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1. [bookmark: _Toc520897231]INTRODUCTION

Presently the problem of the global warming becoming the main issue of the world as well as the country which results increase in temperature and decrease in rainfall both in amount and distribution. This unreliable rainfall and desertification in turn reduce the production return from the existing limited natural resource. This problem becoming the main constraints for development and increasing agricultural production. Besides increase in population is another constraint which needs special mechanism to facilitate food availability for the rapid increasing population.

Irrigation plays an important role in the development of agricultural sector and contributes much in economy development of the country. It ensures production of high value crop, protection of crop failures due to drought, cultivation of suitable multi cropping practices in a season; maximize the value of land and farmers and increase their living standards, create job opportunity and additional income generate. 

The purpose of the agricultural component of feasibility study of Bako research center Small Scale irrigation Scheme is to investigate the present state of agriculture and to make an assessment of the prospect of irrigated agriculture in the area.

This report, therefore, deals with (i) the description of the project area in terms of location, climate, soils and topography; (ii) the present agriculture of the project area providing baseline data and background information on farming practices, where available; (iii) irrigated agriculture focusing on crop production, the crops to be grown, practices to be introduced and the problems of irrigated crop production.
2. [bookmark: _Toc352797489][bookmark: _Toc431654845][bookmark: _Toc512720190][bookmark: _Toc520897232]STUDY OBJECTIVES
The general objective of the envisaged project is to increase agricultural production through the introduction of irrigated agricultural research technologies.
[bookmark: _Toc431654846][bookmark: _Toc512720191][bookmark: _Toc520897233] Specific objectives
The specific objectives of the agricultural/agronomic study are:
· To evaluate the existing agricultural situation of the area including crops grown, the cropping pattern, farming practices.
· To investigate the suitability of soils, climate and water to irrigated agriculture;
· To estimate crop water requirements.

[bookmark: _Toc352797490][bookmark: _Toc431654847][bookmark: _Toc512720192][bookmark: _Toc520897234]3. STUDY METHODOLOGY

The methodology consists of collecting and checking existing agricultural data from Bako Agricultural center, Kebele and development agent and others. The field survey and detailed checklist that guides the agricultural survey was prepared and incorporated in the overall sectorial study components. 

Available primary and secondary data of the project area was collected during the field survey period. Primary information was gathered from various focus group discussions and individual interactions of Bako agricultural research center researchers and other farmers and development agent on the project site. In these discussions, the primary focus was on the farming environment of the area as related to the farming system, land use, food availability, crops preferred, attitudes towards irrigation development, constraints in farming practices, etc. 

[bookmark: _Toc41447370][bookmark: _Toc352797491][bookmark: _Toc431654848][bookmark: _Toc512720193][bookmark: _Toc520897235]4. DESCRIPTION OF THE SCHEME/AREA
[bookmark: _Toc41447371][bookmark: _Toc352797492][bookmark: _Toc520897236]4.1 Location
      Bako Agricultural research center is located at 258 km west of the capital Addis Ababa, 8 km away from the nearest town Bako and 4 km from highway road to Nekemte town western Ethiopia. Bako Agricultural Research center (BARC) lies between 906’N latitude and 3709’E longitude at an altitude of 1650 masl.
[bookmark: _Toc520897237]5. Vision, mission and center objectives
[bookmark: _Toc520897238]5.1 VISION: 
· BARC hopes to be the center of excellence in Agriculture Research and Technology Transfer and see improved living standard of the people in Western Oromia on sustainable base.
[bookmark: _Toc520897239]5.2 MISSION: 
· BARC contributes to the increase of agricultural production and productivity, alleviation of poverty and improvement of the overall living standard of the farming community of Oromia on sustainable bases while restoring and maintaining the natural resource base of the region by adapting, generating, multiplying, and disseminating appropriate technologies      

[bookmark: _Toc520897240]5.3 Objectives of the center
The general objective of the center are identification, prioritization of crop, livestock and natural resource production problems and planning and executing problem oriented research.  Generation of agricultural technologies and promotion to the end users. In short target of the center are:
· Increase production & productivity of crops and animal resources
· Sustainable management & utilization of natural resources 
· Enhancing  food security and food self sufficiency
[bookmark: _Toc520897241] 5.4 Core responsibilities of the center

     The center is responsible for technology generation (crop, livestock and natural resource). 
· Develop, adapt, multiply and disseminate agricultural technologies for three zones of western Oromia ( Horro-Guduru Wellega, East Wollega, Buno Bedele and some part of West Shawa and Jimma)
· Document and disseminate agricultural knowledge and information 
· Form linkage/collaborate with other regional, national and international agriculture research centers as well as higher learning institution and funding agencies 
· Maintenance multiplication and distribution of early generation of maize seed, animal feeds and livestock technology are national and regional mandate of the center 
· Build staffs & some stakeholders capacity

[bookmark: _Toc520897242]6. AREA COVERAGE AND LAND USE
BARC covers an area of 1440 hectares. Majority of the land area (66.5%) was allocated for natural and artificial forest and grazing land, 22.5% is allotted for experimental and seed multiplication, the rest 10% is for residential, research block and management office, laboratory, library and recreation centers.
[bookmark: _Toc512720194][bookmark: _Toc520897243]7. AGRO ECOLOGY 
[bookmark: _Toc512720195][bookmark: _Toc520897244]7.1 Ecology
[bookmark: _Toc512720196][bookmark: _Toc395258389]Agro-ecology is mid-altitude with high ran fall of 1238 mm year  and  hot humid weather 13.3 0C minimum and 28 0C Maximum  annum 
[bookmark: _Toc512720197][bookmark: _Toc520897245]7.2 Soil
 The texture of the soils in the study area is clay-loam. The soil type is nitosol. In general the study area has good soil depth. This indicates that soil depth is not a critical limitation for root development and soil moisture storage.
[bookmark: _Toc512720198][bookmark: _Toc520897246]7.3 Climate
Climate is the important factor determining the success or failure of agriculture. It influences agricultural operations from sowing of a crop to the harvest and particularly rain fed agriculture depends on the mercy of the weather. The crops are to be sown at the optimum period for maximum yield. In dry lands, the time of receipt of rainfall decides the sowing date. The study of climate helps to minimize the crop losses due to excess rainfall, cold/heat etc. It helps in forecasting pests and diseases, choice of crops, irrigation, and other intercultural operations through short, medium, and long-range forecasts. It helps to identify places with same climatic conditions (Agro climatic zones). This will enable to adopt suitable crop production practices based on the local climatic conditions. It also helps in the introduction of new crops and varieties, which are more productive than the native crops, and varieties.

 In this study, Bako agricultural research centre meteorological Stations are the nearest station from which the climatic data were inferred.The rainfall pattern in the project area is mono-modal and the long-term records at Bako research center indicate that the average rainfall is about 1238 mm annually. The highest rainfall records occur during July and August.  

Irrigation development would be necessary for the provision of water during the dry cropping season as well as during the early and late rainfall seasons. A summary of the average monthly rainfall, minimum temperature and maximum temperature at Bako Agricultural research center Meteorological station is presented in the table below as follows. 


[bookmark: _Toc520897278]Table 1 Meteorological Data for Crop Water Requirement Computation from Bako Agricultural Research center meteorological station 
	 
	  Rain fall
	 Air  Temp 
	   R  H
	 Evapo
	 Sun
	  Solar
	    Wind speed
 

	 
	  
	 
	(oC)
	 
	 
	 
	shine
	radiation
	    (Km/hrs) 

	Month
	    (mm)
	min
	max
	ave
	      (%)
	 (mm)
	   (hrs)
	 (cal/cm2)
	    1m
	   2m

	Jan 
	11.8
	11.3
	29.9
	20.6
	53.1
	5.22
	8.33
	524
	1.06
	2.92

	Feb
	15.72
	12.4
	30
	21.2
	49.78
	5.77
	8.26
	538.1
	1.32
	3.38

	Mar
	48.11
	14
	31.4
	22.7
	50.53
	5.81
	7.56
	529.8
	1.55
	3.69

	Apr
	62.1
	14.7
	31
	22.85
	53.07
	5.85
	7.35
	518.8
	1.66
	3.68

	May
	143.32
	14.8
	28.9
	21.85
	61.58
	4.79
	6.85
	507.3
	1.61
	3.64

	June
	221.24
	14.6
	26
	20.3
	69.29
	3.93
	5.55
	470.5
	1.24
	3.08

	July
	253.1
	14.6
	25.5
	20.05
	74.45
	3
	3.5
	402.1
	0.79
	2.49

	Aug
	231.89
	14.5
	24.8
	19.65
	75.09
	3.08
	3.44
	419.9
	0.65
	2.1

	Sept
	142.61
	14.1
	26.3
	20.2
	72.98
	3.56
	4.83
	466
	0.62
	2.07

	Oct
	69.71
	12.9
	28.6
	20.75
	64.62
	4.16
	7.66
	520.4
	0.64
	2.07

	Nov
	26.29
	11.4
	29.8
	20.6
	59.97
	4.8
	8.52
	532.1
	0.79
	2.27

	Dec
	13.49
	10.6
	30.1
	20.35
	56.07
	5.07
	8.66
	634.1
	0.9
	2.46

	 Total
	1239.38
	159.9
	342.3
	251.1
	740.53
	55.04
	80.5
	6063.1
	12.83
	33.85

	  Mean
	x
	13.9
	28.6
	21.25
	61.71
	x
	6.71
	505.3
	1.1
	2.82


[bookmark: _Toc395174524]
Monthly Weather Data Summery     Year 2017, Lat   09 06’ N   Alt   1650 M.a.sl
Long.   37o 09’ E    Lat.    09o 06' N    Alt.   1650m

[bookmark: _Toc512720199][bookmark: _Toc520897247]7.4 Length of growing period (LGP)

Length of Growing Period (LGP) is a part of a year during which the moisture supply from precipitation (P) and soil water storage (S) and the temperature are adequate for crop growth and development (Goebel and Odenyo, 1984). Generally the LGP is determined as the period extending from the time when rain fall [RF] is equal or greater than half the Potential Evapo transpiration (PET) at the beginning of the rainy season (Cocheme, 1967).

Length of Growing Period in and around the project area is depicted as follows, full irrigation is proposed starting from Mid-October (dry period), and supplementary irrigation is proposed starting from Mid-April up to mid-October. 

[bookmark: _Toc520897248]7.5 Local growing season Bako agricultural research area
[image: ]

[bookmark: _Toc395174527][bookmark: _Toc512720200][bookmark: _Toc520897249]7.6. Water Resources
The water source for the proposed project is Gibe River. According to the Hydrology study result, the overall discharge estimated is 415 l/sec .Method of abstraction type is pump irrigation.

[bookmark: _Toc520897250]8. EXISTING AGRICULTUR
Agriculture is the principal occupation of the population of Sombo kejo kebele. The farming system is cereal dominant, oxen cultivation and mixed farming where livestock production is under taken complimentary to crop production. Cattle/oxen are kept mainly for drought power and milk production. Farming is mainly subsistence and crop production is predominantly carried out under rain fed condition. 

There is no clear pattern of crop rotation system practiced by the farmers. However, the presence of pulses and other non-cereal crops in the cropping pattern serves in maintaining soil fertility and checking various pest problems associated with single/mono cropping. Fallowing is seldom practised as a result of shortage of land per household.
8.1 [bookmark: _Toc395258397][bookmark: _Toc512720201][bookmark: _Toc520897251] Existing Irrigation practices 
Irrigation is traditionally practiced in the kebbele around the project area. However, the practice is rudimentary and is limited to supplementary irrigation in the low-lying areas. There are also modern irrigation schemes in the kebele (1 irrigation projects). According to the kebele Agricultural experts, most of these schemes have not been fully utilized by the beneficiaries due to lack of interest to cultivate land all year round and due to maintenance problem. Crops grown in the irrigated plots are vegetables and other crops. In this kebele, vegetables are both grown by rain fed during rainy season and by irrigation during dry months.  Around the proposed irrigation project, similar vegetables were grown. 
The estimated area under traditional irrigation around the proposed command area is indicated on the Table below. 

[bookmark: _Toc520897279]Table 2 Existing crop production in Sombo kejo kebele in 2017 production year by modern irrigation (Gravity) methods.
 
	Types of crops
	Area
	Production
	Yield /ha
	Remark

	Maize
	4.5
	337.5
	75
	

	Potato
	15.5
	4650
	300
	

	Tomato
	58
	10440
	180
	

	Head cabbage
	23
	4025
	175
	

	Sugar cane
	2
	296
	146
	

	Total
	103
	19748.5
	
	


Source: Sombo Kejo kebele Dvelopment Agent office


[bookmark: _Toc520897280]Table 3 Existing crop production in Sombo kejo kebele in 2017 production year by Pump irrigation methods
 
	Types of crops
	Area
	Production
	Yield /ha
	Remark

	Potato
	6
	1800
	300
	

	Tomato
	1.5
	270
	180
	

	cabbage
	14.5
	2537.5
	175
	

	Total
	22
	4607.5
	
	


Source: Sombo Kejo kebele Development Agent office

[bookmark: _Toc520897281]Table 4 Existing crop production in Sombo kejo kebele in 2017 production year by Shallow well irrigation methods
	 Types of crops
	Area
	Production
	Yield /ha
	Remark

	Cabbage
	1
	175
	175
	

	Pepper
	0.25
	7.5
	30
	

	Banana
	0.38
	61.94
	163
	

	Coffee
	1.5
	7.5
	5
	

	Total
	3.13
	251.94
	
	


Source: Sombo Kejo kebele Development Agent office

[bookmark: _Toc520897282]Table 5 existing crop production in Sombo kejo kebele in 2017 production year by Rain fed agriculture
	Types of crops
	Area
	Production
	Yield /ha
	Remark

	Maize
	682
	
43648
	64
	

	sorghum
	91.3
	2556.4
	28
	

	Teff
	307
	921
	3
	

	Finger milet
	159
	318
	2
	

	Barly
	1
	8
	8
	

	Wheat
	1
	10
	10
	

	Noug
	99
	495
	5
	

	fababean
	3
	21
	7
	

	Haricot bean
	7.5
	52.5
	7
	

	Pea
	2
	4
	2
	

	Total
	1352.8
	48033.9
	
	



Source: Sombo Kejo kebele Dvelopment Agent office

[bookmark: _Toc520897252]9. CROPS UNDER ON GOING RESEARCH AT BAKO AGRICULTURAL RESEARCH CENTER

As of information gathered from Bako agricultural research center especially from crop research generation process there are on ongoing research. Which are organized under four research teams:
i) cereal crops
ii) pulse crops and oil crops
iii) horticultural crops
iv) Crop technology multiplication also in this research center there is national maize  research
A) Ongoing research Under horticultural crops team crops under are  
i) Tomato, pepper, Avocado Mango, Banana
B) Cereal crop research team
 Sorghum and millet
[bookmark: _Toc512720202][bookmark: _Toc395174541][bookmark: _Toc520897253]10. Major crop production constraints
The major crop production constraints 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. 
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, early blight, late blight, powdery mildew, Tomato mosaic viruses, Downy mildew, , Anthracnose. In addition to the reduction of yield, diseases reduce the quality of products and reduce its physiological beautifulness.
2. Pests
The major insect pests which cause yield reduction around the project area are, cut worm, Grasshoppers, Teff shoot fly, African boll worm, Weevils, Armyworm, African bollworm and Rats. Different pesticides are used to control these insect pests. Diaznone is used to control Aphids, Boll worm, cut worm, Grasshoppers, , and Teff shoot fly, and sumithione are used to control African boll worm, Aluminum phosphate is used to control Weevils, Malathione and sumtihione were used to control Armyworm, Zinc phosphate is used to control Rats.
                                 3 Weeds
 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 in and around the project area are, cynodondactylon, Striga, etc. Hand weeding and chemical control Were used in the area to control weeds.

[bookmark: _Toc520897254]11. FUTURE PROPOSED AGRICULTURE UNDER IRRIGATION SYSTEM
     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;
 Considering crops under ongoing research.
Based on these conditions of the project area, the following crops are proposed for the project. These are 
· Tomato,
· Pepper.
· Maize
· Sorghum
· Millet
· Banana
· Avocado
· Mango.
These crops are adaptable to the given agro-climatic condition of the command area of the project and under ongoing research. The command area has an altitude of 1650 m.a.s.l and the maximum rainfall of the command area is 1238mm/year.  

[bookmark: _Toc520897255]11.1 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: _Toc512720203][bookmark: _Toc520897256]11.2 Proposed Cropping Pattern and Intensity
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.
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.

[bookmark: _Toc41447390][bookmark: _Toc395258407][bookmark: _Toc520897257]11.3 Proposed Crop Production and Yield

Estimates of production and yield of individual crops are based on the potential of the crop, implementation of improved cultural practices including input use and efficient irrigation management. Improvements of the farming system would be achieved through the introduction of improved locally adapted varieties, improved land preparation and soil fertility maintenance techniques and the use of environmentally sound methods of crop protection. Many of the crops proposed in this project have been successfully grown in the region and farmers do have certain experience in growing these crops. The initial yield estimates of the proposed crops are very much closer to the current production performance in the area as well as in the country. Subsequent yields are assumed to increase steadily as improvements in cultural practices including irrigation management are adapted by the beneficiaries. 

[bookmark: _Toc520897283]Table 6 Potential and actual average yield of proposed crops for the project
	 SN
	Crop
	Actual average yield
Per hectare at farmers level
	Remark

	1
	Tomato
	240
	

	2
	Pepper
	20
	

	3
	Maize
	90
	

	4
	Sorghum
	35
	

	5
	Millet
	20
	

	6
	Banana
	170
	

	7
	Avocado
	190
	

	8
	Mango
	2oo
	


Source: Directory of released crop variety by Ethiopian Agricultural research, 2004, Finfinnee for Potential average yield per hectare and Interview of beneficiaries from command area and Wereda agricultural office annual report for actual average yield per hectare
[bookmark: _Toc395258634]
[bookmark: _Toc520897284]Table 7 Yield build-up pattern and annual production of the project
	Crop 
	items
	Year 0
	Production period

	
	
	
	1st year
	2nd year
	3rd year
	4th year
	5th year

	tomato
 
 
	Yield, qt/ha
	240
	245
	255
	270
	290
	320

	
	Area, ha
	
	35
	35
	33
	33
	35

	
	Prod,( qt)
	
	8575
	8925
	8910
	9570
	11200

	pepper
 
 
	Yield, qt/ha
	20
	25
	35
	50
	60
	65

	
	Area, ha
	
	30
	30
	32
	32
	30

	
	Prod, (qt)
	
	750
	1050
	1600
	1920
	1950

	maize
 
 
	Yield, qt/ha
	90
	95
	100
	110
	120
	130

	
	Area, ha
	 
	25
	25
	24
	23
	25

	
	Prod,( qt)
	 
	2375
	2500
	2640
	2760
	3250

	Sorghum
	Yield, qt/ha
	35
	40
	45
	50
	55
	60

	
	Area (ha)
	
	18
	18
	19
	20
	18

	
	Production(qt)
	
	720
	810
	950
	1100
	1080

	millet
	Yield/ha
	20
	25
	25
	30
	35
	40

	
	Area(ha)
	
	15
	15
	15
	15
	15

	
	Production (qt)
	
	375
	375
	450
	525
	600

	Banana
	Yield/ha
	170
	175
	180
	190
	210
	240

	
	Area(ha)
	
	9
	9
	9
	9
	9

	
	Production(qt)
	
	1575
	1620
	1710
	1890
	2160

	Avocado
	Yield/ha
	190
	195
	200
	220
	240
	270

	
	Area (ha)
	
	9
	9
	9
	9
	9

	
	Production(qt)
	
	1755
	1800
	1980
	2160
	2430

	Mango
	Yield/ha
	200
	205
	215
	235
	255
	285

	
	Area(ha)
	
	9
	9
	9
	9
	9

	
	Production/ha
	
	1845
	1935
	2115
	2295
	2565


[bookmark: _Toc512720204][bookmark: _Toc520897258]11.4 Agricultural Inputs and Supporting Services

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, all these factors will be conducted by researchers since the project will be implemented on the research center. I bypassed some agronomic practices, input requirement, agricultural services, variety selection .Ruther I focused on crop water requirement and water management practices for the recommended crops. 
 
[bookmark: _Toc520897259]11.5 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.

[bookmark: _Toc520897285]Table 8 Summary of cropping calendar for the proposed crops
	Crop
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Tomato
	
	
	
	2nd phase
	
	
	
	
	1st phase

	Pepper
	
	
	
	
	
	
	
	
	
	
	
	
	

	Maize
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sorghum
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Millet
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Banana
	
	
	
	
	
	
	
	
	
	
	
	

	Avocado
	
	
	
	
	
	
	
	
	
	
	
	

	Mango
	
	
	
	
	
	
	
	
	
	
	
	



The intended small scale irrigation practices would be actualized when proper nursery management is effectively carried out .Besides, other agronomic practices such as pre planting operations, sowing, fertilizer application, weeding, irrigation application ,pest control, harvesting and transportation of the products should be properly managed. To execute these activities, availability and mobilization of sufficient labour force at each stage of the required task is vital. It is observed that there is no shortage of unskilled labour in the area and therefore, sufficient amount of man-days has been proposed as indicated on table below.

[bookmark: _Toc405292759][bookmark: _Toc520897260]11.6 INPUT REQUIREMENTS
Crops’ input requirements in terms of labor, draft power, seeds, fertilizers and agro-chemicals have been estimated based on current practices in the country. Adequate and timely supply of inputs, particularly improved seeds and fertilizers, is very important to the sustainability and productivity of the project. The full application or use of this inputs may not be attainable during the early years of the project life but should be implemented in a gradual manner through vigorous extension work, farmers’ active participation, on- farm demonstrations and trials.   

While the available labor of a household may be adequate for the conventional rain fed farming system, introduction of irrigation during the dry season requires increased work force and will exert higher demand on family labor. Consequently, it will not be possible for a family of average size to manage more than 0.5ha of irrigated cropland. Thus, farmers having more than 0.5ha of land in the command area may be forced to either lease out or shar ecrop the extra area of land to others. Tables- below, present estimates of input requirements of the project. (Refer Annex part)

[bookmark: _Toc512720206][bookmark: _Toc520897261]12. 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.

	ETcr = ETo x Kc
12.1 [bookmark: _Toc512720207][bookmark: _Toc520897262] 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: _Toc520897286]Table 9 Monthly ETo of Bako agricultural research center Project
	Month
	Min Temp
	Max Temp
	Humidity
	Wind
	Sun
	Rad
	ETo

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

	January
	11.3
	29.9
	53
	25
	8.3
	19.8
	3.46

	February
	12.4
	30
	50
	32
	8.3
	21
	3.81

	March
	14
	31.4
	51
	37
	7.6
	21
	4.11

	April
	14.7
	31
	53
	40
	7.3
	20.8
	4.19

	May
	14.8
	28.9
	62
	39
	6.8
	19.5
	3.92

	June
	14.6
	26
	69
	30
	5.5
	17.2
	3.35

	July
	14.6
	25.5
	74
	19
	3.5
	14.4
	2.84

	August
	14.5
	24.8
	75
	16
	3.4
	14.5
	2.83

	September
	14.1
	26.3
	73
	15
	4.8
	16.6
	3.15

	October
	12.9
	28.6
	65
	15
	7.7
	20.3
	3.67

	November
	11.4
	29.8
	60
	19
	8.5
	20.3
	3.56

	December
	10.6
	30.1
	56
	22
	8.7
	19.8
	3.41

	Average
	13.3
	28.5
	62
	26
	6.7
	18.8
	3.52



There are four main growing stages of a crop during its growth period where water requirements vary i.e. the seasonal use of water by plants is determined by their stage of growing.
1. The initial stage: germination and early crop growth, where the ground cover is less than 10%.
2. Crop development stage: from the end of initial stage to full ground cover usually between 70-80% of the land surface.
3. Mid-season stage: from the attainment of full ground cover to the start of maturity indicated by leaf senescence or loss.
4. Late season stage: from the end of the mid-season stage until harvest.
During the vegetative stage, consumptive use continues to increase. Flowering occurs near and the peak of consumptive use of water. The fruiting stage is accompanied by a decrease in consumptive use until the transpiration essentially ceases during the latter part or the formation of dry fruits.
The growing stages of the proposed crops for the project are shown on the table below.










[bookmark: _Toc520897287]Table 10 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
	Tomato
	30
	40
	40
	25
	135

	2
	Pepper 
	30
	40
	45
	25
	140

	3
	Maize 
	20
		45
	60
	35
	160

	4
	Sorghum 
	20
	30
	40
	30
	120

	5
	Millet 
	15
	25
	40
	25
	105

	6
	Banana 
	90
	165
	45
	30
	330

	7
	Avocado
	60
	90
	120
	95
	365

	8
	Mango
	90
	90
	90
	95
	365



12.2 [bookmark: _Toc512720208][bookmark: _Toc520897263] 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: _Toc520897288]Table 11 Crop coefficients (kc) for the proposed crops
	No
	Types of crop
	Crop coefficient in growing stages

	
	
	Initial
	Development
	Mid
	Late

	1
	Tomato
	0.45
	
	1.15
	0.9

	2
	Pepper
	0.35
	
	1.0
	0.9

	3
	Maize
	0.40
	---
	1.1
	0.9

	  4
	Millet
	0.3
	
	1.0
	0.3

	5
	sorghum
	0.35
	
	1.1
	0.8

	6
	Banana
	0.45
	
	1.1
	0.95

	7
	Avocado
	0.7
	
	0.65
	0.7

	8
	Mango
	0.9
	
	1.1
	0.9



12.3 [bookmark: _Toc512720209][bookmark: _Toc520897264] 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 untimeliness, 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 

Where; Peff = effective rain fall
           P= total rainfall in a month (mm per month)

The calculated effective rainfall of the Bako research center meteorological station, which is the nearest station to the project area both in distance and in elevation, is illustrated on the table below.

Table 12 Effective Rain Fall of the Project Area
	 Months
	Rain(mm)
	Effective  rain fall

	January
	11.8
	0

	February
	15.7
	0

	March
	48.1
	18.9

	April
	62.1
	27.3

	May
	143.3
	90.6

	June
	221.2
	153

	July
	253.1
	178.5

	August
	231.9
	161.5

	September
	142.6
	90.1

	October
	69.7
	31.8

	November
	26.3
	5.8

	December
	13.5
	0

	Total
	1239.3
	757.4



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.
12.4 [bookmark: _Toc512720210][bookmark: _Toc520897265] Irrigation Efficiency (E)
There are different types of irrigation efficiencies of irrigation projects. These are described as follows.
12.4.1 [bookmark: _Toc512720211][bookmark: _Toc520897266] Water application efficiency (Ea)
It is the percentage of applied irrigation water stored in the soil and available for consumptive use by the crop. Field losses consist of surface run off and deep percolation. The purpose of irrigation is to replenish the available moisture in the root zone depleted by evapotranspiration. The application of the least amount of water required to bring the root zone moisture content up to field capacity is considered as efficient irrigation. If on the other hand, the amount of water applied grossly exceeds that actually needed for replenishment; the irrigator application efficiency is very low.

Water required to bring soil to FC level
Application efficiency (Ea) =Water received at field inlet	x 100

Conveyance efficiency (Ec)
Water received at inlet to a block of fields
                      E =   Water released at project head works	  x100  

Primary factors affecting conveyance losses are management aspects, which cause fluctuations in the supply as well as physical factors such as seepage losses through canal banks and canal outlets.
12.4.2 [bookmark: _Toc512720212][bookmark: _Toc520897267] Project efficiency (Ep)
                Water made directly available to the crop
Ep = water released at head works       x100

The overall project efficiency represents the efficiency of the entire operation between diversion of source of flow and the crop zone. Water delivery system improvements and farm irrigation improvements would significantly improve the ability of the farmer to apply more uniform and efficient irrigation. Thus, for the project the proposed irrigation efficiency is 50%.
12.5 [bookmark: _Toc512720213][bookmark: _Toc520897268] Net and Gross Irrigation Requirements
12.5.1 [bookmark: _Toc512720214][bookmark: _Toc520897269]Net 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
12.5.2 [bookmark: _Toc512720215][bookmark: _Toc520897270]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.

12.6 [bookmark: _Toc512720216][bookmark: _Toc520897271]   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 net irrigation requirement is divided by project efficiency (50%) to obtain the gross water requirement. The proposed irrigation hour for the project is 12-hour irrigation.  Therefore, the scheme supply of the project is 1.72 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.

Irrigation Agronomy of Bako SSIP
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[bookmark: _Toc520897289]Table 12 Scheme supply
	 
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Precipitation deficit
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1. Tomato            
	121.3
	118.9
	50.1
	0
	0
	0
	0
	0
	0
	0
	42.2
	7

	2. Pepper            
	105.1
	104.8
	63.8
	0
	0
	0
	0
	0
	0
	0
	31.5
	64.2

	3. Maize             
	117.1
	115.1
	110
	27.4
	0
	0
	0
	0
	0
	0
	39.8
	84.4

	4. Millet            
	106.7
	48.7
	0
	0
	0
	0
	0
	0
	0
	0
	22.7
	89

	5. Sorghum           
	118
	106.6
	25.2
	0
	0
	0
	0
	0
	0
	0
	24.5
	81.4

	6. Banana            
	48.8
	53.6
	57.7
	60.5
	9.1
	0
	0
	0
	5.9
	0
	42.2
	47.8

	7. Avocado           
	73.4
	67.7
	57.1
	45
	0.1
	0
	0
	0
	0
	36.8
	68.8
	74.4

	8. Mango             
	97.6
	98.6
	105.2
	101
	36.1
	0
	0
	0
	8.2
	66.7
	90.2
	95.7

	Net scheme irr.req.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	in mm/day
	3.5
	3.7
	2
	0.5
	0.1
	0
	0
	0
	0
	0.2
	1.3
	2.4

	in mm/month
	108.4
	103.2
	61
	14.4
	2.3
	0
	0
	0
	0.7
	5.2
	40.1
	75.3

	in l/s/ha
	0.4
	0.43
	0.23
	0.06
	0.01
	0
	0
	0
	0
	0.02
	0.15
	0.28

	Irrigated area(% of total area)
	100
	100
	95
	30
	15
	0
	0
	0
	10
	10
	100
	100

	Irr.req. for actual area
(l/s/ha)
	0.4
	0.43
	0.24
	0.19
	0.06
	0
	0
	0
	0.03
	0.19
	0.15
	0.28

	efficiency`
	50%
	50%
	50%
	50%
	50%
	            0
	         0
	            0
	50%
	50%
	50%
	50%

	Irr.req. with efficiency
	0.8
	0.86
	0.48
	0.38
	0.12
	            0
	        0
	           0
	0.06
	0.38
	0.3
	0.56

	Proposed irri.hr
	12
	12
	12
	12
	12
	            0
	        0
	           0
	12
	12
	12
	12

	Irri..requirement for12 hrs.(l/s/ha)
	1.6
	1.72
	0.96
	0.76
	0.24
	           0
	         0
	           0
	0.12
	0.76
	0.6
	1.12






[bookmark: _Toc512720217][bookmark: _Toc520897272]Appendices 
[bookmark: _Toc520897273]Appendix 1: Crop water requirement estimation for 8 individual crops
i. Crop Water requirement of Tomato
	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

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

	Nov
	1
	Init
	0.45
	1.62
	16.2
	4.2
	12

	Nov
	2
	Init
	0.45
	1.6
	16
	1
	15

	Nov
	3
	Init
	0.45
	1.58
	15.8
	0.7
	15.1

	Dec
	1
	Deve
	0.54
	1.89
	18.9
	0.1
	18.7

	Dec
	2
	Deve
	0.72
	2.45
	24.5
	0
	24.5

	Dec
	3
	Deve
	0.9
	3.08
	33.9
	0
	33.9

	Jan
	1
	Mid
	1.08
	3.71
	37.1
	0
	37.1

	Jan
	2
	Mid
	1.14
	3.94
	39.4
	0
	39.4

	Jan
	3
	Mid
	1.14
	4.08
	44.8
	0
	44.8

	Feb
	1
	Mid
	1.14
	4.21
	42.1
	0
	42.1

	Feb
	2
	Late
	1.14
	4.33
	43.3
	0
	43.3

	Feb
	3
	Late
	1.07
	4.2
	33.6
	0.1
	33.4

	Mar
	1
	Late
	0.98
	3.94
	39.4
	4.5
	34.9

	Mar
	2
	Late
	0.91
	3.72
	18.6
	3.4
	15.2

	 
	 
	 
	 
	 
	423.5
	14
	409.6



ii. Crop Water requirement of pepper
	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

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

	Nov
	1
	Init
	0.35
	1.26
	12.6
	4.2
	8.4

	Nov
	2
	Init
	0.35
	1.25
	12.5
	1
	11.5

	Nov
	3
	Init
	0.35
	1.23
	12.3
	0.7
	11.6

	Dec
	1
	Deve
	0.44
	1.52
	15.2
	0.1
	15

	Dec
	2
	Deve
	0.6
	2.04
	20.4
	0
	20.4

	Dec
	3
	Deve
	0.76
	2.62
	28.8
	0
	28.8

	Jan
	1
	Mid
	0.93
	3.21
	32.1
	0
	32.1

	Jan
	2
	Mid
	0.99
	3.42
	34.2
	0
	34.2

	Jan
	3
	Mid
	0.99
	3.54
	38.9
	0
	38.9

	Feb
	1
	Mid
	0.99
	3.65
	36.5
	0
	36.5

	Feb
	2
	Mid
	0.99
	3.77
	37.7
	0
	37.7

	Feb
	3
	Late
	0.98
	3.84
	30.7
	0.1
	30.5

	Mar
	1
	Late
	0.95
	3.79
	37.9
	4.5
	33.4

	Mar
	2
	Late
	0.9
	3.71
	37.1
	6.7
	30.4

	 
	 
	 
	 
	 
	386.8
	17.3
	369.5



iii. . 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
	1
	Init
	0.4
	1.44
	14.4
	4.2
	10.2

	Nov
	2
	Init
	0.4
	1.42
	14.2
	1
	13.3

	Nov
	3
	Deve
	0.48
	1.7
	17
	0.7
	16.3

	Dec
	1
	Deve
	0.64
	2.2
	22
	0.1
	21.9

	Dec
	2
	Deve
	0.79
	2.69
	26.9
	0
	26.9

	Dec
	3
	Deve
	0.95
	3.25
	35.7
	0
	35.7

	Jan
	1
	Mid
	1.07
	3.7
	37
	0
	37

	Jan
	2
	Mid
	1.08
	3.75
	37.5
	0
	37.5

	Jan
	3
	Mid
	1.08
	3.88
	42.6
	0
	42.6

	Feb
	1
	Mid
	1.08
	4.01
	40.1
	0
	40.1

	Feb
	2
	Mid
	1.08
	4.13
	41.3
	0
	41.3

	Feb
	3
	Mid
	1.08
	4.24
	33.9
	0.1
	33.8

	Mar
	1
	Late
	1.07
	4.31
	43.1
	4.5
	38.6

	Mar
	2
	Late
	1.02
	4.2
	42
	6.7
	35.2

	Mar
	3
	Late
	0.96
	3.97
	43.7
	7.5
	36.2

	Apr
	1
	Late
	0.9
	3.76
	33.8
	5.8
	27.4

	 
	 
	 
	 
	 
	525.2
	30.6
	493.9



iv. Crop Water requirement of millet
	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

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

	Nov
	1
	Init
	0.3
	1.08
	1.1
	0.4
	1.1

	Nov
	2
	Init
	0.3
	1.07
	10.7
	1
	9.7

	Nov
	3
	Deve
	0.36
	1.26
	12.6
	0.7
	11.9

	Dec
	1
	Deve
	0.62
	2.14
	21.4
	0.1
	21.2

	Dec
	2
	Mid
	0.89
	3.04
	30.4
	0
	30.4

	Dec
	3
	Mid
	0.99
	3.39
	37.3
	0
	37.3

	Jan
	1
	Mid
	0.99
	3.41
	34.1
	0
	34.1

	Jan
	2
	Mid
	0.99
	3.42
	34.2
	0
	34.2

	Jan
	3
	Late
	0.97
	3.48
	38.3
	0
	38.3

	Feb
	1
	Late
	0.75
	2.79
	27.9
	0
	27.9

	Feb
	2
	Late
	0.48
	1.83
	18.3
	0
	18.3

	Feb
	3
	Late
	0.31
	1.23
	2.5
	0
	2.5

	 
	 
	 
	 
	 
	268.6
	2.2
	266.8




v. crop Water requirement of sorghum
	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

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

	Nov
	1
	Init
	0.35
	1.26
	1.3
	0.4
	1.3

	Nov
	2
	Init
	0.35
	1.25
	12.5
	1
	11.5

	Nov
	3
	Deve
	0.35
	1.24
	12.4
	0.7
	11.7

	Dec
	1
	Deve
	0.51
	1.76
	17.6
	0.1
	17.5

	Dec
	2
	Deve
	0.76
	2.58
	25.8
	0
	25.8

	Dec
	3
	Mid
	1.01
	3.45
	38
	0
	38

	Jan
	1
	Mid
	1.09
	3.74
	37.4
	0
	37.4

	Jan
	2
	Mid
	1.09
	3.76
	37.6
	0
	37.6

	Jan
	3
	Mid
	1.09
	3.89
	42.8
	0
	42.8

	Feb
	1
	Late
	1.08
	4
	40
	0
	40

	Feb
	2
	Late
	1
	3.82
	38.2
	0
	38.2

	Feb
	3
	Late
	0.91
	3.56
	28.5
	0.1
	28.3

	Mar
	1
	Late
	0.82
	3.3
	29.7
	4
	25.2

	 
	 
	 
	 
	 
	361.6
	6.4
	355.2

	
	
	
	
	
	
	
	



vi. Crop Water requirement of Banana
	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

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

	Nov
	1
	Init
	0.45
	1.62
	16.2
	4.2
	12

	Nov
	2
	Init
	0.45
	1.6
	16
	1
	15

	Nov
	3
	Init
	0.45
	1.58
	15.8
	0.7
	15.1

	Dec
	1
	Init
	0.45
	1.56
	15.6
	0.1
	15.4

	Dec
	2
	Init
	0.45
	1.54
	15.4
	0
	15.4

	Dec
	3
	Init
	0.45
	1.54
	17
	0
	17

	Jan
	1
	Init
	0.45
	1.55
	15.5
	0
	15.5

	Jan
	2
	Init
	0.45
	1.56
	15.6
	0
	15.6

	Jan
	3
	Deve
	0.45
	1.61
	17.7
	0
	17.7

	Feb
	1
	Deve
	0.47
	1.76
	17.6
	0
	17.6

	Feb
	2
	Deve
	0.51
	1.94
	19.4
	0
	19.4

	Feb
	3
	Deve
	0.54
	2.11
	16.8
	0.1
	16.7

	Mar
	1
	Deve
	0.57
	2.28
	22.8
	4.5
	18.3

	Mar
	2
	Deve
	0.6
	2.47
	24.7
	6.7
	18

	Mar
	3
	Deve
	0.64
	2.63
	29
	7.5
	21.4

	Apr
	1
	Deve
	0.67
	2.8
	28
	6.4
	21.5

	Apr
	2
	Deve
	0.7
	2.95
	29.5
	6.5
	23.1

	Apr
	3
	Deve
	0.74
	3.03
	30.3
	14.4
	15.9

	May
	1
	Deve
	0.77
	3.09
	30.9
	23.2
	7.8

	May
	2
	Deve
	0.8
	3.15
	31.5
	30.2
	1.3

	May
	3
	Deve
	0.84
	3.13
	34.4
	37.1
	0

	Jun
	1
	Deve
	0.87
	3.09
	30.9
	45.2
	0

	Jun
	2
	Deve
	0.91
	3.04
	30.4
	52.7
	0

	Jun
	3
	Deve
	0.94
	2.99
	29.9
	55
	0

	Jul
	1
	Deve
	0.97
	2.94
	29.4
	58
	0

	Jul
	2
	Mid
	1
	2.84
	28.4
	61.5
	0

	Jul
	3
	Mid
	1
	2.84
	31.2
	58.9
	0

	Aug
	1
	Mid
	1
	2.83
	28.3
	57.4
	0

	Aug
	2
	Mid
	1
	2.83
	28.3
	56.4
	0

	Aug
	3
	Late
	1
	2.92
	32.2
	47.6
	0

	Sep
	1
	Late
	0.96
	2.92
	29.2
	37.6
	0

	Sep
	2
	Late
	0.91
	2.88
	28.8
	29.4
	0

	Sep
	3
	Late
	0.88
	2.92
	17.5
	13.9
	5.9

	 
	 
	 
	 
	 
	804
	716.2
	325.6

	
	
	
	
	
	
	
	



vii. Crop water Requirement of Avocado
	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

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

	Nov
	1
	Init
	0.7
	2.52
	25.2
	4.2
	21

	Nov
	2
	Init
	0.7
	2.49
	24.9
	1
	23.9

	Nov
	3
	Init
	0.7
	2.46
	24.6
	0.7
	23.9

	Dec
	1
	Init
	0.7
	2.42
	24.2
	0.1
	24.1

	Dec
	2
	Init
	0.7
	2.39
	23.9
	0
	23.9

	Dec
	3
	Deve
	0.7
	2.4
	26.4
	0
	26.4

	Jan
	1
	Deve
	0.69
	2.38
	23.8
	0
	23.8

	Jan
	2
	Deve
	0.68
	2.35
	23.5
	0
	23.5

	Jan
	3
	Deve
	0.66
	2.38
	26.1
	0
	26.1

	Feb
	1
	Deve
	0.65
	2.4
	24
	0
	24

	Feb
	2
	Deve
	0.64
	2.43
	24.3
	0
	24.3

	Feb
	3
	Deve
	0.62
	2.44
	19.6
	0.1
	19.4

	Mar
	1
	Deve
	0.61
	2.46
	24.6
	4.5
	20.1

	Mar
	2
	Deve
	0.6
	2.46
	24.6
	6.7
	17.9

	Mar
	3
	Mid
	0.59
	2.42
	26.6
	7.5
	19.1

	Apr
	1
	Mid
	0.58
	2.42
	24.2
	6.4
	17.7

	Apr
	2
	Mid
	0.58
	2.43
	24.3
	6.5
	17.8

	Apr
	3
	Mid
	0.58
	2.38
	23.8
	14.4
	9.4

	May
	1
	Mid
	0.58
	2.33
	23.3
	23.2
	0.1

	May
	2
	Mid
	0.58
	2.27
	22.7
	30.2
	0

	May
	3
	Mid
	0.58
	2.16
	23.8
	37.1
	0

	Jun
	1
	Mid
	0.58
	2.05
	20.5
	45.2
	0

	Jun
	2
	Mid
	0.58
	1.94
	19.4
	52.7
	0

	Jun
	3
	Mid
	0.58
	1.84
	18.4
	55
	0

	Jul
	1
	Mid
	0.58
	1.75
	17.5
	58
	0

	Jul
	2
	Mid
	0.58
	1.65
	16.5
	61.5
	0

	Jul
	3
	Late
	0.59
	1.67
	18.4
	58.9
	0

	Aug
	1
	Late
	0.62
	1.74
	17.4
	57.4
	0

	Aug
	2
	Late
	0.62
	1.74
	17.4
	56.4
	0

	Aug
	3
	Late
	0.62
	1.81
	19.9
	47.6
	0

	Sep
	1
	Late
	0.62
	1.88
	18.8
	37.6
	0

	Sep
	2
	Late
	0.62
	1.94
	19.4
	29.4
	0

	Sep
	3
	Late
	0.62
	2.05
	20.5
	23.2
	0

	Oct
	1
	Late
	0.62
	2.15
	21.5
	16.1
	5.5

	Oct
	2
	Late
	0.62
	2.26
	22.6
	9.1
	13.5

	Oct
	3
	Late
	0.62
	2.24
	24.6
	6.7
	17.9

	 
	 
	 
	 
	 
	801.1
	757.4
	423.3


viii. Crop Water Requirement of Mango 
	Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

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

	Nov
	1
	Init
	0.9
	3.24
	32.4
	4.2
	28.2

	Nov
	2
	Init
	0.9
	3.2
	32
	1
	31.1

	Nov
	3
	Init
	0.9
	3.16
	31.6
	0.7
	30.9

	Dec
	1
	Init
	0.9
	3.12
	31.2
	0.1
	31

	Dec
	2
	Init
	0.9
	3.07
	30.7
	0
	30.7

	Dec
	3
	Init
	0.9
	3.09
	33.9
	0
	33.9

	Jan
	1
	Init
	0.9
	3.1
	31
	0
	31

	Jan
	2
	Init
	0.9
	3.11
	31.1
	0
	31.1

	Jan
	3
	Deve
	0.9
	3.22
	35.4
	0
	35.4

	Feb
	1
	Deve
	0.91
	3.37
	33.7
	0
	33.7

	Feb
	2
	Deve
	0.93
	3.55
	35.5
	0
	35.5

	Feb
	3
	Deve
	0.95
	3.7
	29.6
	0.1
	29.4

	Mar
	1
	Deve
	0.96
	3.85
	38.5
	4.5
	34

	Mar
	2
	Deve
	0.98
	4.01
	40.1
	6.7
	33.4

	Mar
	3
	Deve
	1
	4.12
	45.3
	7.5
	37.8

	Apr
	1
	Deve
	1.01
	4.22
	42.2
	6.4
	35.8

	Apr
	2
	Deve
	1.03
	4.32
	43.2
	6.5
	36.7

	Apr
	3
	Mid
	1.05
	4.29
	42.9
	14.4
	28.5

	May
	1
	Mid
	1.05
	4.22
	42.2
	23.2
	19.1

	May
	2
	Mid
	1.05
	4.13
	41.3
	30.2
	11

	May
	3
	Mid
	1.05
	3.93
	43.2
	37.1
	6

	Jun
	1
	Mid
	1.05
	3.72
	37.2
	45.2
	0

	Jun
	2
	Mid
	1.05
	3.52
	35.2
	52.7
	0

	Jun
	3
	Mid
	1.05
	3.35
	33.5
	55
	0

	Jul
	1
	Mid
	1.05
	3.17
	31.7
	58
	0

	Jul
	2
	Mid
	1.05
	3
	30
	61.5
	0

	Jul
	3
	Late
	1.05
	2.99
	32.9
	58.9
	0

	Aug
	1
	Late
	1.04
	2.93
	29.3
	57.4
	0

	Aug
	2
	Late
	1.01
	2.87
	28.7
	56.4
	0

	Aug
	3
	Late
	0.99
	2.91
	32
	47.6
	0

	Sep
	1
	Late
	0.97
	2.95
	29.5
	37.6
	0

	Sep
	2
	Late
	0.95
	2.99
	29.9
	29.4
	0.5

	Sep
	3
	Late
	0.93
	3.08
	30.8
	23.2
	7.7

	Oct
	1
	Late
	0.91
	3.17
	31.7
	16.1
	15.6

	Oct
	2
	Late
	0.89
	3.25
	32.5
	9.1
	23.4

	Oct
	3
	Late
	0.86
	3.13
	34.5
	6.7
	27.8

	 
	 
	 
	 
	 
	1246.5
	757.4
	699.3



[bookmark: _Toc520897274]Appendix 2 Critical stages of crop growth to water deficit

Sensitive growth periods to water deficit of recommended irrigated crops
	Crop
	Sensitive growth periods to water deficit of major irrigated crops

	Tomato
	Flowering > yield formation > vegetative period, particularly during just and after transplanting

	Pepper
	Throughout but particularly just prior and at start of flowering

	maize
	Flowering > grain filling > vegetative period; flowering is very sensitive if no prior water deficit

	sorghum
	Flowering > yield formation > vegetative period less sensitive when followed by ample water supply

	millet
	Flowering > yield formation 

	banana
	Throughout but particularly during first part of vegetative period, flowering and yield formation

	avocado
	flowering and fruit setting

	Mango
	flowering and fruit setting




[bookmark: _Toc520897275] Appendix-3 Cost for recommended crops

The intended small scale irrigation practices would be actualized when proper nursery management is effectively carried out. Besides, other agronomic practices such as pre planting operations, sowing, fertilizer application, weeding, irrigation application, pest control, harvesting and transportation of the products should be properly managed. To execute these activities, availability and mobilization of sufficient labour force at each stage of the required task is vital. It is observed that there is no shortage of unskilled labour in the area and therefore, sufficient amount of man-days has been proposed as indicated on table below. Table below.Labor cost per hectare for crops grown 


	MD
	Unit price (birr)
	Total price (birr)
	Total price per crop (birr)

	No
	Crops
	Activities
	Unit
	Freq.
	(Qty)
	
	
	

	1
	Tomato
	Nursery
	MD
	4
	15
	45
	675
	

	
	
	Plouhing
	«
	4
	12
	45
	540
	

	
	
	Sowing
	«
	1
	30
	45
	1350
	

	
	
	Fertilizer application
	«
	1
	8
	45
	360
	

	
	
	Weeding
	«
	3
	40
	45
	1800
	

	
	
	Irrigation
	«
	12
	8
	45
	360
	

	
	
	Chemical application
	«
	2
	4
	45
	180
	8235

	
	
	Harvesting
	«
	1
	50
	45
	2250
	

	
	
	Transportation
	«
	1
	16
	45
	720
	

	
	Total
	MD
	
	
	183
	
	
	

	2
	pepper
	Nursery
	MD
	-
	-
	
	-
	

	
	
	Plouhing
	>>
	4
	10
	45
	1800
	

	
	
	Sowing
	>>
	1
	12
	45
	1080
	

	
	
	Fertilizer application
	>>
	1
	6
	45
	270
	

	
	
	Weeding
	>>
	3
	45
	45
	6075
	

	
	
	Irrigation
	>>
	5
	6
	45
	1350
	14355

	
	
	Chemical application
	>>
	3
	3
	45
	405
	

	
	
	Harvesting
	>>
	1
	60
	45
	2700
	

	
	
	Transportation
	>>
	1
	15
	45
	675
	

	
	
	Oxen power
	OD
	
	18
	100
	1800
	

	
	Total
	Total
	MD
	
	175
	
	
	

	3
	maize
	Nursery
	MD
	2
	15
	45
	1350
	

	
	
	Plouhing
	>>
	2
	30
	45
	2700
	

	
	
	Sowing
	>>
	-
	20
	45
	900
	

	
	
	Fertilizer application
	>>
	-
	4
	45
	180
	

	
	
	Weeding
	>>
	3
	30
	45
	4050
	

	
	
	Irrigation
	>>
	12
	4
	45
	2160
	

	
	
	Chemical application
	>>
	2
	6
	45
	540
	12780

	
	
	Harvesting
	>>
	-
	10
	45
	450
	

	
	
	Transportation
	>>
	-
	10
	45
	450
	

	
	Total
	Total
	MD
	
	114
	
	
	

	4
	sorghum
	Nursery
	MD
	-
	-
	
	-
	

	
	
	Plouhing
	>>
	3
	12
	45
	540
	

	
	
	Sowing
	>>
	1
	4
	45
	180
	

	
	
	Fertilizer application
	>>
	
	4
	45
	180
	

	
	
	Weeding
	>>
	3
	25
	45
	6075
	

	
	
	Irrigation
	>>
	5
	6
	45
	1350
	9630

	
	
	Chemical application
	>>
	1
	2
	45
	90
	

	
	
	Harvesting
	>>
	1
	25
	45
	1125
	

	
	
	Transportation
	>>
	1
	4
	45
	180
	

	
	Total
	Total
	MD
	
	
	
	
	

	5
	millet
	Nursery
	MD
	-
	-
	-
	
	5625

	
	
	Ploughing
	
	3
	12
	45
	1620
	

	
	
	Sowing
	
	
1

	4
	45
	180
	

	
	
	Fertilizer application
	MD
	
	4
	45
	180
	

	
	
	Weeding
	MD
	3
	25
	45
	1125
	

	
	
	Irrigation
	
	5
	6
	45
	1350
	

	
	
	Chemical application
	
	1
	2
	45
	90
	

	
	
	Harvesting
	
	1
	20
	45
	900
	

	
	
	Transportation
	
	1
	4
	45
	180
	

	
	Total
	
	
	
	
	
	
	




[bookmark: _Toc520897276]Appendix 4 Cost for establishment of Avocado and Mango fruit nursery establishment per individual plant (avocado and mango)
	No
	Descrition of items
	Unity
	Quantity 
	Unit  price
	Total price 

	1
	MCG (grafted Avocado) for scion source & production
	No
	200
	70
	14000

	2
	Root stock (seed)
	Qu.
	60
	1000
	60,000

	3
	Polythene  bag seeding (24x30)
	kg
	50
	200
	10,000

	4
	Avocado scion
	no
	15,000
	3
	45000

	5
	Red Ash (sand soil)
	M3
	30
	400
	12,000

	6
	Compost
	“
	30
	400
	12,000

	7
	Top soil (forest soil)
	“
	30
	400
		12,000

	8
	Watering cane (10 litter capacity)
	no
	5
	200
	1000

	9
	Ice box 
	“
	2
	2000
	4000

	10
	Spade 
	no
	5
	120
	600

	11
	Zabia 
	no
	5
	120
	600

	12
	Two finger hoe 
	“
	5
	100
	500

	13
	Wheel barrow (hand cart)
	“
	2
	1000
	2000

	14
	Three finger hoe 
	“
	5
	100
	500

	15
	Rake 
	“
	5
	150
	750

	16
	Sickle
	“
	5
	50
	250

	17
	Scissor (pruning shear) 
	“
	10
	1200
	12000

	18
	Hand balance 
	“
	1
	1000
	1000

	19
	Rope (nylon 6mm)
	meter
	1000
	2
	2000

	20
	Peg (60cm high)
	no
	100
	2
	200

	21
	Hand gloves
	“
	2
	400
	800

	22
	Coffee sacks (harvesting plastics)
	“
	10
	100
	1000

	23
	Pruning saw
	“
	5
	400
	2000

	24
	Seedling tag 
	“
	2000
	10
	20,000

	25
	Grafting knife
	“
	10
	1200
	1200

	26
	Budding knife 
	“
	5
	1200
	6000

	27
	Tying plastic  (para film)  or plastic  10x20
	pad
	20
	200
	4000

	28
	Sieve
	roll
	1
	500
	500

	29
	Sprayer  (15 litter capacity)
	no
	1
	2000
	2000

	30
	Tagging color plastic
	m
	200
	40
	8000

	31
	Nursery record book
	“
	3
	100
	300

	32
	Notice black board
	“
	1
	2000
	2000

	33
	Alcohol
	lit
	2
	200
	400

	34
	Fungicide /Mancozeb/
	kg
	2
	800
	1600

	35
	Vegetable seed (for inter cropping)
	birr
	-
	5000
	5000

	36
	Annual labor cost (500 birr/ person/ month)
	no
	20
	1000x12
	240,000

	37
	Mulch
	role
	20
	200
	4000

	38
	Fertilizer (DAP/NPS)
	Qun
	2
	1600
	3200

	39
	Per dium,  transport, loading cost 
	
	
	
	

	
	· Per dium   /during  purchasing  process/
	Birr
	20*5*200
	200
	20,000

	
	· Transport 
	Birr
	-
	15,000
	15,000

	
	· Loading un loading cost 
	“
	-
	5,000
	5,000

	
	· Sub total
	
	
	
	532,400

	
	· Contingency (5%)
	
	
	
	26,620

	
	· Grand total
	
	
	
	559,020x2=1,118,040





[bookmark: _Toc520897277]Appendix 5 Cost for establishment and agronomy practices of Banana. Per hectare

	No
	Description of items
	Unity
	Quantity 
	Unit  price
	Total price 

	1
	Land preparation
	MD
	10
	45
	450

	2
	Preparation of suckers for transplanting
	MD
	15
	45
	675

	3
	Planting
	MD
	20
	45
	900

	4
	Weed control
	MD
	25
	45
	1125

	5
	Fertilizer application
	MD
	5
	45
	225

	6
	Irrigation
	“
	6
	45
	270

	7
	Pruning
	“
	10
	45
	450

	8
	Supporting plant from falling over
	“
	5
	45
	225

	9
	Chemical application
	“
	5
	45
	225

	10
	harvesting
	“
	              30
	45
	1350x2=2700

	11
	Transporting (loading un loading)
	“
	25
	45
	               1125

	12
	Total 
	8370
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