops during the feasibility study of the project has given due emphasis to the following conditions.
Climatic conditions and adaptation of the crops to the growing conditions of the project area;
The soil condition of the project area;
Experience and interests of the farmers to grow;
Limiting factors of agricultural development of the project area
The length of the growing periods of the various crops;
Yield potentials 
Market  demand of the products;
Crop rotation and crop diversification requirements. 
Based on these conditions of the project area, the following crops are proposed for the project. These are maize, potato, tomato, pepper, and haricot bean and. These crops are the ones, which are adaptable to the given agro-climatic condition of the command area of the project. The command area has an altitude range of 1897-1925 m.a.s.l. The range of altitude required for the proposed crops are 1600-2400, 1700-2800, 700-2000, <1800, and 1400-2000 m. a.s.l. for maize, potato, tomato, pepper, and haricot bean respectively. Thus, the elevation of the command area is in the range of the given agro-climatic condition for the proposed crops for the project.
[bookmark: _Toc395174544]
[bookmark: _Toc454521417]7.3 Proposed Cropping Pattern
Cropping pattern is the yearly sequence of crops grown and the spatial arrangement of them and fallows in a given area. It is formulated with a view to obtain maximum crop production under a given situation.
Two cropping patterns, each for full irrigation and supplementary irrigation is proposed for the project to be adopted by the farmers in the project area.
It is also necessary to give due consideration with regard to cultivation of different crops in order to avoid growing crops of the same species repeatedly on the same land. This helps to avoid the building up of serious soil borne pests and diseases like root knot nematodes and wilt diseases. Thus, the crops should be grown in rotation.
[bookmark: _Toc395174545][bookmark: _Toc454521418]7.4 Proposed Cropping Pattern and Intensity 
[bookmark: _Toc422771472]The overall objective of the project is to maximize the utilization of the land and water given that the water source is not a limiting factor and that all the beneficiaries are capable of implementing the proposed program in terms of supplying the labor and other inputs required.
[bookmark: _Toc422771473][bookmark: _Toc395174501]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 .But, because of the low discharge of the river, 40% in full irrigation and 100% in supplementary irrigation are proposed. i.e. the cropping intensity of about 140% is proposed for the project in two cropping patterns over one calendar year and it is shown on the table below.
[bookmark: _Toc422771474][bookmark: _Toc454521484]Table 15: Proposed cropping pattern and intensity for the project
1. Full Irrigation (Dry season)

	No
	Crop
	First Year
	Second Year
	Third Year
	Forth Year
	Fifth Year

	
	
	Ha
	%
	Yield/ha Qt
	Ha
	%
	Yield/ha Qt
	Ha
	%
	Yield/ha Qt
	Ha
	%
	Yield/ha Qt
	Ha
	%
	Yield/ha Qt

	1
	Maize
	18.5
	25
	65
	14.8
	20
	70
	11.1
	15
	80
	7.4
	10
	80
	7.4
	10
	80

	2
	Potato
	14.8
	20
	150
	18.5
	25
	200
	18.5
	25
	270
	18.5
	25
	270
	18.5
	25
	270

	3
	Tomato
	14.8
	20
	120
	14.8
	20
	160
	18.5
	25
	180
	18.5
	25
	180
	18.5
	25
	180

	4
	pepper
	14.8
	20
	9
	14.8
	20
	10
	14.8
	20
	12
	18.5
	25
	12
	18.5
	25
	12

	5
	Haricot bean
	11.1
	15
	10
	11.1
	15
	15
	11.1
	15
	20
	11.1
	15
	20
	11.1
	15
	20

	
	Total dry
	74
	100
	
	74
	100
	
	74
	100
	
	74
	100
	
	74
	100
	




2. Supplementary Irrigation (wet season) 

	Types 
of crop
	Year One
	Year Two
	Year Three
	Year Four
	Year Five

	
	2nd phase
	2nd  phase
	2nd phase
	2nd phase
	2nd phase

	
	Ha
	%
	Yield/ha Qt
	Ha
	%
	Yield/ha Qt
	Ha
	%
	Yield/ha Qt
	Ha
	%
	Yield/ha Qt
	Ha
	%
	Yield/ha Qt

	Maize 
	5
	30
	65
	5
	30
	70
	5
	25
	80
	5
	30
	80
	5
	30
	80

	Potato 
	3
	25
	150
	3
	25
	200
	3
	30
	270
	3
	25
	270
	3
	25
	270

	Haricot bean
	2.5
	25
	10
	2.5
	20
	15
	2.5
	25
	20
	2.5
	25
	20
	2.5
	25
	20

	Total
	10.5
	100
	
	10.5
	100
	
	10.5
	100
	
	10.5
	100
	
	10.5
	100
	


[bookmark: _GoBack][bookmark: _Toc454521419][bookmark: _Toc395174546]7.5 Crop rotation 
Whether under rain fed or irrigation condition, crop rotation program is an integral part of the scheme. The following crop rotation had been proposed for the scheme 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. 
[bookmark: _Toc454521485]Table 16. Proposed Crop Rotation
	No.
	Year 

	
	1
	2
	3
	4
	5

	1
	Maize  
	Potato  
	H/bean 
	Pepper 
	Tomato

	2
	H/bean 
	Pepper
	Maize
	Tomato
	Potato 

	3
	Pepper
	Maize
	Tomato
	Potato 
	H/bean

	4
	Tomato
	H/bean 
	Potato 
	Maize 
	Pepper

	5
	Potato 
	Maize
	Pepper 
	H /bean 
	Tomato








[bookmark: _Toc454521420]7.6 Proposed Yield and Yield Projection
[bookmark: _Toc422771478]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.
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.
[bookmark: _Toc352223256][bookmark: _Toc395174502][bookmark: _Toc454521486]Table 17: Average yields of the proposed crops under different levels of technology and management in Ethiopia
	No
	Crops
	Variety
	Research station
	On farm
	Demonstration 

	
	
	
	
	
	

	1
	 Maize 
	BH660
	90-120
	60-80
	-

	2
	Potato 

	Tolcha
Menagesha
	331
270
	180-270
250
	-
-

	3
	Tomato 
	Melka Shola
	430
	140-180
	200-270

	
4
	Pepper 
	Bako local
Marako fana 
	15-25
20-25
	9-12
9-11
	-
-

	5
	Haricot bean
	Roba 1
Awash 1
	20-24
20-24
	
	


[bookmark: _Toc395174503]Source: Ethiopian Agricultural Research Organization Directory of Released Crop Varieties & Their Recommended Cultural Practices, Addis Ababa, 2004 

[bookmark: _Toc422771479][bookmark: _Toc454521487]Table 18: Yield build up pattern for the project (Qt/ha)

	Crop
	With-out
project

	Year 1
	Year 2
	Year3
	Year 4
	Year5
	Year 5+


	 Maize 
	60
	65
	70
	80
	80
	80
	80

	Potato 
	95
	150
	200
	270
	270
	270
	270

	Tomato 
	75
	120
	160
	180
	180
	180
	180

	Pepper 
	7
	9
	10
	12
	12
	12
	12

	Haricot bean
	6
	10
	15
	20
	20
	20
	20


[bookmark: _Toc400608843][bookmark: _Toc401670690][bookmark: _Toc395174547]

[bookmark: _Toc454521421]7.7 Production projection

Based on the yield build-up and seasonal/annual area coverage of the proposed crops, the seasonal and annual crop production was calculated and presented to show the production trend over the project lifespan. 
[bookmark: _Toc397585851][bookmark: _Toc400608844][bookmark: _Toc400615668][bookmark: _Toc454521488] Table 19: Summary of crop production projection (Qt) 

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


	Maize
	1202.5
	1036
	166.5
	592
	592
	592

	Potato
	2220
	3700
	462.5
	4995
	4995
	4995

	Tomato
	1776
	2368
	462.5
	3330
	3330
	3330

	Pepper
	133.2
	148
	296
	222
	222
	222

	Haricot bean
	111
	166.5
	166.5
	222
	222
	222


[bookmark: _Toc454521422]7.8 Proposed Agricultural Inputs and Supporting Services
[bookmark: _Toc422771482]In crop husbandry, agricultural inputs play a significant role in boosting up the yield of crops per unit area. Besides the inputs, appropriate use of agronomic practices also has a great effect in crop production. Therefore, these important factors should be integrated, which could be achieved through giving strong extension services for the farmers. Strong extension services should be given to the farmers by the development agents on the use of inputs, agronomic practices, water land, etc accordingly as proposed on the project. Thus, training the farmers timely based on the time of operations is very essential.
[bookmark: _Toc422771483]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.
[bookmark: _Toc422771484]The major inputs recommended for the proposed crops are improved seeds, fertilizers, and chemicals for the control of pests and diseases. The types and rates of inputs are shown on the table below.



[bookmark: _Toc454521423]7.8.1 Improved seeds and fertilizers requirement per a hectare of land

Adequate fertilizer application supply plant nutrients needed to sustain maximum crop productivity and profitability while minimizing environmental impact from nutrient use. In essence, fertilizers are used so that soil fertility is not a limiting factor in crop production. In addition, improved seeds which are adaptable to the climatic condition of the area are needed to get the optimum yield. The seed rate and fertilizers rate recommended are described on the table below.
[bookmark: _Toc395174504][bookmark: _Toc422771485][bookmark: _Toc454521489]Table 20: Seed rate, fertilizer rate and Planting distance for the proposed crops

	No
	Types of 
crops
	Seed rate/ha
 (kg)
	Fertilizer rate/ha
	Planting distance

	
	
	
	DAP
(kg)
	Urea
(kg)
	Between plants
	Between rows

	1
	Maize
	25-30
	200
	100
	25
	75

	2
	Potato
	1800-2000
	200
	150
	30
	75

	3
	Tomato
	0.35-0.35
	200
	150
	30
	100

	4
	Pepper
	0.75-1.0
	200
	100
	40
	60

	5
	Haricot bean
	70-80
	100
	-
	50-90
	5-20


[bookmark: _Toc395174505]
[bookmark: _Toc454521490]Table 21: Methods of fertilizer application for the proposed crop types

	S/n
	Proposed Crops
	Fertilizers to be applied
	Method of Application
	Time of Application

	1
	Maize
	DAP
	Basal dressing 
	At the time of sowing

	
	
	Urea
	Top/Side dressing 
	

	2
	Potato
	DAP
	Basal dressing 
	At the time of sowing

	
	
	Urea
	Top/Side dressing 
	During earthening up stage

	3
	Tomato
	DAP
	Basal dressing 
	At the time of transplanting

	
	
	Urea
	Top/Side dressing 
	3 to 4 weeks after transplanting

	4
	Pepper
	DAP
	Basal dressing 
	At the time of transplanting

	
	
	Urea
	Top/Side dressing 
	3 to 4 weeks after transplanting

	5
	H/bean
	DAP
	Basal dressing 
	At the time of sowing

	
	
	Urea
	
	


[bookmark: _Toc422771486]








[bookmark: _Toc454521491]Table 22: Cost of inputs for the proposed crops

	
Crop
	
Unit 
	Cost of inputs (Birr/unit)

	
	
	Seed
	DAP
	Urea

	Maize
	Qt
	4500
	1600.00
	1550.00

	Potato
	Qt
	550
	1600.00
	1550.00

	Tomato
	kg
	1170
	1600.00
	1550.00

	Pepper
	Kg
	500
	1600.00
	1550.00

	Haricot bean
	Kg
	40
	1600.00
	1550.00


[bookmark: _Toc342105918][bookmark: _Toc405192481]
[bookmark: _Toc454521492]Table 23: Seasonal inputs requirements (for first year)
	Crop
	Dry season
	Wet season
	Annual

	
	DAP
(kg)
	UREA
(kg)
	Seed
(kg)
	Chemical
(lt)
	DAP
(kg)
	UREA
(kg)
	Seed
(kg)
	Chemical
(lt)
	DAP
(kg)
	UREA
(kg)
	Seed
(kg)
	Chemical
(lt)

	Maize
	3700
	1850
	555
	92.5
	1000
	500
	150
	25
	4700
	2350
	705
	117.5

	Potato
	2960
	2220
	29600
	100.64
	600
	450
	6000
	20.4
	3560
	2670
	35600
	121.04

	Tomato
	2960
	2220
	5.18
	296
	-
	-
	-
	-
	2960
	2220
	5.18
	296

	Pepper
	2960
	1480
	14.8
	4.144
	-
	-
	-
	-
	2960
	1480
	14.8
	4.144

	H/bean
	1110
	-
	888
	-
	125
	-
	200
	-
	1360
	-
	1088
	-



[bookmark: _Toc454521424]7.8.2 Plant Protection

[bookmark: _Toc422771488]Controlling insect pests, diseases, and weeds is very essential for the achievement of optimum crop yield from irrigated agriculture. Pesticides may be expensive and may cause also environmental problems of the area for both human and animals. They also kill other important pests which are enemies of the non-advantageous pests. Thus, during the cultivation period, non chemical methods of pest control should also be applied together with that of chemical ones (integrated method). Accordingly, the following protection methods are summarized to be used in the future plant protection activities of the proposed project.

[bookmark: _Toc422771489]


[bookmark: _Toc454521493]Table 24: Chemicals required for crop protection

	
Crops 
	
Diseases
	
Chemicals 
	
Rate/ha
	
Freq.

	Maize 
	Grey leaf spot (GLS), Leaf blight
	Mancozeb 80%
	2kg
	1

	Potato 
	Early blight
	Helcozeb 80%
	2kg
	1

	
	Late blight
	Helcozeb 80%
	2kg
	1

	Tomato 
	Early blight
	Helcozeb 80%
	2kg
	4

	
	Late blight
	Helcozeb 80%
	2kg
	4

	Pepper 
	Bacterial leaf spot
	Copper oxychloride 0.50%
	50g
	3-4

	
	Powdery mildew
	Kocide 0.2%
	20g
	3-4

	Pests

	
	
	
	
	

	Maize
	Stalk borer 
	Carbaryl 85% Wp
	1.5kg
	1

	
	Army worm
	Malathion 50%
	1.5kg
	1

	Potato 
	Potato tuber moth
	Diamacron 
	0.8lt
	1

	
	Aphids 
	Malathione or endosulphan
	2.0lt
	1

	Tomato 
	Cutworms
	Symbush or carbaryl 85% wp
	2.0lt
	1

	
	Aphids
	Endosulphan 40%
	2.0lt
	1

	Pepper
	Thrips, white fly, Different Worms
	Field sanitation, Crop rotation, and Disease free var., proper crop and water management.
	
	


*The average unit cost of chemical is estimated to be 200 birr


[bookmark: _Toc342105920][bookmark: _Toc405192483][bookmark: _Toc454521425]7.8.3 Labour Requirement

[bookmark: _Toc422771491]As “With-Project” condition, labour is calculated for each selected crop, for a one ha of irrigable land. All the required activities, frequency and quantity required are described in the following table.


[bookmark: _Toc341919067][bookmark: _Toc405192570][bookmark: _Toc422771492]
[bookmark: _Toc454521494]Table 25: Labour requirement for “With-Project” condition per hectare 

	No
	Crops
	Activities
	Unit
	Frequency
	Qty
	Total 

	Unit price (Birr)
	Total Price

	1
	Maize 
	Ploughing
	MD
	4
	4
	16
	70
	1120

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	70
	280

	
	
	Planting/Sowing
	MD
	1
	4
	4
	70
	280

	
	
	Irrigation 
	MD
	8
	4
	32
	70
	2240

	
	
	Cultivation/Weeding
	MD
	3
	15
	45
	70
	3150

	
	
	Fertilizer application
	MD
	2
	4
	8
	70
	560

	
	
	Protection
	MD
	2
	4
	8
	70
	560

	
	
	Harvesting
	MD
	1
	30
	30
	70
	2100

	
	
	Threshing
	MD
	1
	20
	20
	70
	1400

	
	
	Transport 
	MD
	1
	8
	8
	70
	560

	2
	Potato
	Ploughing
	MD
	4
	4
	16
	70
	1120

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	70
	280

	
	
	Planting/Seeding
	MD
	1
	20
	20
	70
	1400

	
	
	Irrigation 
	MD
	15
	4
	60
	70
	4200

	
	
	Cultivation/Weeding
	MD
	3
	20
	40
	70
	2800

	
	
	Fertilizer application
	MD
	2
	4
	8
	70
	560

	
	
	Protection
	MD
	2
	4
	8
	70
	560

	
	
	Harvesting
	MD
	1
	30
	30
	70
	2100

	
	
	Transport + Store
	MD
	1
	20
	20
	70
	1400

	3
	Tomato
	Ploughing
	MD
	4
	4
	16
	70
	1120

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	70
	280

	
	
	Seedling nursery
	MD
	1
	5
	5
	70
	350

	
	
	Transplanting
	MD
	1
	30
	30
	70
	2100

	
	
	Irrigation 
	MD
	8
	4
	32
	70
	2240

	
	
	Cultivation/Weeding
	MD
	3
	20
	40
	70
	2800

	
	
	Fertilizer application
	MD
	2
	4
	8
	70
	560

	
	
	Protection
	MD
	3
	4
	12
	70
	840

	
	
	Harvesting
	MD
	2
	20
	40
	70
	2800

	
	
	Transport 
	MD
	1
	20
	20
	70
	1400

	4
	Pepper 
	Ploughing
	MD
	4
	4
	16
	70
	1120

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	70
	280

	
	
	Seedling nursery
	MD
	1
	5
	5
	70
	350

	
	
	Transplanting
	MD
	1
	30
	30
	70
	2100

	
	
	Irrigation 
	MD
	12
	4
	48
	70
	3360

	
	
	Cultivation/Weeding
	MD
	3
	20
	40
	70
	2800

	
	
	Fertilizer application
	MD
	2
	4
	8
	70
	560

	
	
	Protection
	MD
	3
	4
	12
	70
	840

	
	
	Harvesting
	MD
	1
	30
	30
	70
	2100

	
	
	Transport 
	MD
	1
	20
	20
	70
	1400

	5
	Haricot bean
	Ploughing
	MD
	3
	4
	12
	70
	840

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	70
	280

	
	
	Sowing 
	MD
	1
	4
	4
	70
	280

	
	
	Irrigation 
	MD
	5
	4
	20
	70
	1400

	
	
	Cultivation/Weeding
	MD
	2
	15
	30
	70
	2100

	
	
	Fertilizer application
	MD
	1
	4
	8
	70
	560

	
	
	Protection
	MD
	3
	4
	12
	70
	840

	
	
	Harvesting
	MD
	1
	20
	20
	70
	1400

	
	
	Transport 
	MD
	1
	5
	5
	70
	350




[bookmark: _Toc422771493][bookmark: _Toc454521495][bookmark: _Toc353791829][bookmark: _Toc395174509]Table 26: Proposed Oxen Day and Costs 

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

	Maize 
	Ploughing 
	OD
	4
	8
	120
	3840
	4800

	
	Sowing 
	« 
	1
	8
	120
	960
	

	Potato 
	Ploughing
	« 
	4
	8
	120
	3840
	4800

	
	Sowing 
	« 
	1
	8
	120
	960
	

	Tomato 
	Ploughing
	« 
	4
	8
	120
	3840
	4800

	
	Sowing 
	« 
	1
	8
	120
	960
	 

	Pepper 
	Ploughing
	« 
	4
	8
	120
	3840
	4800

	
	Sowing 
	« 
	1
	8
	120
	960
	

	Haricot bean 
	Ploughing
	«
	4
	8
	120
	3840
	4800

	
	Sowing
	«
	1
	8
	120
	960
	 


[bookmark: _Toc395174548][bookmark: _Toc454521426]7. 9 Proposed Crops and Cropping Calendar
Cropping calendar is the time in which the agricultural activities are performed sequentially starting from land preparation until harvesting time. 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.

[bookmark: _Toc422771495]

[bookmark: _Toc454521496]Table 27: Cropping calendar for the proposed crops

I. Full irrigation cropping schedule

	No
	
Types 
of
crops
	Operational calendar

	
	
	Tillage
	Date of sowing 
or 
planting
	Weeding
	
Harvesting

	
	
	Season of
ploughing
	Freq
	
	Start of weeding
	Freq
	

	1
	Maize 
	Mid Oct
	4
	Nov 15
	Beg Dec 
	3
	Apr 23rd

	2
	Potato 
	Beg Nov
	4
	Dec  1
	Mid Dec 
	3
	Mar 15th

	3
	Tomato
	Beg Nov
	4
	Dec 5  
	Mid Dec 
	3
	Apr 3rd

	4
	Pepper
	Beg Nov
	4
	Dec 10  
	Beg Jan 
	3
	Apr 8th

	5
	Haricot bean
	Beg Nov
	4
	Dec 5  
	Beg Jan 
	2
	Mar 4th




II. Wet season cropping schedule

	
No
	
Types of crops
	Operational calendar

	
	
	Tillage
	Date of sowing or planting
	Weeding
	Harvesting

	
	
	Season of ploughing
	Freq
	
	Start weeding
	Freq
	

	1
	Maize 
	Beg. May  
	4
	May 15th
	July-August  
	3
	Oct 21st

	2
	Potato 
	Mid Mar
	4
	Apr 1st
	July
	3
	Jul 14th

	3
	Haricot bean
	Beg Mar
	4
	Mar 20th
	June 25
	2
	May 17th

















[bookmark: _Toc395174550][bookmark: _Toc454521427]8. CROP WATER REQUIREMENT (ETcr)
Crop water requirement is the water required by the plants for its survival, growth, development and to produce economic parts. This requirement is applied either naturally by precipitation or artificially by irrigation. The crop water requirement varies from place to place, from crop to crop and depends on agro-ecological variation and crop characters.
Crop water requirement is the depth of water needed to meet the loss through evapo-transpiration of diseases free growing in large fields under non-restricting soil conditions including soil water and fertility and achieving full production potential under the given growing environment.
[bookmark: _Toc422771499]	ETcr = ETo x Kc
[bookmark: _Toc395174551][bookmark: _Toc454521428]8.1 Reference Crop Evapo-Transpiration (ETo)
Reference crop evapo-transpiration is the rate of evaporation from an extensive surface of 8 to 15cm tall green grass cover of uniform height, actively growing, completely shading the ground the with no shortage of water.
The Reference crop evapo-transpiration (ETo) for the project is calculated by modified Pen man-Monteith method using CROPWAT 8.0 software. The climatic factors used for the calculation are temperature (minimum and maximum), humidity, wind and sun shine hour. The monthly ETo calculated is depicted on the table below.  

[bookmark: _Toc395174511]








[bookmark: _Toc422771501]


[bookmark: _Toc454521497]Table 28 The Monthly ETo Nekemte Metreological Station

	Month
	Min Temp
°C
	Max Temp
°C
	Humidity
%
	Wind
m/s
	Sun
hours
	Rad
MJ/m²/day
	ETo
mm/day

	January
	12.3
	26.1
	55
	4.3
	8.5
	20.1
	5.28

	February
	13.4
	27.9
	48
	4.7
	8.5
	21.3
	6.3

	March
	14.2
	27.9
	52
	5.3
	7.9
	21.5
	6.46

	April
	14.4
	27.1
	60
	4.9
	7.5
	21.1
	5.75

	May
	13.8
	24.7
	73
	3.8
	7.1
	20
	4.41

	June
	12.9
	22.4
	85
	3.4
	5.2
	16.8
	3.21

	July
	12.7
	20.9
	89
	4.2
	3.2
	13.9
	2.57

	August
	12.8
	21
	89
	3.3
	3.2
	14.2
	2.61

	September
	12.8
	22.5
	86
	3.5
	4.7
	16.5
	3.09

	October
	12.9
	23.9
	76
	4.7
	7.1
	19.4
	4.07

	November
	12.7
	24.4
	69
	4.6
	8
	19.5
	4.43

	December
	12.1
	25.1
	61
	4.4
	8.6
	19.7
	4.83

	Average
	13.1
	24.5
	70
	4.3
	6.6
	18.7
	4.42



[bookmark: _Toc395174552][bookmark: _Toc454521429]8.2 Length of Crop Growing Stage
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.
[bookmark: _Toc422771503]The growing stages of the proposed crops for the project are shown on the table below.


[bookmark: _Toc454521498]Table 29: 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
	Maize
	25
	45
	50
	40
	160

	2
	Potato
	25
	30
	30
	20
	105

	3
	Tomato
	25
	30
	40
	25
	120

	4
	Pepper
	30
	45
	55
	30
	160

	5
	Haricot bean
	15
	25
	35
	15
	90



[bookmark: _Toc395174553][bookmark: _Toc454521430]8.3 Crop Coefficient (Kc)
The effect of crop characteristics on crop water requirement is given by the crop coefficient. It represents the relationship between reference (ETo) and crop evapo-transpiration (ETcr) or ETcr = Kc x ETo
Values of crop coefficient given are shown to vary with the crop, its stage of growth, growing season and the prevailing weather conditions.
The crop coefficients used are taken from yield responses to water, FAO irrigation and drainage paper 33, the table of crop coefficient (kc) of different growth stages.  For the proposed crops, the crop coefficients selected are shown on the table as follows.
[bookmark: _Toc454521499]Table 30: Crop coefficients (kc) for the proposed crops

	No
	Types of crop
	Crop coefficient in growing stages

	
	
	Initial
	Development
	Mid
	Late

	1
	Maize
	0.40
	0.75
	1.1
	0.8

	2
	Potato
	0.45
	0.75
	1.1
	0.9

	3
	Tomato
	0.45
	0.75
	1.1
	0.8

	4
	Pepper
	0.35
	0.6
	1.0
	0.9

	5
	Haricot bean
	0.35
	0.70
	1.00
	0.9


[bookmark: _Toc395174554]



[bookmark: _Toc454521431]8.4 Effective Rainfall
Effective rainfall means useful or utilizable rainfall. All the rainfall received are not used by the crops because of its erratic nature such as untimely, lesser or higher quantity etc.
Effective rainfall is the proportion of rain, which is stored in the root zone and therefore be available to the plants. Rainfall, which percolates beyond the root zone or is lost to the plants through surface run off, is not effective, in that it is not available for plant growth.
It is calculated using the CROPWAT 8.0 software by effective rainfall method for CWR calculations using dependable rain (FAO/AGLW formula) which is;
Peff = 0.6*P-10        for P month<=70 mm 
Peff = 0.8*P-24               for P month>70mm 

[bookmark: _Toc422771506]Where; Peff = effective rain fall
           P= total rainfall in a month (mm per month)
The calculated effective rainfall of the Nekemte meteorological station, which is the nearest station to the project area both in distance and in elevation, is illustrated on the table below.

[bookmark: _Toc454521500]Table 31: Effective Rain Fall of the Project Are

	Month

	Rain
mm
	Eff rain
mm

	
	
	

	January
	11.6
	0

	February
	11.7
	0

	March
	46.9
	18.1

	April
	95.9
	52.7

	May
	272.7
	194.2

	June
	396.2
	293

	July
	389.9
	287.9

	August
	381.9
	281.5

	September
	291.3
	209

	October
	155.9
	100.7

	November
	50.7
	20.4

	December
	16
	0

	Total
	2120.7
	1457.6





Several factors influence the proportion of effective rainfall and these may act singly or collectively and interact with each other.
Rainfall characteristics - Large quantity as well as high intensity will reduce effectiveness because of excess run off and less infiltration rate. A well-distributed rainfall with some frequent light showers is more conducive to crop growth than downpour.
Land slope - Here, because of the slope very less infiltration opportunity time is available which results in rapid run off loss and less effective.
Soil properties - Properties like infiltration rate, retention capacity, releasing capability and movement of water influence the degree of effectiveness. High infiltration, high water holding capacity etc., increase effectiveness by avoiding run of losses. High moisture content, low infiltration rate, low water holding capacity reduces effectiveness.
Ground water characteristics - Shallow water table causes more run off and effectiveness is low. Deep water table causes more infiltration and percolation and effectiveness of rainfall is more.
Management practices - Bunding, terracing, contour tillage, ridging, mulching, etc., reduce the runoff and increases the effectiveness of rainfall.
Crop characteristics - Crop with high water consumption creates greater deficits of moisture in the soil. The effective rainfall is directly proportional to the rate of water uptake by the plant.
Carry over soil moisture - It is the moisture stored in the crop root zone depth between cropping seasons or before the crop is planted. This moisture is available to meet the consumptive water needs of the succeeding crop. The contribution of rain occurring just prior to sowing may be equivalent to one full irrigation
Seepage and percolation - Surface and sub surface seepage and deep percolation below root zone will also influence effectiveness of rainfall.
[bookmark: _Toc395174555]



[bookmark: _Toc454521432]8.5 Irrigation Efficiency (E)
There are different types of irrigation efficiencies of irrigation projects. These are described as follows.
[bookmark: _Toc454521433][bookmark: _Toc395174556]8.5.1 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.

[bookmark: _Toc422771509]Application efficiency (Ea) = Water required to bring soil to FC level x 100
                                                  Water received at field inlet	
[bookmark: _Toc395174557][bookmark: _Toc454521434]8.5.2 Conveyance efficiency (Ec)

[bookmark: _Toc422771510]                                                                 Water received at inlet to a block of fields   x 100
                                                Ec =         Water released at project head works	      

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.
[bookmark: _Toc395174558][bookmark: _Toc454521435] 8.5.3 Project efficiency (Ep)
[bookmark: _Toc422771512]                                           Ep =       Water made directly available to the crop       x 100
                                                          Water released at head works           

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%.
[bookmark: _Toc395174559]


[bookmark: _Toc454521436]8.6 Net and Gross Irrigation Requirements
[bookmark: _Toc395174560][bookmark: _Toc454521437]8.6.1Net irrigation requirement
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. It is calculated by using the relationship between crop water requirement (ETcr) and effective rainfall.
i.e. Net irrigation requirement = ETcr – Effective rainfall
[bookmark: _Toc395174561][bookmark: _Toc454521438]8.6.2 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.

[bookmark: _Toc422771516]Net irrigation requirement =    Gross irrigation requirement   x 100
                                                  Field efficiency of system    
[bookmark: _Toc395174562][bookmark: _Toc454521439]8.6.3 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 February. The irrigation requirement for actual area was found to be 0.81 l/s/ha for 24 hour irrigation. The net irrigation requirement is divided by project efficiency (50%) to obtain the gross water requirement. The proposed irrigation hour for the project is 16-hour irrigation.  Therefore, the scheme supply of the project is 2.43 l/s/ha. 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.







[bookmark: _Toc395174515][bookmark: _Toc422771518]


[bookmark: _Toc454521501]Table 32:  Scheme supply

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

	Precipitation deficit
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1. Maize             
	178.3
	211.2
	213.7
	93
	0
	0
	0
	0
	0
	0
	24.2
	82.6

	2. Potato               
	151.5
	189.8
	87.3
	0
	0
	0
	0
	0
	0
	0
	0
	69.6

	3. Tomato            
	147.6
	204.3
	195.2
	10.9
	0
	0
	0
	0
	0
	0
	0
	59.3

	4. Pepper            
	95.4
	184.9
	193
	37.7
	0
	0
	0
	0
	0
	0
	0
	37.7

	5. Haricot bean      
	164.8
	181.6
	23.3
	0
	0
	0
	0
	0
	0
	0
	0
	56.9

	Net scheme irr.req.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	in mm/day
	4.8
	7
	4.9
	1.1
	0
	0
	0
	0
	0
	0
	0.2
	2

	in mm/month
	148.2
	195.8
	152
	33
	0
	0
	0
	0
	0
	0
	6
	62.5

	in l/s/h
	0.55
	0.81
	0.57
	0.13
	0
	0
	0
	0
	0
	0
	0.02
	0.23

	Irrigated area (% of total area)
	100
	100
	100
	65
	0
	0
	0
	0
	0
	0
	25
	100

	Irr.req. for actual area (l/s/h)
	0.55
	0.81
	0.57
	0.2
	0
	0
	0
	0
	0
	0
	0.09
	0.23

	Project  efficiency
	50%
	50%
	50%
	50%
	50%
	50%
	50%
	50%
	50%
	50%
	50%
	50%

	Project supply(l/s/ha)
	1.1
	1.62
	1.14
	0.4
	0
	0
	0
	0
	0
	0
	0.18
	0.46

	Proposed irrigation hour
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16
	16

	Project supply (l/s/ha for 16 hour)
	1.65
	2.43
	1.71
	0.6
	0
	0
	0
	0
	0
	0
	0.27
	0.69















[bookmark: _Toc395174563][bookmark: _Toc454521440]9. CROP SYSTEM AND MANAGEMENT
[bookmark: _Toc395174564][bookmark: _Toc454521441]9.1 Crop Management of the Proposed Crops
[bookmark: _Toc422771521][bookmark: _Toc454521442]1. Maize

[bookmark: _Toc422771522]Recommended Cultural Practices 

Seeding rate: 25-30kg/ha; 
Fertilizer rate: -The fertilizer rate recommended is 100kg/ha of DAP at the time of sowing and 100kg/ha of urea in split application. The first should be when the maize crop is at knee high (30cm) crop stage after about a month of sowing and the second is when the crop is at tasselling.
[bookmark: _Toc422771523]Spacing: 75 and 30 cm between rows and plants, respectively; 
Weed control: twice weeding, 20-25 and 40-45 days after emergence, and the use of chemicals such as Atrazine mixed with 200 liters of water at the rate of 41t/ha for broad leaved weeds and Primagram at the rate of 4-5lt/ha for grass weeds; 
Storage pests: Drying of the grain to the optimum moisture content and use insecticide such as Pirimiphos methyl

[bookmark: _Toc454521443]2. Potato 
· The crop is grown on ridges or on the flat. Under irrigation the crop is mainly grown on ridges.
· The recommended planting method is row planting and for planting in rows, the recommended spacing is 75cm between rows and 30 cm between plants.
· A seeding rate of 20 Qt (2000kg) per hectare is required.
· The fertilizer recommendation 200kg/ha of DAP and there is no need of Urea fertilizer.
· Like many other crops, Potato during its establishment is very susceptible to competition from weeds. Therefore, weed control during the early stages of growth is essential.
[bookmark: _Toc454521444]3. Tomato 
· The seed is generally sown in nursery plots and emergence is within 10days, seedlings are transplanted to the field after 25 days. In the nursery the row distance is about 10cm.
· In the field a spacing of 120cm wide bed is required and seedlings will be planted in one row on this bed at a distance of 40cm between plants for indeterminate varieties. But for the determinate varieties on a bed of 120 cm wide seedlings will be planted in two rows at a distance of 50cm between rows and 25cm between plants.
· Fertilizer recommendation is 150kg/ha of DAP and there is no need of Urea fertilizer.
· Depth of planting required is 4-5cm.
· The crop should be grown in rotation with other crops such as maize to reduce pests and diseases particularly nematodes.
· Area needed to prepare seedlings for one hectare is 250m2.

[bookmark: _Toc422771524]


[bookmark: _Toc454521445]4. Pepper

Seed preparation and sowing in the nursery -the total area required to raise seedlings sufficient for one hectare is 300m2. The distance between beds is 40-50cm; distance between rows on the seedbed is 15cm and the between plants when it is sown on seedbeds is from 2 to 4 cm. A total of 600 gm of seeds per hectare are required and a depth of 0.5-1 cm should be maintained for sowing.
Land preparation- the permanent field should be ploughed frequently and leveled, the make furrows or ridges by maintaining 75 cm between rows;
Plant spacing is 60 cm between rows and 40 cm between plants;
Irrigate the field a day before transplanting;
The field must not be covered with the same crop or related species for the last 3-4 years;
Seedlings of 15 to 20 cm are transplanted in the field; this is coinciding with 25 to 30 days after sowing at nursery beds. Prior to transplanting seedlings, need to be hardened;
Seedlings are sometimes toped 10 days before transplanting to encourage branching;
Transplanting should be carried out in the morning hours or late in the afternoon hours;
Apply irrigation water immediately after transplanting.
Fertilizer application – apply 100 kg/ha of DAP during land preparation. Split application of 100kg/ha of urea is recommended. The first will be applied after 20 days of transplanting and second half at flowering and incorporate with the soil immediately.
[bookmark: _Toc395174565][bookmark: _Toc454521446]9.1.1 Cultivation and Plant Protection
[bookmark: _Toc454521447][bookmark: _Toc395174566]9.1.1 Cultivation
Cultivation is for the purpose of removing weeds, which compete with the crops for water, light, and nutrients. Cultivation must be timely that is while the weeds are still small and before any seeding takes place.
 Maize – Cultivation is for the purpose of removing weeds, to facilitate for fertilizer application, to facilitate root development, aeration and to distribute irrigation water uniformly in the field.

Potato- The effect of cultivation should be to earth up the ridges, to remove weeds, and to control tuber moth. Cultivation during the growing period must avoid damage to roots and tubers and the ridges are earthen up to avoid greenings of tubers.
Tomato - Cultivation is for the purpose of removing weeds, to move soil towards plants planted near the edge of the bed.
 Pepper- The effect of cultivation should be to earth up the ridges, to remove weeds, and to control tuber moth. Cultivation during the growing period must avoid damage to roots and tubers and the ridges are earthen up to avoid greenings of tubers.
[bookmark: _Toc395174567][bookmark: _Toc454521448]9.1.2. Plant protection
[bookmark: _Toc422771528]1. Maize

[bookmark: _Toc422771529] 1.1 Diseases

[bookmark: _Toc422771530]a) Grey leaf spot (cercosporazeaemaydis)
It is a foliar disease of maize. It causes complete drying of leaves before maturity.
The control measure could be achieved by the use of resistant or tolerant varieties, crop rotation, proper planting date, seed dressing with chemicals and crop residue management. Fungicides like Mancozeb and tilt could also be used to control foliar diseases. 
[bookmark: _Toc422771531]b) Leaf blight (Helminthoporiumturicicum)

It is also a foliar disease of maize. It can be controlled by using resistant varieties, Proper planting date, seed dressing with chemicals and management of vectors that would transmit viral diseases. Fungicides like Mancozeb and tilt could also be used to control foliar diseases. 
[bookmark: _Toc422771532]1.2 Pests

[bookmark: _Toc422771533]a) Stalk borer (Busseolafusca)
It attacks the stalk by boring the stem. Control of this pest could be achieved by destroying residues of the previous seasons maize crop because the larvae diapauses (over wintering) in the dry stalks, by the removal of plants with dead hearts during the first six weeks and their destruction .Early planting after the onset of rain and horizontal placement of the maize stalk in the sun for 4-6 weeks in the field before stacking;    
 It can also be controlled by chemicals using carbaryl 85% WP at the rate of 1.5kg/ha or simbush at 1.5kg/ha.

[bookmark: _Toc422771534]


b) Cut worm (Agrofisipsilon)

It attacks the seedlings by cutting the shoots at the base. The control can be achieved by plowing the land during the dry time, seed dressing and avoiding host weeds.
[bookmark: _Toc422771535]c) Army worm (Spodopteraexempta)

It can cause complete devastation of the seedlings. Thus, all the out breaks should be reported to the agricultural development office of the woreda. It can be controlled with either malathion 50% EC at the rate of 1-2lt/ha or 25% endosulphan ULV at the rate of 1.5lt/ha.
[bookmark: _Toc422771536]d. Storage pests: Drying of the grain to the optimum moisture content and use insecticide such as Pirimiphos methyl dust; 
2. Potato

[bookmark: _Toc400608930]2.1 Diseases
[bookmark: _Toc400608931]a. Late blight (phytophtora infestans)
This is a fungus disease. The fungus causes defoliation and a very destructive rot of the plants. The first symptoms are irregular, greenish black and water soaked spots on the leaves. These spots enlarge rapidly in moist weather and sometimes show white, downy growth on the lower surface, the stems often show spots similar to those on the leaves.
Control measures are using resistant varieties, rouging out infected plants, spraying Helcozeb 80% powder at the rate of 2kg/ha mixed with 400-600 lt of water and spraying one time during growing periods.
[bookmark: _Toc400608932]b. Early blight (Alternaria solani)
It is also a fungus disease. The fungus cause a canker and collar rot on the stem of the seedlings and young plants in the field. On the leaves, the fungus develops spots that may partly defoliate the plants and reduce the yield and quality of the crops. 
[bookmark: _Toc400608933]Control measures are the same as for late blight.
2.2 Pests

[bookmark: _Toc400608934]a. Potato tuber moth (Phthorimae operculella)
The caterpillars have a brown head and a triangular brown patch behind the head. Young caterpillars mine the leaves, producing brown blotches. The destruction caused by this insect is not limited to tubers in the field but it will also destroy the tubers in store by boring.  
It can be controlled by using clean seeds, field sanitation of plant residues, spraying of Diamacron 50% at the rate of 0.8lt/ha mixing with 200 lt of water.
[bookmark: _Toc400608935]b. Aphids (Myzus persical)
There are several kinds of aphids that feed on the potato plant. The winged aphids lay eggs on the plants that hatch out into wingless aphids and the number increases rapidly during warm dry weather.
It can be controlled by spraying malathione 50% at the rate of 2lt/ha mixing with 200 liter of water.
[bookmark: _Toc400608936]3. Tomato

[bookmark: _Toc400608937]3.1 Diseases
[bookmark: _Toc400608938]a. Early blight (Alternaria solani)
It is a fungus disease. The fungus causes a canker and collar rot on the stem of seedlings and young plants in the field. In the leaves the fungus develops spots that may partly defoliate the plants and reduce the yield and quality of the fruits.
Control measures are use of resistant varieties, rouging out infected plants, spraying Helcozeb 80% at the rate of 2kg/ha and spraying four times during growing periods.
[bookmark: _Toc400608939]b. Late blight (phytophtora infestans)
The fungus causes defoliation and a very destructive rot of the plants. The first symptoms are irregular, greenish black and water soaked spots on the leaves. The spots enlarge rapidly in moist weather and sometimes show white, downy growth on the lower surface, the stems often show symptoms similar to those in the leaves. Fruit infection occurs near the stem end and may take place at any stage of growth. Small, grayish-green, water soaked areas develop which enlarge rapidly and may cover half of the fruit. The spots take on a dark green color, blotched with brown as the fruits become older.
 Control measures are the same as for early blight.
[bookmark: _Toc400608940]3.2 Pests
a. Nematodes - Several species of nematodes attack tomato plants. The nematodes induce the development of irregular swellings or knots on the roots. The nutrient and water up take from the soil is disturbed and the plant develops poorly.
Control measures are fumigation of seed beds, rouging of infected plants, destroying plant residues after harvest and a correct crop rotation.


b. Aphids and cut worms – They can be controlled by spraying endosulphan 40% E.C at the rate of 2 liter per hectare mixed with 200 liter of water or spraying malathione 50% EC at the rate of 2 liter per hectare mixed with 200 liter of water.
[bookmark: _Toc422771537]4. Pepper

[bookmark: _Toc422771538]4.1. Diseases
Bacterial leaf spot, powdery mildew, bacterial wilt, and mosaic virus are among the diseases that attack pepper.
The recommended control measures are: use disease free seeds for planting, use resistant varieties, keep strictly a four-year cycle of crop rotation with cereals, pulses and fodder crops, do not plant pepper after eggplant, tomato and potato on the field within 2-4 years time, avoid host plants that serve for disease transmission, rough out infested plants and bury them. For leaf, spot spray copper oxychloride 0.5% 50g/ha mixed with 10 liter of water. Tor controlling of powdery mildew spray with kocide 0.2% 20g mixed with 10 liters of water.
[bookmark: _Toc422771539]4.2. Pests 
Aphids, leaf miners, cutworms, fruit fly, false codling moth, Heliothisarmigera, and lesser armyworm are among the major insect pests that attack pepper.
The control measures are developing maggots with the infested fruits can be collected and killed,  as soon as attacks are observed spray dimethoate, malathion,ortrichlorophon, but during the harvesting period use only malathion,and/or trichlorophon.
[bookmark: _Toc395174568][bookmark: _Toc454521449]9.2 Selection of Crop Varieties
In agricultural practices, besides good soil fertility, good rainfall amount and distribution (good irrigation water), the use of proper agricultural inputs, and timely performing of agricultural operations have a significant effect to get an optimum yield or output. All the agricultural inputs are inseparable and of these, improved seeds have a greater significant effect to increase the productivity per unit area.
The proposed varieties of the proposed crops are the improved varieties, which can give better yield than local varieties. If the availability of improved seeds (varieties) is not full, filled, local varieties, which can be purchased from the surrounding, can be used in the project. But the yield projection for the project is done considering the improved varieties. The improved varieties proposed for the project are mentioned as follows.

[bookmark: _Toc422771541]1. Maize

[bookmark: _Toc422771542]Variety- BH660
[bookmark: _Toc422771543]Altitude (m) ---------------------------------------------1600-2400 
Water requirement (mm) ------------------------------1000-1500 	
Maturity days -------------------------------------------160 
Yield (Qt/ha) 
[bookmark: _Toc422771544]              On research station -----------------------------90-120 	
              On-farm ---------------------------------------60-80 
2. Potato
Variety –Tolcha
Altitude (m) ---------------------------------------------1700-2800 
Water requirement (mm) -------------------------- >750	
Maturity days -------------------------------------------100-115 
Yield (Qt/ha) 
              On research station         --------------------331 	
              On-farm ----------------------------------------180-270 
[bookmark: _Toc422771545]3. Tomato 

Variety- Malka Shola
Altitude (m) ---------------------------------------------700-2000 
Water requirement (mm) ------------------------------400-600	
Maturity days -------------------------------------------100-120 
Yield (Qt/ha) 
              On research station         --------------------430 	
              On-farm ----------------------------------------140-180
[bookmark: _Toc422771546]4. Pepper
Hot pepper varieties recommended are Bako local and MarakoFana. However in the absence of improved varieties, it is also possible to use local varieties that are widely adaptable and with promising yield potential. The varietal characteristics of Bako local are red with thin skin, highly pungent and the size slightly less than MarakoFana. It is short maturing variety as compared to MarakoFana. 

However, the variety MarakoFana characterized by deep red colour of the fruit, long fruit, and thick skin and pungent aswell. Due to thick skin, this variety is particularly suited for processing plants of spices.
[bookmark: _Toc422771547]Variety 
Mareko Fana
Altitude (m) ------------------------------------------- 1200-2100 
Water requirement (mm)    -------------------------- 900-1300 
Maturity days       --------------------------------------220-240
Pod characteristics--------------------------------------dark red pungent
Yield Qt/ha) 
                On- research station          -----------------15-25
                On-farm------------------------------9-11
5. Haricot bean 
[bookmark: _Toc422771548]Variety -Roba 1 and Awash 1
Altitude (m) ------------------------------------------- 1400-2200 
Water requirement (mm)    --------------------------? 
[bookmark: _Toc422771549]Maturity days       --------------------------------------75-95 for Awash 1
[bookmark: _Toc422771550]                             ----------------------------------- 80-100 for Roba 1
Yield Qt/ha) 
                On- research station ---------------------------20-24
                On-farm-------------------------------------------?
[bookmark: _Toc395174569][bookmark: _Toc454521450]9.3 Irrigation Practice and Harvesting
[bookmark: _Toc395174570][bookmark: _Toc454521451]9.3.1 Irrigation practice
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 unwanted areas below the ridge and 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. 
The interval between irrigations is given by:
i = d/ETc
d= p*D*Sa 
where i= irrigation interval (days)
d= irrigation depth (mm)
ETc= crop water use (mm/day)
p= allowable depletion (fraction)
D = root depth
Sa= available water capacity (mm/m)


[bookmark: _Toc454521502]Table 33: Irrigation intervals for the proposed crops

	Crop 
	Rooting Depth, m
	Total Available Moisture (Sa), mm/m
	Peak Water Requirement (ETc), mm/day
	Allowable Depletions (p)
	Irrigation Interval, days

	Maize
	1
	290
	7.76
	0.55
	21

	Potato
	0.6
	290
	7.4
	0.3
	7

	Tomato
	1
	290
	7.54
	0.4
	15

	Pepper
	0.8
	290
	7
	0.3
	10

	Haricot bean
	0.9
	290
	6.67
	0.45
	18


· Total Available Moisture (Sa), mm/m was  taken  from FAO medium Soil on Cropwat 8.0
[bookmark: _Toc395174571]
[bookmark: _Toc454521452]9.3.2 Harvesting
Maize – To use green maize, supervise the field every time to check whether it is matured or not to be fed green. By opening the cover, see the fruits and harvest before the fruits become strong. Not to lose its quality because of evapo-transpiration, keep the harvested maize under shade and immediately supply to the market. If it is going to be transported a long distance, keeping the cover without removing any single cover, helps to keep its moisture as it is. While transporting not to lose its quality because of the increasing temperature due to evapo-transpiration, allow to be aerated.
Potato - If the leaves of healthy potato plants start to be wilted or if the leaves start to be yellow, it is the sign of maturity and thus watering should be discontinued. To make the skin of tubers strong for long distance transportation and not to be attacked easily by diseases, it is good to cut the above ground parts before harvest and keep the tubers in the soil for a week. Then, with good care, harvest the potatoes and keep under shade to avoid greenings by sun. Potatoes can also be harvested for immediate consumption in immature state, usually from the time it reaches full flowering. At this time the skin is thin and soft and the potatoes cannot be stored.
Tomato - If they are to be used in the ripe condition, tomatoes should be picked at the earliest when they are mature green. Immature tomatoes do not ripen after harvest. Tomatoes reach the mature-green condition when they are fully rounded and have changed from dark to medium or light green and the skin develops a waxy gloss. As ripening is initiated, the fruits show a pale pink, which develops through a definite pink to full red. 


Most tomatoes are harvested at the early ripening or pink stage depending on market preference and the time they take to reach the retailers. Tomatoes to be consumed immediately can be harvested when fully ripe. Proper handling during harvesting and transporting is important to reduce damage of fruits.
[bookmark: _Toc422771554][bookmark: _Toc395174572]Pepper – for using as fresh food it can be harvested when the fruit is fully developed and still green but for dry or hot pepper, it is important to harvest fully matured and reddish pepper. Pepper as a fresh food is not possible to store for long time, therefore, recommended to use it immediately for home consumption or marketing. Fully matured and picked pepper can be kept in the field on well-prepared clean area for sometimes in order to dry it completely.
[bookmark: _Toc454521453] 10. AGRICULTURAL SUPPORTING SERVICES
[bookmark: _Toc395174573][bookmark: _Toc454521454]10.1Agricultural Extension
The measure of success of irrigation will be its ability to meet its objectives and targets. Extension supports to achieve it, by:
Increasing the agricultural returns form irrigated agriculture and thereby increase living standard and alleviate poverty.
Improving the farmers’ capacity to develop agricultural production so that schemes achieve their economic potential. 
The achievement of successful schemes and viable project therefore achieved with the beneficiaries and should not end on completion of the irrigation infrastructure. For the farmers to be able to increase the total value of their input, they need not only regular access to markets, credit and on farm inputs but also exposure to technological improvements and an opportunity to learn new skills.
It is necessary to ensure that, the intensity of the extension input developed remains especially high during the first years of cropping as this the time when farmers will need to adapt to the considerable changes in the cropping pattern, increasing intensity and agricultural practices that can be expected with the introduction of irrigated agriculture for the first time. Therefore, it is important that the extension services are in place and prepared prior to the onset of the irrigation.   




Agricultural extension is the transfer of new/ improved technologies from the research centers to the users or farmers to make them benefited of the disseminated technologies. The extension package plots on farmers’ field performed around the project area on cereal crops are serving as demonstration sites to make the farmers familiarize with the use of improved agronomic/ cultural practices( such as good seed bed preparation, timely sowing, timely weeding, etc), improved seeds, fertilizers, herbicides and pesticides. These helped the farmers to get an optimum yield per unit area of land and to get know how about the agricultural inputs and their utilization. But concerning the vegetable crops production by irrigation, it is not widely experienced and it is at its infant stage and almost no inputs are used.
Thus, strengthening the irrigation extension with qualified development agents to give technical advices for the farmers on the use of irrigation water and the proposed improved technologies of production are very essential.
[bookmark: _Toc395174574][bookmark: _Toc454521455]10.2 Supply of Agricultural Inputs
To get a successful crop, it becomes essential to make effective use of fertilizers along with other important soil and water management practices. The use of chemical fertilizers is essential for obtaining high crop yields. Full benefit of fertilizers can be obtained only when the recommended doses of nitrogenous, phosphatic and potassic fertilizers are applied. However, many small landholders and resource-poor farmers cannot offer costly fertilizers. This pushes them to use under dose to apply little fertilizers over a large area of their farmland without the recommended rate. As a result, the fertilizers may have no effect on yield.
Water and fertilizer are both high-cost inputs in crop production. However, they are also the highest-return input. When water is readily available to plants, nutrients may move towards roots easily for their absorption or uptake. This is the reason why under dry land conditions, the applied fertilizers have a very limited response to the growing crops. The fertilizer use efficiency in irrigated and rain fed areas can be enhanced through better water management and conservation practices.




The movement of nutrients in the soil is primarily related to the soil moisture and secondarily by the extent of root distribution. In fact, the root distribution affects the availability of both the soil water and the nutrients from the soil profile. A deeper and extensive ramification of the root system assists in exploration of moisture and nutrients from deeper layers of soil. This together with improved top growth due to balanced fertilizers improves the water use efficiency as the effective depth of the reservoir increases according to which plants can absorb water.
There are different agricultural inputs proposed for the project to be used by the farmers. As it is well known in the region, different agricultural inputs are not available and widely used on irrigated agriculture but rain fed agriculture. Thus, these inputs should be made available to the farmers/ beneficiaries of the project to use as proposed and to get the optimum proposed output. The inputs should be available to the farmers at their vicinity at time of irrigation operation with the required amount. This supply of inputs mainly expected from the woreda co-operatives’ office by doing with the woreda agricultural development office based on the felt need of the farmers requested by the extension worker working with the farmers.
[bookmark: _Toc395174575][bookmark: _Toc454521456]10.3 Credits and Marketing
Credit services- Provision of credit to the small holding farmers helps them to buy the required amount of inputs and use as per the recommendation and thereby boosting crop production.Even though there are interest and initiation of the farmers for irrigation development, but there is a problem of lack of money for purchases of inputs. To solve the problem of the initial capital for purchase of inputs, it needs an intervention of both governmental and non-governmental organizations. The existing micro-finance institutions are the dominant sources of credit supply to smallholder farmers. Cooperatives have great role in the area of saving and loan giving services for their member farmers.
Marketing-Marketing is the process by which a product or service originates and isthen priced, promoted, and distributed to consumers.
To initiate the farmers and to make the production sustainable and reliable, the products produced should be of good quality to sell for good prices to generate cash income for the beneficiaries. Thus, the farmers should plan as proposed cropping pattern from the beginning and should consider the market need and its accessibility. Agricultural cooperatives and unions can fundamentally and reliably solve the individual farmer’s problems in the area of input supply and products marketing.


[bookmark: _Toc395174576][bookmark: _Toc454521457]11. CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc400608968][bookmark: _Toc401670730][bookmark: _Toc454521458]11.1 CONCLUSIONS
Irrigation is essentially a practice of supplementing the natural precipitation for increasing production of agricultural and horticultural crops. The cost of irrigation must be kept minimum and irrigation should be done without any wastage of water, which may cause adverse effect on the soil in the form of soil salinity and water logging problems. 

Time of irrigation and quantity of water to be applied (when to irrigate? and how much to irrigate?) based on soil types, climatic parameters, crop, varieties, growth stages, season, quality of water, uptake pattern of water by plants, etc., and method of application (How best to irrigate) includes conveyance of water without seepage and percolation losses and water movement in soil, are the process involving scientific irrigation management.

To achieve the main output of the project, which is increasing crop production and there by achieving food self-sufficiency and increasing farm income, crops which are adaptable to the climatic and soil conditions of the command area are proposed. For these crops, production of two cropping in a year (double cropping) is recommended, one as full irrigation (dry period irrigation) and wet season crop production during rainy season.

Crop system and management (improved cultural/agronomic practices) of the proposed crops were also recommended for the proposed crops
[bookmark: _Toc400608969][bookmark: _Toc401670731][bookmark: _Toc454521459]11.2. RECOMMENDATIONS
[bookmark: _Toc400608970]The scheme will only be viable and sustainable when the following conditions are met.
· To full fill the objectives of the project, all the agronomic recommendations given for the crops should be followed by the development agents and the beneficiaries. 
· Besides the use of agronomic recommendations, the efficient (intensive) use of land and water as proposed in the project is very essential. 
· The provision of extension service must be strengthened to adequately address the essential agronomic practices including timing of the various operations, land preparation, cropping techniques, maintenance of soil fertility, managing water application, crop protection, harvesting, storing of produces and crop rotational needs.
· Adequate and timely supply of agricultural inputs including, improved and viable seeds, fertilizers and plant protection chemicals.   
· Infrastructural development including access roads, storage facilities, markets and market price information.  
· Soil and water conservation measures should also be under taken on high slope gradients. 
· The link between research and extension services should be strengthened so that every research work geared towards the development of agriculture, and in particular irrigated farming, should be based on demand driven approach to generate technologies most needed by resource poor farmers.          

[bookmark: _Toc454521460]12. APPENDIX

Precipitation of Nekemte Metreological Station 

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

	PRECIP
	1994
	4.0
	3.5
	69.9
	62.6
	383.7
	357.2
	469.1
	430.9
	186.7
	55.9
	64.9
	1.6
	2090

	PRECIP
	1995
	
	4.3
	66.7
	65.6
	207.0
	385.2
	388.7
	484.0
	306.0
	87.6
	50.5
	13.3
	2058.9

	PRECIP
	1996
	40.3
	4.3
	104.0
	143.1
	292.3
	391.9
	563.5
	344.3
	272.0
	97.0
	45.2
	23.0
	2320.9

	PRECIP
	1997
	13.5
	0.9
	68.1
	244.2
	256.3
	406.1
	445.8
	226.6
	156.1
	229.1
	137.1
	6.2
	2190

	PRECIP
	1998
	10.1
	0.0
	56.1
	40.9
	275.8
	549.8
	486.6
	347.7
	432.5
	291.6
	48.6
	11.7
	2551.4

	PRECIP
	1999
	42.4
	2.4
	0.6
	
	382.0
	331.1
	194.9
	250.9
	238.2
	338.7
	23.8
	
	1805

	PRECIP
	2000
	0.3
	
	2.9
	107.2
	224.9
	509.3
	332.2
	540.9
	240.8
	138.8
	
	19.7
	2117

	PRECIP
	2001
	0.0
	26.4
	50.8
	83.6
	240.8
	349.6
	336.2
	352.4
	267.4
	168.8
	16.0
	50.2
	1942.2

	PRECIP
	2002
	24.9
	21.1
	74.3
	106.2
	77.4
	376.8
	427.3
	260.3
	186.9
	117.6
	0.2
	33.0
	1706

	PRECIP
	2003
	0.3
	47.5
	54.9
	21.3
	55.1
	422.9
	429.7
	439.0
	312.9
	18.9
	25.5
	9.5
	1837.5

	PRECIP
	2004
	7.2
	6.9
	12.7
	76.6
	206.3
	286.6
	409.9
	433.0
	248.9
	71.9
	20.2
	11.9
	1792.1

	PRECIP
	2005
	9.5
	0.0
	131.5
	60.3
	241.0
	387.4
	346.2
	438.8
	355.6
	219.9
	58.5
	0.0
	2248.7

	PRECIP
	2006
	0.5
	4.8
	56.6
	71.3
	209.4
	350.6
	476.0
	339.1
	278.3
	213.8
	50.4
	88.6
	2139.4

	PRECIP
	2007
	4.7
	54.4
	47.8
	141.7
	217.5
	462.6
	355.6
	447.4
	297.8
	86.7
	56.8
	0.0
	2173

	PRECIP
	2008
	13.1
	0.0
	0.1
	227.4
	368.3
	416.7
	412.1
	384.9
	301.7
	235.0
	82.0
	0.0
	2441.3

	PRECIP
	2009
	0.0
	22.7
	35.5
	173.0
	97.9
	314.5
	251.5
	395.7
	412.1
	286.2
	15.3
	18.4
	2022.8

	PRECIP
	2010
	7.1
	25.6
	3.5
	27.6
	532.7
	518.3
	450.9
	318.7
	366.8
	133.6
	81.3
	16.0
	2482.1

	PRECIP
	2011
	42.0
	2.0
	51.7
	77.8
	265.4
	403.4
	259.3
	418.2
	349.4
	82.1
	57.4
	1.7
	2010.4

	PRECIP
	2012
	0.0
	0.0
	26.9
	32.2
	251.9
	307.4
	399.8
	593.8
	314.0
	99.4
	68.8
	15.1
	2109.3

	PRECIP
	2013
	11.7
	3.3
	23.4
	5.9
	404.1
	357.1
	392.7
	293.9
	301.5
	91.9
	79.8
	0.0
	1965.3

	PRECIP
	2014
	0.0
	3.8
	
	149.5
	536.4
	435.6
	360.2
	279.8
	
	209.6
	31.4
	0.0
	2006.3

	
	
	11.6
	11.7
	46.9
	95.9
	272.7
	396.2
	389.9
	381.9
	291.3
	155.9
	50.7
	16.0
	2120.6









Minimum Temperature of Nekemte Metreological Station

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

	TMPMIN
	1994
	13.0
	
	
	
	
	12.7
	12.4
	12.5
	12.4
	12.4
	12.6
	11.7

	TMPMIN
	1995
	
	13.4
	13.6
	14.5
	13.8
	13.3
	12.7
	12.9
	12.7
	12.6
	12.8
	12.5

	TMPMIN
	1996
	11.8
	13.7
	13.6
	14.2
	13.1
	12.9
	12.6
	12.4
	12.7
	12.7
	12.4
	12.5

	TMPMIN
	1997
	12.5
	12.2
	14.4
	13.7
	13.3
	12.9
	12.7
	12.9
	13.0
	13.4
	13.2
	12.6

	TMPMIN
	1998
	12.3
	13.0
	14.7
	16.0
	14.7
	12.9
	13.2
	13.2
	13.2
	13.3
	12.1
	11.6

	TMPMIN
	1999
	12.6
	14.2
	13.7
	14.5
	12.9
	12.5
	12.3
	12.3
	12.6
	12.6
	11.7
	

	TMPMIN
	2000
	12.4
	12.6
	14.5
	13.6
	13.3
	12.4
	12.4
	12.2
	12.5
	12.8
	
	12.2

	TMPMIN
	2001
	11.4
	13.5
	13.7
	14.5
	13.6
	12.4
	12.8
	13.1
	12.9
	13.0
	12.7
	13.1

	TMPMIN
	2002
	11.8
	13.9
	14.0
	14.7
	14.6
	13.1
	13.0
	13.0
	12.9
	13.4
	13.5
	12.2

	TMPMIN
	2003
	12.8
	14.4
	14.6
	15.0
	15.2
	12.8
	12.4
	13.0
	12.6
	13.1
	13.4
	12.5

	TMPMIN
	2004
	13.1
	12.9
	15.1
	15.0
	14.1
	12.8
	12.2
	12.6
	12.4
	12.5
	13.1
	12.4

	TMPMIN
	2005
	11.7
	15.2
	14.5
	15.4
	14.2
	13.0
	12.6
	12.7
	13.1
	12.6
	12.1
	12.3

	TMPMIN
	2006
	12.7
	13.9
	13.9
	14.2
	13.5
	12.6
	13.0
	12.9
	12.9
	13.2
	12.7
	11.5

	TMPMIN
	2007
	11.3
	12.2
	14.1
	14.1
	13.8
	13.0
	13.0
	13.0
	12.7
	12.3
	12.5
	12.0

	TMPMIN
	2008
	12.4
	12.6
	14.9
	13.0
	12.4
	12.1
	11.9
	12.8
	12.9
	12.8
	12.5
	12.5

	TMPMIN
	2009
	12.3
	14.0
	14.1
	13.8
	14.4
	13.0
	12.9
	13.2
	13.0
	12.5
	12.2
	12.6

	TMPMIN
	2010
	12.7
	13.7
	14.0
	15.2
	14.1
	13.3
	13.2
	13.2
	13.1
	13.1
	13.0
	12.4

	TMPMIN
	2011
	11.7
	12.9
	13.8
	14.5
	13.8
	13.3
	13.0
	13.0
	13.0
	12.8
	12.2
	10.9

	TMPMIN
	2012
	11.8
	13.3
	14.2
	14.5
	14.0
	13.0
	13.4
	13.0
	12.8
	12.7
	12.9
	11.9

	TMPMIN
	2013
	12.2
	13.5
	14.6
	14.9
	13.5
	13.3
	12.9
	13.2
	13.0
	13.0
	12.8
	11.3

	TMPMIN
	2014
	12.6
	12.8
	13.8
	13.4
	13.6
	13.5
	13.1
	12.7
	12.7
	13.3
	12.7
	11.7

	
	
	12.3
	13.4
	14.2
	14.4
	13.8
	12.9
	12.7
	12.8
	12.8
	12.9
	12.7
	12.1












Maximum Temperature of Nekemte Metreological Station

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

	TMPMAX
	1994
	26.9
	
	
	
	
	21.0
	19.9
	19.9
	21.8
	24.8
	23.9
	25.7

	TMPMAX
	1995
	
	27.8
	27.4
	26.5
	24.3
	22.8
	20.5
	21.2
	22.7
	24.6
	24.6
	25.5

	TMPMAX
	1996
	25.6
	28.1
	27.0
	26.2
	23.3
	21.5
	20.8
	20.6
	21.9
	23.5
	24.1
	24.9

	TMPMAX
	1997
	25.6
	27.7
	27.5
	24.9
	23.2
	22.2
	20.9
	21.5
	23.8
	23.9
	23.6
	24.2

	TMPMAX
	1998
	25.6
	27.4
	27.9
	29.1
	25.2
	23.1
	21.0
	21.3
	22.5
	23.1
	24.4
	25.6

	TMPMAX
	1999
	26.1
	28.4
	28.2
	27.6
	23.2
	22.5
	20.1
	20.7
	22.7
	22.5
	24.6
	24.9

	TMPMAX
	2000
	26.7
	28.3
	29.2
	25.5
	24.1
	22.3
	20.6
	20.6
	22.6
	23.3
	
	25.2

	TMPMAX
	2001
	25.3
	27.4
	26.5
	26.9
	24.8
	21.6
	21.1
	20.7
	23.0
	23.7
	24.4
	25.7

	TMPMAX
	2002
	25.5
	27.9
	27.4
	27.1
	26.3
	22.7
	22.2
	21.1
	22.9
	24.2
	24.9
	25.0

	TMPMAX
	2003
	26.3
	28.2
	27.2
	27.7
	28.0
	21.8
	20.4
	20.8
	22.2
	24.7
	25.3
	25.7

	TMPMAX
	2004
	26.7
	27.7
	28.4
	26.9
	26.1
	22.2
	20.8
	21.5
	22.7
	23.8
	24.7
	25.3

	TMPMAX
	2005
	26.1
	29.6
	28.2
	27.5
	25.3
	22.5
	21.0
	21.9
	22.5
	24.0
	24.4
	25.5

	TMPMAX
	2006
	26.1
	28.0
	27.9
	26.9
	24.4
	22.7
	21.3
	20.6
	22.3
	24.0
	23.8
	24.1

	TMPMAX
	2007
	25.1
	26.6
	27.7
	26.5
	24.5
	22.4
	20.7
	20.4
	22.2
	24.1
	24.9
	25.2

	TMPMAX
	2008
	26.4
	27.2
	28.8
	25.0
	23.3
	22.2
	20.3
	20.5
	22.1
	23.4
	23.5
	24.8

	TMPMAX
	2009
	25.7
	27.3
	28.2
	26.8
	25.8
	23.5
	21.0
	21.4
	22.7
	23.9
	25.2
	24.7

	TMPMAX
	2010
	26.5
	27.4
	28.5
	28.4
	24.2
	23.3
	20.5
	20.9
	22.4
	24.1
	24.6
	24.0

	TMPMAX
	2011
	24.9
	28.0
	27.1
	28.0
	24.7
	22.7
	22.1
	21.0
	22.4
	24.5
	24.2
	25.3

	TMPMAX
	2012
	27.3
	29.4
	29.4
	28.4
	25.2
	22.3
	21.2
	21.3
	22.4
	24.8
	24.6
	25.2

	TMPMAX
	2013
	26.6
	29.0
	29.2
	29.8
	24.7
	22.6
	21.5
	20.9
	22.6
	24.0
	24.4
	24.8

	TMPMAX
	2014
	26.2
	27.5
	27.1
	
	24.0
	22.5
	21.6
	21.3
	21.9
	24.0
	24.8
	24.8

	
	
	26.1
	27.9
	27.9
	27.1
	24.7
	22.4
	20.9
	21.0
	22.5
	23.9
	24.4
	25.1











Relative humidity of Nekemte Metreological Station

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

	RH
	1994
	50
	41
	42
	
	
	86
	90
	92
	83
	65
	73
	57

	RH
	1995
	
	43
	53
	60
	
	85
	89
	90
	86
	74
	67
	64

	RH
	1996
	58
	49
	67
	72
	86
	91
	93
	94
	92
	76
	71
	67

	RH
	1997
	64
	47
	54
	70
	81
	84
	89
	87
	81
	78
	81
	71

	RH
	1998
	67
	53
	61
	51
	72
	83
	89
	88
	86
	82
	66
	51

	RH
	1999
	49
	42
	38
	55
	79
	82
	88
	87
	85
	81
	62
	61

	RH
	2000
	48
	40
	40
	64
	77
	85
	88
	88
	85
	81
	
	59

	RH
	2001
	49
	49
	59
	63
	73
	87
	87
	88
	85
	82
	68
	62

	RH
	2002
	62
	48
	57
	56
	62
	84
	87
	89
	85
	76
	63
	57

	RH
	2003
	49
	48
	56
	51
	52
	83
	89
	88
	86
	69
	65
	57

	RH
	2004
	53
	45
	50
	58
	67
	83
	87
	86
	85
	72
	67
	60

	RH
	2005
	51
	41
	52
	56
	66
	84
	87
	87
	86
	77
	68
	51

	RH
	2006
	49
	48
	51
	54
	77
	83
	88
	89
	85
	78
	72
	67

	RH
	2007
	59
	54
	53
	62
	76
	85
	88
	89
	85
	67
	64
	54

	RH
	2008
	54
	46
	41
	70
	82
	85
	89
	90
	86
	79
	71
	64

	RH
	2009
	60
	57
	56
	65
	63
	82
	88
	89
	87
	80
	64
	65

	RH
	2010
	58
	59
	50
	59
	81
	87
	90
	91
	89
	80
	75
	68

	RH
	2011
	65
	51
	58
	61
	76
	86
	86
	91
	87
	75
	72
	63

	RH
	2012
	54
	45
	52
	55
	74
	88
	90
	90
	89
	76
	78
	68

	
	Average  
	55
	48
	52
	60
	73
	85
	89
	89
	86
	76
	69
	61



Wind speed of Nekemte Metreological Station

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

	1
	3.96
	4.32
	4.68
	4.32
	2.88
	2.88
	4.32
	2.88
	2.88
	4.32
	4.32
	4.32

	2
	3.96
	4.32
	4.68
	4.32
	2.88
	2.88
	4.32
	2.88
	2.88
	4.32
	4.32
	4.32

	3
	3.96
	4.32
	4.68
	4.32
	2.88
	2.88
	4.32
	2.88
	2.88
	4.32
	4.32
	4.32

	4
	5.4
	6.12
	6.12
	5.76
	5.4
	3.96
	4.32
	3.96
	4.32
	6.12
	6.12
	6.12

	5
	3.96
	4.32
	4.68
	4.32
	2.88
	2.88
	4.32
	2.88
	2.88
	4.32
	4.32
	4.32

	6
	3.96
	4.32
	7.2
	5.4
	4.32
	4.32
	3.96
	4.32
	3.6
	3.96
	2.88
	2.88

	7
	3.96
	4.32
	4.68
	4.32
	2.88
	2.88
	4.32
	2.88
	2.88
	4.32
	4.32
	4.32

	8
	5.4
	5.76
	5.76
	5.76
	5.4
	4.32
	3.96
	3.96
	4.68
	6.48
	6.48
	5.4

	9
	3.96
	4.32
	4.68
	4.32
	2.88
	2.88
	4.32
	2.88
	2.88
	4.32
	4.32
	4.32

	10
	5.4
	5.76
	6.12
	6.12
	6.12
	4.68
	4.68
	4.32
	5.4
	5.4
	4.68
	4.32

	
	4.39
	4.79
	5.33
	4.9
	3.85
	3.46
	4.28
	3.38
	3.53
	4.79
	4.61
	4.46




Sun shine of Nekemte Metreological Station

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

	SUNHRS
	1994
	8.4
	
	
	
	5.9
	3.9
	
	
	5.3
	
	8.0
	9.9

	SUNHRS
	1995
	
	8.0
	
	
	
	
	
	
	
	
	
	

	SUNHRS
	1996
	8.0
	8.9
	
	
	
	
	3.5
	3.1
	5.1
	7.7
	7.8
	8.0

	SUNHRS
	1997
	8.1
	9.6
	7.8
	6.7
	6.5
	4.8
	3.4
	3.8
	6.8
	7.0
	6.6
	8.8

	SUNHRS
	1998
	8.5
	8.1
	6.7
	8.5
	6.9
	6.0
	3.0
	3.2
	4.1
	5.0
	8.4
	9.9

	SUNHRS
	1999
	9.1
	9.5
	9.7
	7.5
	6.8
	6.3
	2.3
	3.3
	5.6
	5.2
	9.4
	8.6

	SUNHRS
	2000
	9.2
	9.6
	9.2
	5.6
	
	
	
	
	4.9
	5.8
	
	8.9

	SUNHRS
	2002
	
	
	7.8
	8.8
	8.0
	5.1
	4.2
	
	6.3
	7.5
	8.7
	8.4

	SUNHRS
	2003
	9.0
	8.4
	7.4
	8.0
	9.0
	4.3
	2.4
	
	4.5
	8.3
	8.8
	9.2

	SUNHRS
	2004
	9.1
	9.2
	7.8
	6.8
	8.1
	4.5
	
	
	4.3
	7.0
	8.4
	8.4

	SUNHRS
	2005
	8.9
	
	8.5
	7.8
	7.9
	4.8
	3.4
	4.3
	4.2
	7.2
	8.5
	9.5

	SUNHRS
	2006
	9.4
	9.3
	7.9
	7.7
	6.3
	4.9
	2.8
	2.6
	4.1
	6.7
	8.0
	8.8

	SUNHRS
	2007
	9.0
	7.8
	8.7
	7.5
	6.5
	4.1
	2.3
	2.6
	4.1
	8.2
	9.0
	9.2

	SUNHRS
	2009
	8.3
	8.1
	8.6
	8.0
	8.6
	6.8
	3.3
	2.9
	4.3
	6.3
	8.8
	7.5

	SUNHRS
	2010
	8.3
	7.0
	7.5
	6.8
	4.7
	4.6
	2.4
	2.2
	3.5
	6.1
	6.7
	6.9

	SUNHRS
	2011
	8.0
	8.5
	7.3
	7.9
	6.2
	4.4
	3.9
	2.7
	3.9
	7.4
	7.5
	8.4

	SUNHRS
	2012
	9.1
	9.0
	8.0
	8.0
	
	
	2.7
	3.3
	3.1
	6.7
	7.2
	7.9

	SUNHRS
	2014
	
	
	
	
	
	
	
	
	
	
	7.5
	

	SUNHRS
	2010
	8.1
	5.9
	6.7
	6.6
	6.0
	5.7
	4.1
	2.6
	5.5
	8.8
	7.1
	7.1

	SUNHRS
	2011
	7.2
	
	6.8
	8.0
	
	
	
	
	
	9.2
	7.6
	8.8

	SUNHRS
	2012
	
	
	
	7.4
	8.0
	5.2
	3.4
	5.2
	
	
	
	

	SUNHRS
	2013
	8.6
	
	
	
	
	
	
	
	
	
	
	8.9

	SUNHRS
	2014
	7.4
	8.3
	8.3
	
	8.0
	7.3
	3.6
	
	
	
	
	

	
	Average 
	8.5
	8.5
	7.9
	7.5
	7.1
	5.2
	3.2
	3.2
	4.7
	7.1
	8.0
	8.6









[bookmark: _Toc400608972][bookmark: _Toc401670733]Crop Water Requirement of Maize

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

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

	Nov
	2
	Init
	0.4
	1.77
	10.6
	2.4
	8.6

	Nov
	3
	Init
	0.4
	1.82
	18.2
	2.7
	15.6

	Dec
	1
	Deve
	0.4
	1.89
	18.9
	0.1
	18.7

	Dec
	2
	Deve
	0.52
	2.5
	25
	0
	25

	Dec
	3
	Deve
	0.71
	3.52
	38.7
	0
	38.7

	Jan
	1
	Deve
	0.9
	4.59
	45.9
	0
	45.9

	Jan
	2
	Deve
	1.08
	5.68
	56.8
	0
	56.8

	Jan
	3
	Mid
	1.21
	6.78
	74.6
	0
	74.6

	Feb
	1
	Mid
	1.21
	7.22
	72.2
	0
	72.2

	Feb
	2
	Mid
	1.21
	7.63
	76.3
	0
	76.3

	Feb
	3
	Mid
	1.21
	7.69
	61.6
	0.1
	61.4

	Mar
	1
	Mid
	1.21
	7.76
	77.6
	3.5
	74

	Mar
	2
	Late
	1.2
	7.72
	77.2
	5.3
	71.9

	Mar
	3
	Late
	1.12
	6.97
	76.7
	9.4
	67.3

	Apr
	1
	Late
	1.04
	6.24
	62.4
	10.4
	52

	Apr
	2
	Late
	0.97
	5.56
	55.6
	12.5
	43.1

	Apr
	3
	Late
	0.92
	4.87
	14.6
	9
	0

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	862.7
	55.4
	802.1



Crop Water Requirement of Potato

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

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

	Dec
	1
	Init
	0.45
	2.11
	21.1
	0.1
	21

	Dec
	2
	Init
	0.45
	2.17
	21.7
	0
	21.7

	Dec
	3
	Deve
	0.5
	2.47
	27.2
	0
	27.2

	Jan
	1
	Deve
	0.73
	3.73
	37.3
	0
	37.3

	Jan
	2
	Deve
	0.97
	5.11
	51.1
	0
	51.1

	Jan
	3
	Mid
	1.16
	6.52
	71.8
	0
	71.8

	Feb
	1
	Mid
	1.17
	7
	70
	0
	70

	Feb
	2
	Mid
	1.17
	7.4
	74
	0
	74

	Feb
	3
	Late
	1.16
	7.35
	58.8
	0.1
	58.6

	Mar
	1
	Late
	1.07
	6.88
	68.8
	3.5
	65.3

	Mar
	2
	Late
	1
	6.47
	32.4
	2.6
	29.7

	 
	 
	 
	 
	 
	534.1
	6.4
	527.7





Crop Water Requirement of Tomato 

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

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

	Dec
	1
	Init
	0.45
	2.11
	12.7
	0.1
	12.6

	Dec
	2
	Init
	0.45
	2.17
	21.7
	0
	21.7

	Dec
	3
	Deve
	0.46
	2.27
	25
	0
	25

	Jan
	1
	Deve
	0.63
	3.24
	32.4
	0
	32.4

	Jan
	2
	Deve
	0.87
	4.62
	46.2
	0
	46.2

	Jan
	3
	Mid
	1.12
	6.27
	69
	0
	69

	Feb
	1
	Mid
	1.18
	7.02
	70.2
	0
	70.2

	Feb
	2
	Mid
	1.18
	7.43
	74.3
	0
	74.3

	Feb
	3
	Mid
	1.18
	7.49
	59.9
	0.1
	59.8

	Mar
	1
	Late
	1.18
	7.54
	75.4
	3.5
	71.8

	Mar
	2
	Late
	1.1
	7.11
	71.1
	5.3
	65.8

	Mar
	3
	Late
	0.98
	6.09
	66.9
	9.4
	57.6

	Apr
	1
	Late
	0.9
	5.36
	16.1
	3.1
	10.9

	 
	 
	 
	 
	 
	640.9
	21.5
	617.3



Crop Water Requirement of Pepper 

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

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

	Dec
	1
	Init
	0.35
	1.64
	1.6
	0
	1.6

	Dec
	2
	Init
	0.35
	1.69
	16.9
	0
	16.9

	Dec
	3
	Init
	0.35
	1.74
	19.2
	0
	19.2

	Jan
	1
	Deve
	0.36
	1.83
	18.3
	0
	18.3

	Jan
	2
	Deve
	0.53
	2.82
	28.2
	0
	28.2

	Jan
	3
	Deve
	0.79
	4.45
	48.9
	0
	48.9

	Feb
	1
	Mid
	1.03
	6.16
	61.6
	0
	61.6

	Feb
	2
	Mid
	1.09
	6.84
	68.4
	0
	68.4

	Feb
	3
	Mid
	1.09
	6.9
	55.2
	0.1
	55

	Mar
	1
	Mid
	1.09
	6.95
	69.5
	3.5
	66

	Mar
	2
	Late
	1.08
	7
	70
	5.3
	64.7

	Mar
	3
	Late
	1.05
	6.53
	71.8
	9.4
	62.4

	Apr
	1
	Late
	1
	5.99
	47.9
	8.3
	37.6

	 
	 
	 
	 
	 
	577.6
	26.6
	548.9







Crop Water Requirement of Haricot bean

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

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

	Dec
	1
	Init
	0.35
	1.64
	9.9
	0.1
	9.8

	Dec
	2
	Deve
	0.35
	1.7
	17
	0
	17

	Dec
	3
	Deve
	0.55
	2.73
	30.1
	0
	30.1

	Jan
	1
	Deve
	0.85
	4.35
	43.5
	0
	43.5

	Jan
	2
	Mid
	1.05
	5.56
	55.6
	0
	55.6

	Jan
	3
	Mid
	1.06
	5.97
	65.7
	0
	65.7

	Feb
	1
	Mid
	1.06
	6.33
	63.3
	0
	63.3

	Feb
	2
	Late
	1.06
	6.67
	66.7
	0
	66.7

	Feb
	3
	Late
	1.02
	6.46
	51.7
	0.1
	51.5

	Mar
	1
	Late
	0.98
	6.27
	25.1
	1.4
	23.3

	 
	 
	 
	 
	 
	428.6
	1.6
	426.6
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