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1. MICRO DRIP IRRIGATION SYSTEMS  
 

1.1. Introduction  
 

The efficient use of water is seen as a key to crop production in arid and semi-arid areas 

in sub-Sahara Africa (van Leeuwen, 2002). This is increasingly true because of ever 

increasing populations and demand for food production, coupled with growing 

competition for water. 

For smallholder farmers, drip irrigation provides a means of maximizing returns on their 

cropland by increasing the agricultural production per unit of land and water and 

increasing cropping intensity by growing a crop during the dry season. The development 

of low-head emitters and simple filtration has reduced much of the initial capital 

investment necessary, making small-scale drip irrigation systems affordable to 

smallholder farmers.  

Water scarcity and its link to food security are major concerns. In view of increasing 

concerns on rainfall variability, climate change and poor performance of rainfed 

agriculture, introduction of irrigation technologies are increasingly seen as a means of 

addressing the growing competition for scarce water resource with the objective of 

doubling water and agricultural productivity. Localized irrigation is the slow application 

of water to the soil through mechanical devices located at selected points along the water 

delivery line. The different types of localized irrigation are drip, micro-jet and micro- 

sprinkler irrigation. Drip or trickle irrigation is a type of irrigation that slowly applies 

small amounts of water to part of the plant root zone thereby preventing loss of water 

from evaporation and seepage. Small amount of water is applied frequently, often daily, 

to maintain favorable soil moisture condition and prevent moisture stress in the plant. In 

an effective irrigation system, water is distributed as close as possible to the plant root 

system. When compared with overhead irrigation systems, drip irrigation accomplishes 

this process more efficiently. Furthermore, drip irrigation requires less water and less 

labor than other forms of irrigation. Advances in technology and low-cost of drip systems 

have made it possible for small farmers to maximize benefits from limited water 

resources. 
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Drip or Trickle irrigation is a slow application of water to the soil through a mechanical 

device called emitter, located at selected point along the delivery line. In drip irrigation, 

water is applied to each plant separately in small, frequent, precise quantities through 

dripper emitters. It is the most advanced irrigation method with the highest application 

efficiency. The water is delivered continuously in drops at the same point and moves into 

the soil and wets the root zone vertically by gravity and laterally by capillary action. The 

planted area is only partially wetted.  

There are two types of drip irrigation systems: a pressurized drip irrigation system mainly 

developed for commercial farming on open fields or greenhouses; and non-pressurized or 

low-head drip systems for small-scale agriculture.  The pressurized drip systems are 

expensive and require advance technical skills and knowledge. The low-head family drip 

irrigation system requires much less skills and is simple to operate and maintain by a 

farm family. Technology advances and innovation by researchers have brought the cost 

to an affordable level for a small farmer. The Micro or family drip system (FDS) does not 

require any mechanical device and uses available low-head from a raised barrel to 

distribute water by gravity to crops.   

In recent years there have been efforts to promote drip irrigation technologies that are 

able to meet the criteria such as increased affordability, divisibility, rapid payback and 

improved water efficiency. International development organizations have made 

pioneering efforts to develop network of plastic pipes and emitters assembled and packed 

for small plots along with user-friendly instruction manual for small holders to enable 

them to cultivate high-value crops with limited application of water directly to the root 

zone of the plants. Such drip irrigation system is interchangeably called family drip 

irrigation/smallholder drip irrigation systems/low-cost drip irrigation/affordable micro-

irrigation technology/drip irrigation kits/garden irrigation kits, etc. Drip technology frees 

the farmer from the limitations of rain-fed farming, enabling him/her to cultivate year 

round, grow a wider variety of crops, and have higher cropping intensity and no priority 

farming. Good irrigation technologies and agricultural practices coupled with enhanced 

participation of the poor in the markets is the key to income generation.    
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The focus of this module is on low-cost micro-irrigation systems that may include simple 

family drip systems which is relevant to suitable crops, slopes, soils and irrigation water.  

Suitable crops: - Drip irrigation is most suitable for row crops (vegetables, soft fruit), tree 

and vine crops where one or more emitters can be provided for each plant. Generally, 

only high value crops are considered because of the high capital costs of installing a drip 

system. 

Suitable slopes: - Drip irrigation is adaptable to any farmable slope. Normally the crop 

would be planted along contour lines and the water supply pipes (laterals) would be laid 

along the contour also. This is done to minimize changes in emitter discharge as a result 

of land elevation changes. 

Suitable soils: - Drip irrigation is suitable for most soils. On clay soils water must be 

applied slowly to avoid surface water ponding and runoff. On sandy soils higher emitter 

discharge rates will be needed to ensure adequate lateral wetting of the soil. 

Different soil types will also have an effect on which type of drip emitters will work best 

on your drip system. While all soils contain the same elements, different types of soils 

will contain different proportions of these given elements.  Although there many different 

types of soils, drip irrigation focuses on the following three soil types: Clay, Sand and 

Loam. 

 

Figure 1: Different type of soils for drip irrigation system 

 Clay soils: - have densely packed particles that have little space for water or air. 

Water is absorbed very slowly and runoff can occur if water is applied to quickly. 

When wet, water tends to move outward, away from the drip emitter.  Clay soils 

will hold water very well and can stay wet for several days. Choose ½ & 1 GPH 

(Gallons per hour) drip emitters when planting in clay soils. Drip emitter spacing 

tends to be further apart. 
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 Sandy soils: - are very loose and have plenty of space for water or air. Water is 

absorbed very quickly and runoff usually doesn’t occur. When wet, water tends to 

move straight down through the soil. Sandy soils do not hold water very well and 

can dry out very quickly.  Choose 2 & 4 GPH drip emitters when planting in 

sandy soils. Drip emitter spacing tends to be closer together. 

 Loam soils: - are an ideal in-between mix of clay and sandy soils. Its absorption 

rate is greater than that of clay soil but not as fast as sandy soil. When wet, water 

will move outward and down more evenly. Loam soils will hold water well and 

dry out at a medium rate. Choose 1 & 2 GPH drip emitters when planting in 

loamy soils. 

Suitable irrigation water: - One of the main problems with drip irrigation is blockage of 

the emitters. All emitters have very small waterways ranging from 0.2-2.0 mm in 

diameter and these can become blocked if the water is not clean. Thus it is essential for 

irrigation water to be free of sediments. If this is not so then filtration of the irrigation 

water will be needed. Blockage may also occur if the water contains algae, fertilizer 

deposits and dissolved chemicals which precipitate such as calcium and iron. Filtration 

may remove some of the materials but the problem may be complex to solve and requires 

an experienced engineer or consultation with the equipment dealer. 

1.2. Advantages  of Micro Drip System 

The following advantages are accompanied with the use of drip irrigation 

(Kadyampakeni 2004):  

1. More efficient use of water: Compared to surface irrigation and sprinkler methods 

(with efficiencies of 50–75% in high-management systems), drip irrigation can 

achieve 90–95% efficiency. This is because percolation losses are minimal and 

direct evaporation from the soil surface and water uptake by weeds are reduced by 

not wetting the entire soil surface between plants (Polak et al. 1997a, b; 

Narayanamoorthy and Deshpande 1998; Narayanamoorthy 1999). 
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2. Reduced cost for fertilizers: Precise application of nutrients is possible using drip 

irrigation. Fertilizer costs and nitrate losses can be reduced considerably when the 

fertilizers are applied through the irrigation water (termed fertigation). Nutrient 

applications can be better timed to coincide with plant needs since dressing can be 

carried out frequently in small amounts and fertilizers are brought to the immediate 

vicinity of the active roots. 

3. Reduced labor demand: Water application is less labour demanding compared to 

surface or bucket irrigation. Cultural practices such as weeding can be performed 

when the plants are being irrigated (Polak et al. 1997a, b; Narayanamoorthy and 

Deshpande 1998). 

4. Low energy requirement: A drip irrigation system requires less energy than a 

conventional pressurized system as it increases irrigation efficiency and therefore 

requires less water to be pumped. Compared to other pressurized systems, savings 

are also made because of the lower operational water pressure required for drip 

systems. 

5. Reduced salinity risk: The drip lines are placed close to a row of plants and the root 

zone tends to be relatively free of salt accumulations as the salts always accumulate 

towards the edge of the wetted soil bulb. The accumulation of salts on a surface-

irrigated field tends to be right in the middle of the root zone. 

6. Improved yield: Slow and regular applications of water and nutrients uniformly to 

all crop-plants give improved quality and increase in total produce 

7. Difficult terrain: It can be used on undulated terrain (hilly area) where irrigation by 

traditional method is difficult 

8. Improved crop and disease control: Regular irrigation ensures timely inter-

culturing operations and spraying etc. which gives better crop control and prevents 

spread of diseases caused due to flooding 
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9. Uniform application of water: Since water is applied uniformly to all the plants, 

there is uniformity in growth and quality of yield 

10. Reduced cultivation cost: Slow and regular application of water keeps optimum 

soil-water-air ratio in the soil which is essential for healthy plant growth. It also 

reduces need for frequent inter-culturing, weeding etc. Combined with above saving 

it gives reduced cost of cultivation 

11. Application to variety of crops: Number of crops can be irrigated using this method 

viz. vegetable crops, fruit crops, commercial cash crops, flowers etc 

12. More cultivated area: reduction in area under surface distribution system thereby 

increasing the potential cultivated area 

1.3. The major disadvantages of Drip irrigation 

The possible problems that can be associated with drip irrigation are as follows: 

1. Clogging of emitters: Clogging of emitters is the most serious problem associated 

with drip irrigation. To prevent blockage, care should be taken to filter the water 

properly before use, depending on the particular particle size and type of 

suspended material contained in the irrigation water. It is also necessary to flush 

drip lines at least once a month (Howell and Hiler 1974; Wu 1975; Isaya and 

Sijali 2001). 

2.  Cost: Conventional drip irrigation systems typically cost USD 5000–10,000 per 

hectare, or more, when installed in East Africa. However, recent advances have 

introduced some adaptations in the systems that are making them accessible to 

small-scale farmers. In Chapter 3, we describe simple drip irrigation systems, 

which would cost a farmer USD 15 to cover 15 m2, or USD 200–400 for a bigger 

system covering 500 m2 

3. Water management: When practising drip irrigation, farmers do not see the 

water. This often results in over irrigation and the loss of the benefits of high 

irrigation efficiency. Over-irrigation will also make the soil excessively wet and 
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therefore promote disease, weed growth and nutrient leaching. However, 

smallholder farmers learn quickly and adopt drip irrigation technology in the light 

of their practical experiences in using the various methods to monitor water 

application (Sivanappan 1977; van Leeuwen 2002). 

4. Restricted root zone: Plant root activity is limited to the soil bulbs wetted by the 

drip emitters; a much smaller soil volume than that wetted by full-coverage 

sprinkler or surface irrigation systems. Thus, if a drip irrigation installation fails 

(clogging), the crops will suffer more from drought than crops watered by 

sprinkler or surface irrigation. Under drip irrigation the confinement of roots to a 

small soil volume means less available soil water storage for the plants. As a 

result of this it is recommended to continue irrigation even after a rain. 

5. Drip irrigation is not adaptable for frost protection 

6. Rodent, insect and human labor may cause damage to components and create 

potential risks 

7. Water filtration is required adding to the cost of the system. Clean water is 

necessary to prevent clogging of small emission holes in the system 

2. BASIC COMPONENTS OF DRIP IRRIGATION SYSTEM 

In view of limited water resources available and enhanced efficiency of the system the 

use of micro drip irrigation has growing demand over other localized irrigation systems.  

2.1. Components of any drip irrigation system  

1. Water source to provide the amount of water required at the necessary pressure 

to push water out of the drip emitters 

2. Filter to remove particles from the irrigation water that may clog the drip emitters  

3. Control valve to open and shut off the water 

4. Main lines in polyethylene to carry and distribute water to the laterals lines  

5. Lateral lines in polyethylene to carry the water and distribute it to the drip 

emitters. The usual diameter of these lines range between 12 and 20 mm. 
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Additional components of sophisticated drid irrigation systems includes;  

1. Injection equipment to apply fertilizers 

2. Pressure regulators  

3. Flow meters to measure the amount of water flowing in the system  

4. Centralized computer system for automatic irrigation 

2.1.1. Water Source  

In micro-irrigation systems, the source of water may include, among others: rainfall-

runoff harvested water, surface water and ground water. Clean water is especially 

important to successful drip irrigation. The small orifices found in the trickle emission 

devices can be clogged easily by physical and chemical contaminants found in the water. 

Groundwater from wells is generally of good quality and should be used when possible. 

Groundwater may contain sand or chemical precipitates. Surface water can be used but 

often contains bacteria, algae, and other aquatic life. Therefore, the water must be cleaned 

or filtered to the extent possible. For small drip irrigation operations, the water source 

does not have to be excessively large. Whatever type of drip irrigation system one will 

use, a water-holding tank, ranging from a simple bucket to a large permanent tank is the 

first component. Systems irrigating 250 to 500 m2 areas would require a tank size of 

about 400 to 500 liter. Black plastic tankers are more preferable than the white tankers as 

they inhibit algae growth for smallholder uses in marginal areas of the region.  Two oil 

barrels or locally made barrels have been found to be effective for use by connecting 

them using 2.54 cm diameter & 50cm length of steel pipe.  

 

A well-built support stands usually made of timber or sturdy posts is placed near the 

cultivated area. The most important point when putting up the stand is to get the correct 

height from the ground to the bottom of the tank. If it is any higher, it will make it hard 

for filling, especially for younger people and if mounted lower, it will not provide 

sufficient pressure to the drip tapes. The recommended stand height for a drip system 

usually ranges from 0.5 to 2m.  

Treadle Pump: - A treadle pump is manually operated low-cost portable water lifting 

agricultural equipment that does not require any power supply or diesel to function. The 
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treadle pump is a positive displacement pump and can therefore lift/pump water to above 

the ground depending upon suction lift. Water can be lifted to elevated plots of land 

pumped through hoses over long distance up to 300 m. It works with a total head of 15 m 

with maximum 7 m suction lift, capable of pumping more than 3000 liters per hour 

depending upon the suction/delivery head and weight of the person operating the pump. 

The average discharge from the treadle pump is adequate to irrigate up to 0.5 hectare of 

land.  Treadle pumps are efficient foot powered operation, flexible in installation, easily 

dismantled and reassembled and easily maintained. The treadle pumps generate 

significant additional income for small and marginal farmers and can also be used for 

domestic application in rural areas.  

If the source of water is HDW or a spring where the depth is greater than the suction 

capacity of treadle pumps, rope & washer or any other high power pumps can be used 

for lifting water up to the ground level.  

The Hose:-Hoses are plastic pipelines that carry pumped water to the field or water 

source/tank. Hoses should not be bent or folded to prevent cracking or exposed to direct 

sun light for long periods. They should be protected from damage by heavy loads, rodents 

and dogs. Inspection of leakage points along the hose is important before operation. 

2.1.2. Drip System   

Drip irrigation systems convey and emit water to the crop root zone. It consists of the 

following basic components: 

2.1.3. Delivery/Distribution System 

o Mainline: Poly vinyl chloride (PVC) or Polyethylene (PE) pipe to convey water 

from source to sub mainline and laterals 

o Sub-mainline: PVC or PE pipe to supply water to the lateral pipes 

o Drip lines/laterals; Pipes placed along the rows of the crop on which emitters are 

connected directly or through spaghetti to provide water to the emitters. Lateral 

pipe size in most systems is from 12 mm to 16 mm. The difference between ‘line-

source’ and ‘point-source’ lateral is based on the material used for the lateral line. 

Line-source laterals come in the form of tapes or thin walled flat hoses with built-

in emission devices, whereas the point-source drip designs are thick walled with 
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emission devices that could be created by the user when required (Figure 1). Most 

FDS have line source (inline) lateral lines running parallel to each other with 

flexible spacing from 0.5 to 1m. 

 

 

 

o Emitters; Device through which water is emitted at the root zone of the plant 

with required discharge. The different types of emitters used in FDS are 

described below;  

o Micro-tube; straight or curled tube with an inner diameter ranging from 1 to 1.2 

mm. The discharge from micro-tube is directly proportional to the operating 

pressure and inversely proportional to its length 

o Drip tape/easy drip; it has inbuilt dripper outlets on the lateral line which give a 

continuous wetting strip. It is mainly used for raw vegetable crops. Emitters of 

this type are classified as on-line or in-line emitters depending on their 

connection to the lateral. Figure below shows in-line and on-line emitters.  
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Figure 2: In-Line and On-Line Emitters 

2.1.4. Filters 

Filters help ensure clean water enters into the drip system. Depending on the type of the 

drip system used there are different types of filters viz. screen, media and disc filter types. 

Screen filter is the most commonly used type of filter for smallholder family drop 

systems.  

Screen filters/in-line screen filters; this is an essential component of FDS, because it 

keeps solid materials – sand particles, algae, small insects, and other materials from 

entering into the drip lines and clogging the emitters.  For regular cleaning, it is always 

installed at the outlet pipe of the water tank and should be very easy to remove. It is 

important to check the filter every time the tank or bucket is filled and to rinse off 

collected material. (DO NOT RUB CLOTH ON THE FILTER). It shall be noted that water from 

rivers, shallow wells; etc should always be poured into a cloth placed over the bucket 

inlet to remove large particles which would quickly clog the screen of the in-line filter. 

Fittings:-The various fittings commonly required in FDS are described below; 

Tee connectors: Tee connectors of various sizes are required in FDS to connect a branch 

to the main pipe, main pipe to the sub main pipe, lateral pipe to the sub main pipe etc. 

Tee connectors can be equal Tee or reducing Tee type. 

Two types of emitters 
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Take off: It is used to connect lateral pipes to the sub main pipe in large systems. It is 

fixed in the wall of sub main pipe with the help of a rubber washer called Gromate. 

Lateral end stop: The lateral pipes are closed at the other end with the help of plastic ring 

or barbed endcap.  

Pegs: Small plastic or wooden pegs used to place the lateral pipe in place. 

 

 

Figure 3: Different type of fittings 

2.1.5. Valves/gauges 

Valves are made of plastic or metallic materials used to regulate required pressure and 

flow of water into the system. There are valves of various sizes depending on flow rate of 

water in the system. The most commonly used valve type in FDS is the barb valve fitting.  

Barb valve fittings; these are valve fittings that connect the supply tube with the main 

delivery tube or directly to the drip tapes depending on the installation option. In FDS 

elbow indents are the most commonly used valve types.  
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Figure 4: Different type of Valves/guages 
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3. TYPES OF LOW COST DRIP IRRIGATION SYSTEMS FOR 

SMALLHOLDERS 
 

 Most smallholder drip irrigation systems operate under low pressure such as 1–5 m head 

(Polak et al. 1997a, b; Narayanamoorthy 1999). The coverage area determines the water 

pressure required to overcome pressure losses associated with water delivery and 

filtration. In low-pressure systems, water containers such as buckets or drums, raised 0.5–

1.5 m above the ground, are used as header water tanks to enable the filling of the 

container either manually (bucket) or using pumps. The smallholder drip irrigation 

systems grouped into two categories, namely: bucket and drum drip irrigation kits. 

Table 1: Characteristics of bucket and drum drip irrigation system 

 

System type Head Required Area Covered(m2) Example given 

Bucket System 1m Less than 20  

Drum System 1-5m 20-1000  

3.1.  General Fetures of Low Cost Drip Irrigation System 

Low cost drip irrigation systems consist of:  

1. Water storage–usually a bucket or a drum 

2. Water filtration   

3. Conveyance and water application lines with emitters (PE, 12 or 20 mm) 

4. Valves 

 

 

Figure 5: Basic System Set-Up of low cost Drip irrigation system 

 



 15 

 

Valves:- turn the water flow through the pipe and off 

Backflow Preventer:- prevents dirt, bacteria and other contaminants from flowing back 

into the main water line. For health and safty reasons, a backflow preventer should be 

used on every drip system, every time. 

Pressure Regulator:- Reduces water pressure and maintains it at a constant level through 

the system. It should be used for systems with pressure higher than 40 psi and reduces 

only pressure, never increases pressure. There are two types of pressure regulators, 

1. Pre-Set at the factory, most common for home drip system 

2. Adjustable pressure regulator 

Filters:- cleans the water of particulates before it enters the system. It saves yourself the 

grief of finding out too late that you needed a filter. 

Tubing Adapter:- a simple fitting used to connect the particular type of tubing you are 

using to the water source. 

Emitters:- Small plastic device that controls how fast the water drips onto the soil. It can 

be pre-installed or manually installed according to your needs as far as spacing. The most 

common emitters deliver approximately 1 gallon of water per hour. 

End Cap/Flush Valve/:- Sediment and or algae can collect in the tubes over time, so 

system should be flushed at least once a year (end of season maintainance) to clear any 

debris out of the lines. 

3.2.  Preparetion of Low cost drip irrigation systems 

Common preparation requirements and features are as follows: 

 Prepare the area to be irrigated. This could be simple land preparation or involve 

the formation of planting beds  

 For best results, drip systems are used to irrigate level beds. If the drip tubes go 

uphill, downhill or around corners, the system will not give equal water flow from 

each dripping outlet. 

 Construct the water container stand. Ensure that it can support the weight of the 

container and water when full. 

 Mount the water container on the stand so that the water outlet is at the height 

necessary to provide the water pressure required to operate the system. 
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 Mount the container water outlet, water filtration and flow regulator fittings.  

 Lay the water distribution system components that connect the water container to 

the individual drip lines. Make sure that the open ends are closed to avoid foreign 

material entering the pipe. 

 Unroll the drip lines and lay them along the full length of each row of plants to be 

irrigated.  

 Connect the drip lines with the water distribution system (header pipes). 

  Flush the system to remove any foreign matter that may have entered the 

pipeline.  

 Close the end of the drip lateral lines.  

 

   

Figure 6: Types of ideal micro Drip irrigation Systems 

 

3.2.1. Bucket systems 

In bucket kit drip irrigation, water flows into the drip lines from a bucket reservoir placed 

0.5–1 m above the ground to provide the required water pressure. The efficient use of 

water that is possible with drip irrigation enables a farmer to grow vegetables using 30–
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60 litres of water daily during the crop-growing season. A bucket kit system comprising 

two 15m long drip lines, can be used to grow 50 plants such as tomato, eggplant and 

similar crops requiring a spacing of 60 cm along the plant rows; 100 plants of spinach, 

cabbage, pepper and similar plants requiring a spacing of 30 cm along the plant rows; or 

300 plants of onion, carrot and similar plants requiring a spacing of 10 cm. The standard 

bucket kit system consists of two drip lines placed 0.5 m apart on a bed with a width of 1 

m. A bucket is placed on a stand at one end of the bed and connected to the drip lines. 

These bucket kit systems can irrigate 10–20 m, depending on the length of the drip tube 

and plant spacing. The bucket should be filled once in the morning and once in the 

afternoon to supply 30–60 litres of water to the crop per day. The actual amount of water 

depends on crop water requirements and rainfall. In very dry areas and during the dry 

season 60 litres of water will be required per day. Three examples of bucket kits; 

Chapin: -were developed by Chapin Living Water Foundation. This drip irrigation 

system consists of a 20-litre bucket mounted 1 m above the ground and 30 m above drip 

tape. 

Water boys: - Water boys (Uganda) Ltd have adapted drip irrigation technology and 

developed a bucket kit for smallholder farmers in Uganda. The kit comprises of one 30-

litre bucket (the bucket is part of the kit), and two, 10 m drip tubes connected to a water 

distribution manifold. The drip outlets in the standard kit are spaced at 30 cm. No filter is 

included in the Water boys kit. 

IDE: - The International Development Enterprise (IDE) of the USA has also designed 

and tested a bucket system. The IDE bucket drip irrigation system consists of a 20 litres 

bucket, a valve, a filter, an end cap and a 10-m long, 12-mm diameter lateral line fitted 

with 26 micro-tubes, 13 on each side (emitter spacing 40 cm). All the pipes are pre-fitted 

and packed in a small box.  
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Figure 7: Bucket Kit Systems (Chapin, Waterboys and IDE) of micro drip irrigation systems 

3.2.2. Drum systems 

Drum systems operate under a low-pressure head of water (0.5–5 m). Mounting the 

drums on block supports raised at least 1 m above the planting surface is recommended. 

The higher the drum is placed the greater the area that can be irrigated. An area of up to 

1000 m2 can be covered by a drum system.  

The main advantage of drum systems is that a bigger area can be covered compared to the 

bucket system. This presents an economic advantage because of the number of plants per 

drum system. A drum system covering 5 beds each 1 m wide and 15 m long can be used 

to grow 250 plants (tomato, eggplant and similar plants) requiring a spacing of 60 cm 

along the plant rows); 500 plants (spinach, cabbage, kale, pepper and similar plants 

requiring a spacing of 30 cm along the plant rows); or 1500 plants (onion, carrot and 

similar plants) requiring a spacing of 10 cm. The drum system also offers water storage 
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and control through a control valve, making it possible to fill the drum for irrigating 

beforehand. Two examples are presented:  

 KARI drum Kit (from Kenya) and The IDE drum Kit (used in India) 

KARI drum Kit:-This is a variation of the Chapin bucket kit and involves using a drum of 

about 200 litre capacity or the equivalent of 5 bucket drip irrigation systems. The 

development of this adaptation is credited to a farmer in Eldoret in the Rift Valley 

Province of Kenya who, after working with the bucket drip kits, connected an old drum 

to supply four drip lines. KARI improved on the drum adaptation by designing the 

manifold with four or five openings each serving two drip lines. 

 

                        Figure 8: KARI drum Kit  

  

The IDE drum Kit: - IDE (International Development Enterprises) of Colorado, USA, 

designed and tested a drum kit system, which can irrigate 520 vegetable plants. The drum 

kit consists of 130 pipes (1mm diameter) called micro tubes, fitted to 5 rows of 12mm 

diameter PE laterals. Water flows out in a small stream from all 130 micro tubes. The 

water then spreads out in a circular pattern to about 0.5m radius. Four plants are planted 

in each of the circles.  
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Figure 9: IDE (International Development Enterprises) 
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4. PLANNING AND DESIGN OF FAMILY DRIP SYSTEMS  

4.1. Planning 

Setting up a new irrigation system has two phases: Planning and Design. Planning is the 

preliminary stage and consists of collecting data, taking decisions about the irrigation 

regime, choosing the layout and the components of the system, especially the emitter type 

and flow rate.  

The hydraulic design is the next stage and comprises of mapping the irrigation system 

layout, locating control units, mains and laterals, calculating and determining the 

pressure-flow regime and programming the operative timetable. This phase can be 

supported by dedicated computer software provided the programmers have a sound 

understanding of the fundamentals of hydraulic design.  

4.2.  Basic pre design data  

 Plot boundaries and topography: plot borders, crop spacing, row direction and 

partition into sub-units, if applicable. Intervals between elevation contours will 

not exceed 1 m 

 Soil properties: Soil depth, Soil texture and structure, Bulk density, Saturation 

Percentage, Field Capacity, Wilting Point, Infiltration rate and hydraulic 

conductivity data, if available, Presence of stratified layers and cracks, Soil 

salinity 

 Climate data: Rainfall (amount and seasonal distribution), Reference Evapo-

transpiration (ET0) (calculated from climatic parameters), (Penman-Monteith 

method) or measured in Class A pan 

 Cropping technology: Growth season, Phonological stages (dates, time-length, 

foliage coverage, root-zone depth, sensitivity to water stress), In-row and 

between row spacing, Peak season Crop coefficient (kc). 

 Water supply capacity and quality: Water source characteristics (river, dam, pond, 

well, public/commercial supply), Hours of supply (if by external supplier or due 

to restrictions on electricity supply), Maximum available hourly/daily flow rate 

(discharge), Pump pressure-discharge curve (if applicable), Pressure at supply 
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connection (if by external supplier), Water quality (physical contamination, 

hardness, salinity) 

4.2.1. Layout of the area 

The layout of the area or plot to be irrigated is determined by the field geometry and size 

of the drip system. Moreover; the quantity of irrigation water, the types of crops grown 

and crop water requirement are important. Because the size of the drip system cannot be 

changed after the procurement, it is important that the selection of plot size and spacing 

of emitters should be carefully evaluated. Following points should be carefully 

considered;  

Plot to be irrigated should be close to the water source: a plot located at a distance from 

the water source would require a long hose to convey water either to the storage tank or 

to the field causing loss of available head. Attempts should be made to select a plot that is 

close to the water source to the extent possible. 

Plot size should be regular in shape: an irregular shaped plot such as triangular or 

trapezoidal will make it difficult to install a drip system and achieve higher efficiency. 

Attempts should be made to select a plot shape that is relatively uniform. A regular shape 

such as square or rectangle is preferable. 

The plot ground surface should be relatively uniform: highly undulating ground surface 

should be avoided to the extent possible. Although drip system can be installed on 

undulating ground and can work, the uniformity of irrigation cannot be always achieved 

due to variability in pressure head of emitters located at different elevations. Similarly 

plot land with excessive slope greater than 7% (a drop of 7 m in 100 m) should be 

avoided. 

Draw a sketch or map of the plot: mark the area on the ground by placing wooden pegs. 

Measure all sides using a measuring tape and record length and width on a paper. From 

observations, mark the highest and lowest point on the map and note an estimated 

elevation difference. 

The plot sketch or map should be used to orient the drip irrigation system on the ground 

and to estimate the length of mainline; sub-mainlines and laterals as discussed above.  
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4.2.2. Observe soil type in the plot area 

Soil type determines the types of crops that can be grown and irrigation interval or cycle 

at which water should be applied to the plant. Observe the details of the soil type such as 

heavy soil, light soil as well as visible color such as black, brown, red or reddish brown. 

Based on soil type and color, the infiltration capacity of the soil or time taken to absorb a 

given quantity of water in the soils can be estimated. Heavy or black soils have a low 

infiltration rate and lighter soils such as red or brown have a higher infiltration rate. This 

information is required to prepare emitters design specification/emitters flow rate or 

discharge rate in relation to the soil infiltration rate. If the emitter discharge is higher than 

the soil infiltration rate, water will begin to pond over the surface causing loss of water. 

Similarly, if the emitter discharge is lower than the infiltration rate, more time will be 

required to irrigate at the desired depth. Attempt should be made to match the emitter 

discharge with the soil infiltration rate. In Ethiopia, emitters of two types (micro tube and 

drip tape) are commercially available for smallholder drip irrigation systems with flow 

rate of 1 lt/hr at about 1.5 m head. Both of these emitters are suitable for medium and low 

infiltration soils including clay, loam, clay loam, silty clay. Soil infiltration values are 

important to select appropriate emitter types and discharge rates. Average standard 

infiltration rate of different soils is given in below as a guide to select appropriate emitter 

type and discharge.  

Table 2: Average Infiltration Rate of Soils 

Soil texture Infiltration rate (mm/hr) Remark 

sand 50 (25 to 250) Not good for drip application 

sandy loam 25 (15 to 75) Moderate for drip application 

loam 12.5 (8 to 20) Ideal for drip application  

clay loam 8 (2.5 to 15) Ideal for drip application  

silty clay 2.5 (0.08 to 5) Not good for drip application 

clay 5 (1 to 15) Moderate for drip application 

 

4.2.3. Water Source 

Position of water source (tank, well, reservoir, pond, river, stream, existing pump, 

pipeline, etc) should be marked on the map and the following details noted. 

 Size, volume, flow rate, and height above ground level or depth from ground 

surface or water source 
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  Pump details for the existing pump including suction, delivery, actual discharge 

& head, operating time, pump HP, expected discharge & head 

  Quality of water, impurities in water (algae, sand /silt, etc.) If a water analysis 

report is available, it should be enclosed with the survey report or if possible the 

farmer should try to have it analyzed at a local laboratory 

4.2.4. Agronomic data 

Agronomic data including crop types to be grown, plant to plant and row to row spacing, 

time of planting, time to harvest, etc. are required to develop sound cropping patterns and 

calendar that satisfy a particular season in question. Following steps could be used to 

identify suitable cropping pattern. 

 Develop a crop calendar: discuss with the farm family about rain-fed crops to be 

planted on the plot and the time of harvest. Also discuss with the farm families the 

preferred time to plant irrigated crops considering the availability of farm labor, 

time to prepare the land and favorable temperature for the growth and maturity of 

the crops.  

 Select preferred crops: discuss with the farm family including women and 

children their preferred crops to be grown under irrigated conditions. Identify who 

in the farm family will assume major responsibility for pumping and doing most 

of the cultural practices. It is important to remind the farm family on the market 

conditions, expected prices based on past experience and expected place for 

marketing out the produce. 

 Finalize cropping pattern and crop calendar: with the above information prepare 

the final cropping pattern and crop calendar and seek final agreement with the 

farm family. Identify inputs such as seedlings, chemicals and/or compost and 

expected labor input and give a copy of required inputs to the farm family. 

Attempt should be made by the farm household to avail the required inputs timely 

(improved seeds, fertilizers and chemical). The cropping pattern help properly 

plan and estimate the irrigation water requirements in that particular season, 

length and size of mainline, sub-mainline, lateral pipes and emitter discharge. 
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Table 3: Recommended Variety, Seed Rate and Spacing of Major Vegetables in Amhara 

Region 

 

Crop Variety Seed rate 

(kg/ha) 

Recommended agronomic 

spacing (cm) 

Between  crops Between rows 

Pepper Markofana, local 0.6-08 30 50 

Tomato Marglobe, money 

maker 

0.25-0.4 30 100 

Cabbage  Cophenhagen 0.4 30 50 

Onion Bombay red,  

red cereol, adama red 

3-4 10 30 

Carrot Nanthus, chanteny  6 5 30 

Potato Jalena, gudena 2200 35 75 

4.2.5. Climate data  

 Reference evapo-transpiration; climatic data such as rainfall, temperature, 

sunshine, humidity, etc. are used to estimate the crop evapo-transpiration and 

irrigation requirements for a proposed cropping pattern. Data from a nearby 

meteorological station should be used to compute the reference evapo-

transpiration (ETo), crop water requirement and irrigation requirements to 

sustainably manage irrigation systems and increase crop yield. The use of FAO 

developed computer program CROPWAT for Windows provides the most 

promising result when relevant site specific climatic data is used. Where computer 

applications are not possible, estimation can be made using different methods by 

adapting FAO-24 manual to predict crop water requirements.  

 Crop water requirement; following relationship is used to estimate crop water 

requirement:  

            ETc  =   ETo x Kc    

               Where:      ETc is the crop water requirement (mm/period) 

                                 ETo is the reference evapo-transpiration and (mm/period)  

                                 Kc is the crop coefficient 

 

 

 Crop coefficient (Kc): Kc accounts for the effect of the crop characteristics on 

crop water requirements, crop coefficient (kc) are presented to relate ETo to ETc.  

The Kc values for the different crops are obtained from FAO-24 and FAO-33 

manuals.  
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Table 4: Kc Values of Major Vegetable Crops 

 

Vegetable Initial Full development  Mid-season   Late  

Onion 0.6 0.6 1.0 0.8 

Tomato 0.6 0.6 1.2 0.8 

Pepper 0.6 0.6 1.0 0.9 

Cabbage 0.7 0.7 1.1 0.97 

Carrot 0.7 0.7 1.0 0.95 

Potato 0.5 0.5 1.1 0.75 

 

ETc is the sum of evaporation from the soil surface and transpiration by the crop. 

Evaporation and transpiration are governed by different physical factors. During full 

ground cover evaporation is negligible, hence ETc approaches transpiration rates.  

Table 5: Approximate Range of Seasonal ETc Values  

 

Crops Seasonal ET crop (mm) 

Onion 400-500 

Pepper 400-500 

Tomato 500-600 

Cabbage 450-550 

Carrot 300-400 

Potato 500-600 

 

4.2.6. Soil Wetting Pattern 

The partial soil wetting pattern by micro irrigation requires assessment of the percentage 

of soil volume that is wetted.  Diverse models for estimating the wetted volume were 

developed in which the wetting pattern is determined by:  

 Dripper flow rate  

 Infiltration rate of the soil (expressed in mm/h)  

 Soil hydraulic conductivity (expressed as mm/s) 



 27 

 

Figure 10: Wetting patterns by drippers in different soil types 

 

Permitted water deficit (Management Allowed Depletion) 

 

 

SSW ldaf
DBDPWPFCMAD *****)(                       ------------------------------- (1)                  

 

Where:  MAD  = Management Allowed Depletion - the permitted water deficit (mm) 

  

                  FC = Field Capacity % w/w (weight of water per weight of soil)  

               PWP = Welting Point % w/w 

               FC – WP = Available water % w/w 

              BD = Bulk Density g/ml 

             Waf = Permitted depletion fraction of the available water 

                 Sd = Desired wetting depth  

              D = Maximum horizontal wetting diameter 

              Sl= Spacing between laterals  

4.2.7. Determining the Irrigation Regime 

When deciding the irrigation regime, the allowed deficit should be compared to the crop 

water requirement.  The first step is to calculate the gross daily water replenishment 

requirement relating to the Irrigation Efficiency of the irrigation system:  

IE

ET
W

ca

gr
                                                                           ------------------------------- (2) 

                               Where:   Wgr = Gross water requirement (mm/day) 

                                              ETca = Adjusted crop water requirement (mm/day) 
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                                                  IE = Irrigation Efficiency (%) 

100*
edwaterappliIrrigation

icialyusedWaterbenef
IE                                                ------------------------------- (3) 

Irrigation Efficiency is an arbitrary average value assigned to the irrigation technology.  

The common values are: 

 Border flood irrigation: 50% - 80% 

 Furrow irrigation: 70% - 80% 

 Sprinkler irrigation: 85% - 90% 

 Micro sprinklers and micro jets: 80% - 90% 

 Drip irrigation: 80% - 95%   

4.2.8. Irrigation Intervals 

Calculation of the time interval between applications has to relate to peak demand and 

stress sensitive phenological phases. The irrigation interval in days is calculated from 

determined values of depth of irrigation and daily ETc using the relationship: The data 

required for determining the interval:   

 Soil water retention – available water 

 Acceptable depletion fraction of available water 

 Root system depth 

 Dimensions of the wetted volume or the percentage of wetted area out of the total 

spacing area 

The intervals between applications will be determined by division of the water needed for 

replenishment of the depleted water by the daily gross water requirement. 

W
W

T
gr

ad

l
       Or,          

)/(

)(max
)(

daymmETc

mmW
daysIntervalI    ---------------------------( 4) 

 

       Where:      Ti = Time interval between irrigations (days) 

                    Wad = the allowed water depletion (mm)  

                    Wgr = Gross water requirement (mm/day)  

                  Wmax = maximum depth of irrigation water (mm)  
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Family drip systems(FDS) are designed to provide high irrigation efficiency and uniform 

distribution of water and nutrients to grow high value crops vise-a-vise the conventional 

flood irrigation systems used to cultivate food crops. FDS are used to cultivate limited 

land areas, however; incase a larger system is required tailor could be made to the field 

conditions. FDS under smallholder farmers with limited land area could be designed 

within allowable discharge variation limit by using the following procedure.  

Irrigation water requirement; irrigation water requirement values are calculated 

considering the crop water requirement, effective rainfall, groundwater contribution and 

soil moisture reserve at the beginning of the cropping season. Effective rainfall is the 

portion of rainfall useful for meeting crop water requirement; it excludes deep 

percolation, surface runoff and interception. It is estimated from the total dependable rain 

fall data using the following relationship: 

125

)2.0125( PtotalPtotal
Pe


                                              -------------------------------( 5) 

(Applicable when the total rainfall is <250 mm/month) 

                        Where:    Pe, is the effective rainfall   

                                     Ptotal, is the dependable rainfall in the reference month 

Example: 

The total dependable rainfall in an area in the month of February is 86 mm. The effective 

rain fall can be calculated using the above equation. 

125

)862.0125(86 
Pe   = 74 mm/month 

To estimate the crop irrigation water requirement of crops (IWR) under drip irrigation 

two different methods can be used. The first is the root water balance method that 

estimates the water requirement depending on growth stage and the second is the peak 

water requirement method that estimates the water requirement on the basis of the highest 

evaporation rate. The former is preferred for small family drip systems providing 

maximum water use efficiency and the latter for large commercial farms with perennial 

fruit trees.  
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Root water balance method: The IWR of a particular crop for a certain period of time 

can be estimated by performing a water balance at the root zone area. To compute the 

IWR the applicable equation is: 

IWR = ETo  *  Kc - (Pe)                                -------------------------------( 6) 

Where: IWR  = irrigation water requirement (mm/period)  

             ETo    = the reference evapo-transpiration (mm/period)   

             Kc     = crop coefficient 

             Pe      = effective rainfall (mm/period)    

Drip irrigation involves shallow and frequent applications (usually 2-3 days interval), 

sometimes on a daily basis. Therefore, water requirement of the crop per day is 

equivalent to the rate of potential evapo-transpiration (PET) per day.  

Peak water requirement method: It is called peak water requirement method because it 

is calculated on the basis of highest rate of evapo-transpiration which normally occurs in 

high temperature and windy days of the growing season. However, daily water 

requirement depends on daily rate of evapo-transpiration which depends on daily T0 and 

wind. In this case water requirement can be calculated as:  

WR (lt/day) = ET x kc x Cp x Area  

Where:  ET evapo-transpiration (mm/ day) 

             kc crop factor 

            Cp canopy factor  

           Area in (m2) 

Canopy factor is the percentage area covered by plant canopy (foliage). It varies as per 

the growth stage of the plant. Area incase of orchard tree is the multiplication of the 

distance from tree to tree (m) and distance from row to row (m). In case of row 

vegetables, unit area is taken to calculate the irrigation water requirement. 

4.2.9. Irrigation water management  

Under drip irrigation, water is distributed from a point source close to the plants, creating 

a continuous “wet band”. The area irrigated through emitter application is considered as 

wetted perimeter (Pw). Water moves by capillary in the soil sideways and downwards. 

Downward movement is by gravity governed by the soil infiltration rate often as low as 

2-8 litter/hr. The recommended spacing of tomato may be 1m between rows/laterals and 
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0.3 m b/n emitters. In this case the whole area could not be wetted by emitters, if one 

lateral with emitters spaced at 0.3m is used to serve two crop lines the Pw is 100%. When 

tomato is growing in beds, the same Pw of 100% is achieved. If lateral spacing is less 

than 0.8 m and emitter spacing of 0.3 m is maintained the same is achieved. However, 

tomato growing in a single space of 0.3 m and lateral space of 1m could not wet 100%, 

the net area wetted by a crop and considered for planning is 0.3m2. For closely spaced 

vegetables like onion, pepper, carrot, cabbage and garlic the percent of wetted area taken 

is 100% with rows and emitters spaced at about 0.5 and 0.3 m. Based on the Pw values 

and water quantity from the main source, the total irrigated area is decided and 

developed. Once the net irrigation requirement (NIR) and gross irrigation requirement 

(GIR) are determined, vegetables with similar CWR (onion, pepper, garlic, carrot, etc.) 

can be irrigated simultaneously in one setting and vegetable with different requirement 

(cabbage, tomato) would be irrigated in a different setting independently.  

Under family drip system, the irrigation interval days for each setting could be 

determined by considering the peak water demand and the available soil water data for 

the area. Water available to the crop is held at moisture content between field capacity 

and permanent wilting point. The different soil moisture contained between field capacity 

and permanent wilting point is considered as the total available soil water. To know how 

much water is stored and available to the crop, the effective rooting depth is estimated. 

When the soil is at field capacity, the crop can extract water easily to maintain the 

maximum evaporation; this is referred as the freely available water. It is defined as the 

fraction of available water (P) depleted from the total available water without limiting 

evaporation rate. The depth of the freely/readily available water with rooting depth (D) is 

given by below. The following relationship helps determine the depth of the readily 

available water that has to be refilled through irrigation application; 

DPSW a
**

max
                                                              ------------------------------- (7) 

 Where;           Wmax = maximum depth of irrigation water (mm)  

                          Sa = available water in the root zone (mm) 

                            D = effective rooting depth (m) 

                             P = fraction of the available water readily depleted (%)  
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The required values for different soils and crops based on the growth stages can be 

obtained from FAO-24 and 33 manuals. These presented values will be taken and the 

depth of irrigation for the particular crop and soil type is determined.  

 

Table 6: Data on Rooting Depth, Depletion Fraction and Total Available Water 

Crop Rooting 

depth (mm) 

Fraction (P) Total available water (mm) by texture 

fine medium corase 

200 140 60 

Onion 0.4 0.25    

Tomato 1.0 0.4    

Pepper 0.75 0.25    

Cabbage 0.45 0.5    

Carrot 0.45 0.45    

Potato 0.5 0.25    

 

4.2.10. Operation scheduling  

Calculation procedures: 

1. Area to be wetted/irrigated by one emitter (m2): Lateral spacing (m) x emitter 

spacing (m)       

2. Application Rate (mm/hr): Flow Rate/Area wetted. The flow or discharge rate is 

given by the manufacturer  

3. Duration of Operation (hrs/interval days, Irrigation time (hrs/day) = GIR 

(mm/day)/application rate x Interval days (mm/hr) or Water requirement 

(liters/day)/ Application rate (liters/hour) 

4. Volume of water required at each application (m3): GIR (mm/day) x Area wetted 

x Interval  days 

                                                                                                               1000 

In big commercial drip irrigation farms, proper use of irrigation water demands 

application of the water to the crops at such frequencies, which would produce maximum 

net profit out of the applied water without detrimental effect on the soil. The assessment 

of soil water distribution and the resultant application efficiency are important 
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components of any irrigation system that give accurate results. Since water in drip 

irrigation systems is usually applied at rates close to the consumptive water use of plants, 

soil water considerations are much more critical in drip than in sprinkler or flood 

irrigation. Root zone wetting under row tree has gone as high as 70 to 80%, with small 

vegetables of 100%. 

In calculating the irrigation schedules for large commercial farms under drip application 

method the following relationship could be used; the soil type is important because it 

affects the extent of available water and the distribution of water under an irrigation 

regime. The maximum application depth based upon soil type can be estimated from the 

relation: 

100
max

pzAWCy
I


                                                             ------------------------------- (8) 

Where:  I max = maximum net depth of irrigation water (mm/day) 

                y = proportion of AWC to be depleted before irrigation 

            AWC  = available water capacity 

                z = soil depth (root zone) 

       p = wetted volume as a proportion of the root zone, expressed at a range of 0.01 to 1.      

The maximum net irrigation depth is converted to the required irrigated volume by 

multiplying irrigation depth by the irrigated area.  Since water application in intervals 

take the form of frequent shallow applications to maintain the soil moisture near field 

capacity the actual interval days will be determined through iteration and other water 

conservation practices that would be superimposed in the plots of drip applications. 
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5. DESIGN OF FAMILY DRIP SYSTEM  

5.1. Selection of Emitters and Laterals 

Choosing of the emitter (inline, online, splitted, etc.) and lateral type will relate to the 

farming technology.   The desired durability of the system will determine the options 

between thick-walled and thin-walled laterals. Topography may affect choosing of 

pressure compensating or conventional emitters. The chosen emitters and their flow rate 

will correspond with spacing, planned irrigation regime, soil permeability and the 

capacity of water supply.  

The emitter is the most important part of a drip system because it delivers water at the 

desired rate to the plant and maintains water application uniformity over the entire 

irrigated area. An emitter should match particular field conditions including type of crop, 

spacing of the plants, terrain, water requirement, water quality, operating time, pressure 

head, etc. Some of the criteria that can be applied to the selection of dripper are given 

below: 

1. Reliability against clogging and malfunctioning 

2. Emission uniformity 

3. Simple to install and maintain 

4. Pressure compensation in case of undulated terrain 

5. Percentage area wetted 

6. Flow rate 

7. Operating pressure 

8. Cost 

5.2. Design of Laterals 

In most of the drip systems LLDPE laterals of 12 mm to 16 mm size are used. An 

important point to consider while designing the lateral pipe is the slope of the field. If the 

average slope of the field is less than 3% in the direction of the lateral, laterals can lie 

along the slope. However, if the slope of the field is more than 3%, laterals should be 

used along the contours. Additionally, friction loss along the laterals must stay within the 

allowable limit. This limits the length of laterals can be along each side of the sub-main 

line. The desirable limit for emitter flow variation is less than 10%, but depending on the 
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crop, variation of 10 to 20% is acceptable. For 10% variation in discharge, approximately 

20% variation in the available head is acceptable. Taking into consideration all of these 

limitations, the maximum allowable length of laterals can be calculated from flow 

equations like the Hazen-Williams equation (using C= 150): 

 

          -------------------------------( 9) 

 
Table 7: Friction coefficent 

 
 

To cover the range of emitter discharge and spacing, a parameter called Specific 

Discharge Rate (SDR) is used. It is actually flow per unit length of the lateral. It can be 

calculated as given below. 

 

---- ( 10) 
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5.3. Design of the Sub Main 

 

The sub-main pipe is designed similarly to the lateral lines because it is also a perforated 

pipe whose discharge reduces along the length of the pipe. Depending on the flow rate, 

various sizes of PVC / HDPE / LLDPE pipes are used as sub-main pipes in micro 

irrigation system. For Family Drip System klits, 16 mm, 32 mm and 48 mm Lay Flat 

LLDPE pipe is used for the sub-main pipe.  

 

------------------- (11) 

 

5.4. Design of the Main Laine 

Design of the main line involves determining the diameter of the pipe and class / 

thickness. It depends upon flow rate, operating pressure and topography. As per the 

irrigation scheduling of the sub-main units, the main line flow can be determined by 

selecting the sub-mains that will operate concurrently. The main line size is selected so 

that allowable pressure variations due to frictional losses are within the limit for the 

economic pipe sizing. Frictional head loss can be calculated using the Hazen-Williams 

equation as given above. 

5.5. Selection of Filtter 

The filtration requirement depends on the size of the flow path in the emitter, quality of 

water and flow in the mainline. IMS Kits use screen filters because water is stored in a 

storage tank. For large systems, depending on water quality, different filters or 

combination of filters can be used. For large flow requirements filters can be connected 

in parallel using manifolds so that pressure loss across the filters is within limits. Four 

types of filters are mainly available in different sizes (filtration area) as described below. 
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1. Screen (Mesh) Filter: It is made of plastic or metal and different sizes are 

available for different flow rates from 1 m /hr to 40 m /hr. It is used for normal 

water with light inorganic impurities. It is also called a surface filter. 

2. Sand (Media) Filter: It is made of M.S. metal and available in different sizes 

similar to the screen filter. It is used for water with suspended particles and 

organic impurities like algae. Either sand or gravel can be used as the media for 

filtration. It is also called a depth filter, and is used in series with the screen filter.  

3. Disc Filter: It is made of plastic and has round discs with micro water paths, 

staked together in a cylinder so that impurities cannot pass through the discs. It 

combines surface and depth filters. 

4. Hydro-cyclone: It is made of M.S. metal and has a conical shaped cylinder to give 

centrifugal action to the flow of water so that heavy impurities settle. It is used in 

conjunction with the screen filter to filter sandy water along.     

5.6. Selection of Pump or Total Head 

The head (pressure) required at the inlet of the mainline or filter is calculated as follows: 

------------ (12) 

For a centrifugal pump the total head requirement is calculated as follows: 

 

The horsepower requirement is calculated as follows: 

 ------------ (13) 

Efficiency of the motor and pump differ for different makes and models. Approximate 

motor efficiency can be assumed at 80% and pump efficiency at 75% for a mono-block 

pump. However, in order to procure a pump from the market, the required flow and total 

head should be mentioned to the supplier / manufacturer so that he can select a suitable 

model from the same or lower horsepower category.   
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5.7. Desin Example One 

The basic data is as follows: 

 Crop:  Maize 

 Length of growing season = 135 days  

 Root system depth =1 m  

 Plot dimensions: 420 × 200 m 

 For harvest convenience, the plot is splitted in the middle and row length is 

100 in each side 

 The plot is partitioned to 7 blocks, 60 m wide each 

 Soil: Sandy loam 

 Available water – 12% v/v 

 allowed depletion in peak season – 60%  

 Wetted strip width: 40% of the spacing between rows 

 Topography: 0% slope (flat ground) 

 Spacing: 100 cm between rows, 30 cm in row 

 Peak season daily gross water requirement: 7 mm 

Calculation of Procedure 

1. Allowed depletion:  

available water × percent of allowed depletion 

                       = 12%× 60% = 7.2% v/v 

2. Effective soil water reservoir per Ha:  

10,000 m2× 1 m. (roots depth) × 40% [(1 m. (raw spacing)] = 4,000 m3  

3. Water deficit in the allowed depletion state:  

4000 m3 × 7.2% = 288m3/Ha. This is the water amount needed for replenishment 

of the deficit.  

4. Daily water requirement:  

7 mm = 70 m3/Ha 

5. The derived interval between water applications:  

Deficit/daily water demand = 288 m3/ 70 m3 = 4.11 days. The integer number 

will be the scheduled time interval. The dose has to be adjusted to the actual 

interval: 70 m3 × 4 days = 280m3/ha per application. 
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6.  Number of emitters per Ha:  

10,000 m2/ (1 m × 0.3 m) = 33,333 

7. Application rate:  

1.6 l/h × 33,333 = 53,333 l = 53.333 m3 /Ha/h = 5.333 mm/h.  

8. Irrigation time-length:  

280 m3 /h/53,333 m3/h = 5.25 (5:15) h. Since drip irrigation is not sensitive to 

wind and evaporation, water application can take place around the clock. It is 

advised to leave some reserve hours to secure water application in case of 

electricity blackouts or maintenance requirements. Four turns per day will leave 

three reserve hours and three turns – 8¼ reserve hours.    

9. Time schedule:  

The plot is partitioned to 14 blocks. If one block is irrigated at a time, four blocks 

can be irrigated per day and the irrigation cycle will last four days, corresponding 

with the calculated interval. Since some farming activities have to be performed, 

although drip irrigation intervene only slightly in these activities, it is better to 

finish the irrigation in two days, by irrigating two blocks at a time. The irrigation 

will last two days, leaving two days in the cycle for farming activities. Taking into 

account these activities, two opposing blocks will be irrigated simultaneously in 

each application.   

5.8. Desin Example Two 

Given: 

A.  Soil type: sandy clay loam (medium soil) - Bulk Density: 1.4 gr/cm
3
 

      - Field Capacity by weight: 16% 

      - Wilting point by weight: 8% 

B.  Crop: Cherry Tomatoes, 22,000 pl/ha (2200 pl/du) 

      - Distance between rows: 200 cm 

      - Distance between plants: 40 cm 

      - Root system depth (effective): 40 cm 

C.  Block area: 3.6 ha, (240 X 150 m) (36 du) 

D.  Maximum Evaporation Rate: 7 mm/day 

      - Water Requirment Coefficient: 0.8  
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31%=wetted area (wetted diameter of dripper x drippers per m/space between drip lines) 
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Following procedure is recommended to design the family drip systems used under 

farmer condition.  

I. Finalize irrigation layout or orientation of drip lines 

II. Select emitter spacing 

III. Select emitter flow rate: based on soil types and standard soil infiltration rate of 

the particular soil in the area, emitter discharge rate is selected 

IV. Design of lateral:  Design of laterals depend on the row to row spacing of the 

crops to be grown and the slope of the field.  

V. Design of mainline and sub-main line: Mainline and sub main line length depends 

on the number of laterals to be connected on and the size depends on the water 

volume to be conveyed to the laterals.  

5.9. Desin Example Three 

An area of 250m
2

 is planned to be irrigated using a family drip system. The study of the 

area suggested the following design inputs: 

Source of water: runoff water harvesting structure with a capacity of 85 m3 

The size of irrigated area from the plot sketch map: 25 m length and 10 m width  

Vegetables: onion, pepper and cabbage 

Soils: clay loam  

 Topography: flat 

Irrigation orientation or layout 

For a 25 m by 10 m dimensions’ plot, two layout distribution options can be identified; 

Option-1 is to provide 10m lengths of main/sub main line & 20 m laterals length 

Option-2 is 20m length main/sub main line & 10 m lateral length   

Choice: is made to the first option of 10 m main/sub mainline and 20 m lateral length as 

the design selected coincides with the actual field geometry layout with high land area to 

drip system ratio. It provides opportunity to sustainably use the lengthy laterals which 

will be laid across the slope, with minimal detrimental effect on emitters discharge 

variability.    

Emitter spacing: emitter spacing of 0.3 m is commonly recommended as it supports the 

cultivation of most vegetables with sufficient soil wetting perimeter allowing optimum 
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crop population per unit area. In this case the wetting band of a 0.3m diameter of each 

emitter will allow the growth of four onions, one pepper and one cabbage plants.  

Emitter flow rate: as drip systems are commercial products, emitter flow rate or emitter 

discharge rate is fixed by the manufacturer unless otherwise ordered.  In Amhara region, 

a flow rate of 1.0 lt/hr is commonly used in a family drip system vegetable production as 

the flow is sufficient enough to irrigate 250-400 m2 area in a household storage structure 

with a capacity range of 85-120 m3 

Design of laterals: as the crops to be grown are onion, pepper and cabbage; onion and 

pepper have the similar water requirement hence they can be irrigated simultaneously 

using one drip setting with laterals spacing of 0.5 m. Cabbage has a different water 

requirement therefore should be irrigated in another setting with a lateral spacing of 0.5 

m. In a single lateral, two rows of onion, one row of pepper and one row of cabbage can 

be grown.   

Design of sub-main and mainline: The sub-mainlines need to be laid left and right to 

serve each setting with locker valves fixed at each sub-mainline.  The mainline supplies 

filtered water from the storage tanker to sub-mainline. Most FDS in Amhara have two 

drip settings each set at (left and right) side of the plot. The sub-mainline with lockers 

provide opportunities to grow crops with different water requirements at the same time 

and irrigate independently when required. 
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6. INSTALLATION OF FAMILY DRIP SYSTEMS 

Installation of FDS is a very simple process as shown in Figure 5. The drop kit 

components or materials delivered at site should be checked with the plot sketch map and 

orientation of drip system on the ground before installation. Drip system installation 

could be divided into two stages: 

1. Installing water source (bucket, barrel, tank, pump etc.)  

2. Laying of pipes and emitters/micro-tubes 

6.1. Installing water source 

The water source and the choice of storage tank have been determined in the planning, 

study and design Section of the manual. Generally, a bucket or a barrel is used in the 

family drip systems. In case of barrels, it is recommended that two barrels are 

interconnected using a 2.54 cm steel or galvanized iron pipe and separated by a distance 

of about 50 cm. The fitting or welding of pipes into the barrels should be checked for 

leakage. The inside of barrel should be painted with a black paint and outside with an 

anti-rust paint. It would increase the life of barrels. 

The location of placing barrels or bucket should be placed at the highest point on a sloppy 

land close to the edge of the cultivated area. On level land, the barrels could be placed in 

the middle of the field but would require additional fittings such as a tee or a cross to 

connect the main line or sub-mainlines. 

The barrels or buckets should be mounted on a sturdy platform about 1 to 1.5 m height 

above the ground as per the design. The platform could be made out of wooden poles and 

other locally available materials. 

6.2. Laying of pipes and emitter/micro-tubes 

The drip system installation starts from the storage tank or barrels to the drip lines. The 

control valve and filter is connected to the barrel outlet pipe and installation procedure 

continues by connecting elbows, standpipe and required fittings up to the mainline. 

The mainline, sub-mainlines and laterals are supplied in a roll by the manufactures. It is 

very important that the plot sketch and orientation map is studied to determine the correct 
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length of mainline, sub-mainlines and laterals. The drip system orientation should be 

checked on the ground before cutting the pipes. Following procedure should be used: 

 Measure correct length of main line, sub-mainlines and laterals on the orientation 

map and reconfirm on the ground 

 Spread pipe rolls on the ground as straight as possible 

 Measure correct length of pipes 

 Cut pipes as per required length and smooth out edges of cut pipes. 

Lateral pipes are laid on the ground in straight line or along the plant rows. In-line 

emitters are prefixed on the lateral. On-line emitters are placed in the field. Following 

procedure should be used for on-line emitters: 

 Layout laterals on the ground as per designed orientation or along the plant rows. 

Use wooden stakes to place them properly and to keep them straight 

 Mark equal spacing as per desired plant spacing on the laterals  

 Punch holes on the lateral pipes with the help of manufacturer supplied punch at 

given spacing 

 Insert micro-tubes or emitters gently into the hole up to the specified depth. 

A pipe cutter or a sharp scissor should be used to cut pipes. Similarly, the punch used for 

making holes in the lateral pipes should conform to the specified diameter of emitters. 

Care should be taken so that dirt, sand and any foreign material does not enter into the 

holes or pipes while making connections. 
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Figure 11: Instalation of family drip system 

 

Before operating the system end caps at the end of laterals/sub main are released so that if 

there is dirt in the pipes it is washed away and air is also driven out. Open the control 

valve and let the water flow freely through the pipes for some time (flush the system). 

Then close the end caps and ensure that water is coming out from each emitter.  

6.3. Checklist for installation of family drip system 

In general the following checklist should be used for proper installation of FD systems; 

1. Review plot sketch map and orientation of drip system on the ground 

2. Give layout for water tank/filter platform as per design 

3. Check components in the kit/material at site as per the checklist  

4. Install water storage tank, filter on the platform/stable support 

5. Connect filter to the water source/pump and the mainline 

6. Lying of mainline, sub main and lateral pipes 
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7. Placement/fixing of emitters 

8. Fill barrels up to full capacity 

9. Release all end caps/flush valves and open all control valves 

10. Flush the system 

11. Check discharge and ensure all emitters are properly working  

12. Operate as per schedule 

 

Figure 12: Family Drip System Irrigation Layout Using Treadle Pump 
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7. OPERATION AND MAINTENANCE 

Lack of attention to operation and maintenance procedures can result in the 

malfunctioning of one or more component of the system and thus to serious water stress. 

Therefore, the success of a localized irrigation system is based on proper operation and a 

regular maintenance programmed.  

7.1. Operation 

The operation of a family drip system is virtually automatic. The planned operation 

scheduling should be properly implemented with the duration of application and volume 

of irrigation required at each growth stage throughout the growing season.  During 

operation all drip system components should be checked for proper functioning and 

efficiency. Following procedure is recommended during operation the system: 

 Close the control valve located at the outlet pipe of the storage tank or barrels 

 Fill the storage tank or barrels to full capacity 

 Open the control valve 

 Check flow through emitters to ensure uniform coverage  

At the same time, the farmer shall make sure the function all drip systems to convey and 

emit water to the crop root zone (drip pipes, filters, valves and fittings); and should be 

checked for proper connection before starting the operation.  

Checking of system components: Regular inspection of filters, pipes, end of laterals and 

other components.  

Checking pressure and flow: Pressure checks at filter, inlet of block, end of lateral, and 

identify leaks, pipe, breakages, and blockage. Pressure checks at the filtering system help 

to decide on the frequency of cleaning the filters. Additionally, pressure checks at critical 

points of the system (inlet of block and end of lateral) help to identify possible leaks or 

pipe breakages or blockage in the system. 

A water meter or a flow meter, located after the filters, can assist in checking the proper 

operation of the system. If the flow rate is higher than the designed flow, it is an 

indication of pipe breakage or the end of a number of laterals being open. On the other 

hand, if the flow is lower than envisaged, it is a sign of clogging in the system, reduced 

performance of the pump, or overloaded filters  
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 Back-washing of main filters and cleaning of line filters:  Most mesh filters are cleaned 

manually by removing the element from the case. Using the pressure gauge the pressure 

difference between the inlet and outlet is recorded daily. As the filters remove water 

impurities, the pressure difference will increase. If left unchecked, the load inside the 

filter will consume unreasonable levels of pressure, resulting in the substantial reduction 

of the pressure available for the operation of the system. 

Protection against insects and rodents: prone to insect and rodent damage; and Standard 

crop hygiene practices 

7.1.1. Flushing instructions  

 Clean water tank and fill it to the top. 

 Clean filter (with water from the tank) and return to place.  

 Open the valve. 

 Open end of the main line and flush it for 10 minutes, until clean water comes 

out, close end of main line. 

 Open ends of drip lines and flush them for a few minutes, then close drip lines 

ends, starting with those closest to the water tank as soon as clean water 

comes out. 

 While flushing the system, keep water level in the tank at maximal height to 

improve the efficiency of flushing  

7.1.2. Flushing of manifolds and emitter laterals 

Not all impurities are removed from the filtered water. Most of the silt and clay particles 

pass through the filtering system. Some is deposited in low areas of the distribution 

system, at the end of the manifold and in the lateral pipe. It is therefore advisable to have 

flushing points at the end of each manifold that can be opened periodically to flush out 

the impurities. The same process should be applied to the laterals by opening the end of 

each lateral (one at a time) and flushing out the impurities.  

It should be pointed out that flushing should the more frequent during warm weather, 

which promotes the growth of bacteria and the precipitation of carbonates. Fertigation 

should be practiced in such a way that all nutrients are out of the system before irrigation 
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is completed. To ensure this process, fertigation should be completed 20-30 minutes 

before the system is turned off. 

When liquid fertilizer is applied together with water, flushing of the laterals should be 

taken within 10~20 minutes after irrigation is finished to minimize the precipitation of 

chemicals on inner wall of the pipe. 

7.2. Maintenance  

The biggest problem in any drip system is clogging of emitters. FDS kits use very simple 

emitters, which are less prone to clogging due to wider flow path. Therefore it requires 

less maintenance as compared to other drippers. However periodic and preventive 

maintenance is essential for smooth working of the system. Following general checks 

should be carried out periodically depending on the local condition and water quality. 

 Clogging of emitters/wetting pattern 

 Placement of emitters/micro-tubes 

 Leakages in pipes, valves, filter, fittings etc 

 Flushing & cleaning of filter by opening and cleaning the screen 

 Flushing of sub main & laterals by releasing the end caps 

Apart from physical impurities that can be separated by using screen filter, there are 

dissolved chemical (mainly salts) impurities and also biological impurities like algae, 

bacteria etc. present in some water source. If the dissolved salts are in high concentration, 

they can accumulate and clog the emitters. Various chemicals can be applied to the 

emitters to flush the salts, however the application of chemicals should be carried out by 

skilled technicians. In case of clogging by bacteria or algae, bleaching powder (2 mg per 

liter) can be used to clean the emitters and inhibit slime growth.  
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Table 8: FDS Drip Line Problems and Troubleshooting 

 

Problem Cause Troubleshooting 

Micro-tube/emitter 

not delivering 

water 

Cogging due to 

impurities in 

water or air 

bubble in micro-

tube 

 Take out micro-tube from lateral pipe and 

shake it or blow it so that dirt/air comes put. 

In case of other emitter, open it and clean it 

with needle so that dirt is removed. Then fix 

the emitter and check it working. 

 Check the filter screen and gasket for any 

possible leakage and if required replace 

them  

Leakage in lateral, 

sub main or main 

pipe 

Cut in pipe due to 

mechanical 

damage or rodent 

etc.  

 Cut the pipe at the place of damage and 

connect it by using joiner/connector. For 

large diameter pipes, if joiners are not 

available then service saddle also can be 

used 

Leakage in fittings 

of lateral pipe 

Expanded pipe 

end due to 

frequent use 

 Cut the pipe end for the expanded portion 

and insert the fitting in it again. If the fitting 

is too loose for the pipe diameter it can be 

adjusted by heating it 

Reduced flow of 

water from emitter 

 Chocked filter 

 Pipe leakage  

 Open end cap 

 Clean the filter screen 

 Repair pipe leakage as mentioned above 

 Fix the end 

 

8. CROP MANAGEMENT PRACTICES 

Research work conducted on best agronomic practices to meet the growing demand of 

horticultural crops is limited. However, the following improved practices are 

recommended to successfully grow horticultural crops. 
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8.1. Improved Agronomic Practices 

Preparation of ideal seedbed: Cultivation involves management of physical environment 

to produce as favorable habitat as possible for successful vegetable production. 

Manipulation of the soil with tools and implements to obtain ideal conditions for seed 

germination, seedling establishment and growth of crops is called tillage. The purpose is 

to break weed, insect and disease cycles, bury crop residues, incorporate fertilizers and 

soil amendments, and break surface crust and fracture plough pans or hard subsoil 

horizons to improve infiltration and make the soil environment conducive for crop 

growth. Seedbeds for vegetable production should be prepared timely prior to 

transplanting.   

Optimum time of sowing/transplanting: Information on optimum time of 

sowing/transplanting is of immense use to farmers in vegetable production. The basic 

principle behind is that the different phenophases of the crop should coincide with the 

optimum weather conditions for growth and development leading to remunerative crop 

production.  Staggered of sowing/transplanting dates may help to get prolonged harvest 

and better market price. Seedlings for transplanting should be raised in nursery sites and 

harden before transplanting. Use of transplants allows more efficient use of fertilizer and 

irrigation water during early growth stages.  

Proper planting depth: Maintaining proper planting depth is an important practice in the 

production of vegetable crops, as the size of vegetable seeds is small and may face 

difficulty to emerge during germination if placed deep from the ground   

Optimum population and spacing:  Seed rate for a particular crop determines the final 

crop population density. By adjusting optimum plant population and spacing it is possible 

to achieve optimum ground cover and allow sufficient moisture to be available during 

growth and maturity. Vegetables are high nutrient feeders, keeping optimum population 

and spacing is an important factor to achieve high production.   

Optimum weed control: Seedbeds should be free from weeds all the time as the weeds 

compete both for nutrients and water with the crop. Economically, reasonable yield could 
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be obtained by weeding at early and mid-seasons. Farmers should abide to these 

improved weeding to harvest more.   

Improved water management practices: Improved water management practices (when to 

irrigate, how much to irrigate and how best to irrigate) should be properly planned and 

implemented to enhance water use efficiencies in FDS vegetable production. Improved 

water conservation practices like mulch made of locally available crop residues of tef 

straw could help reduce evaporation, therefore reduce irrigation water requirements. 

Storage of FDS packages in safe place and immediate replacement of damaged 

components are important steps to ensure optimum operation and maintenance of the 

system.  

Timely harvest: Vegetables timely harvest is important to avoid loss. Yield of vegetables 

could be reduced up to 20% due to poor harvest and management practices. Most 

vegetables grown in FDS have short shelf life and are liable to potential post harvest 

losses. To reduce this, vegetables should be properly harvested and immediately 

marketed.  

8.2. Use of Improved Cropping Systems 

Crop rotation: A practice like crop rotation has a number of beneficial effects on crop 

growth from pure agronomic point of view. The level of soil borne disease builds up 

more slowly or not at all, the different spices deplete the diverse soil nutrients to different 

degree or they may add nitrogen and may have positive effect on weed control. Erosion is 

also influenced because different spices produce different amount of litter and roots and 

stabilize the soil structure to a greater or lesser extent. A good rotation system includes 3-

4 crops. The longer the period between growing the same crop the better it is. In general, 

good rotations for the schemes include: 

      Leaf vegetable...> root vegetable…> legume….> leaf vegetable…etc. 

Inter cropping:  Inter-cropping to maximize the use of solar energy and irrigation water 

will be another way of intensifying vegetable production. Some vegetable crops like 

tomato, onion and cabbage grow slowly initially. The space available during the early 

crop growth stage could be used to grow fast growing vegetable crops that can be 

harvested earlier. Red amaranth and leafy radish, for example, becomes ready for 
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harvesting in about 25 days after seeding. Similarly, relay-cropping technique could be 

utilized. For example, green French beans can be planted towards the maturity period of 

pepper and the creeping vegetable could be allowed to grow on the stubbles of the pepper 

plant.  

Alley cropping: Use of alley cropping practice will have a double advantage of soil and 

water management.   

8.3. Use of Modern Inputs 

Organic Fertilizers: Use of organic manure to improve soil moisture holding capacity is 

important, as the soils in the schemes are light and poor in organic matter content. It is 

known that application of bulky manures help definitely build up the organic carbon 

status and structural status of the soil. In the rural HHs organic matter is scarce resource 

particularly in semi-arid areas of the region where crop residues and manures are used for 

livestock feed and energy source, respectively. In these areas at least 6-7 qt/ha of organic 

manures should be applied to keep the organic matter balance of the soil, rates higher 

than this may cause hydrophobic characteristic to the soil. Organic manures can be 

produced locally using local materials including kitchen wastes. Inorganic fertilizers; 

DAP and Urea should be applied to vegetable plots based on the recommendations 

developed using SWHISA trial results. 

Improved seeds: Improved seeds of vegetables should be used to maximize production. 

Table 9 presents a list of recommended fertilizer and chemical for selected crops.   

Agro-chemicals: Due to continuous water application pest infestation will be high; 

besides improved cultural practices agro-chemicals including fungicides should be 

applied based on the developed recommendation rates particularly to sensitive vegetables 

like tomato and cabbage. 

Farm tools: Farm tools required for crop/water management like rigger/ditchers, spade, 

hoe etc. should be made available by HHs to assist the effort for optimum water use.  

8.4. Develop and Strengthen Agricultural Support Services 

Research-extension support and linkage: The current research extension linkage should 

be strengthened and improved focusing on water management practices. Appropriate 
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extension approach that could address farmers' problem in irrigation and HHWH should 

be designed in such a way that it assists the on farm water management efforts.   

Credit facilities: An irrigation scheme demands more use of inputs, for this credit facility 

to avail inputs in both dry and wet season should be arranged and practiced in the woreda 

to assist farmers involving in vegetable gardening.   

Marketing outlets: Marketing services including sell of vegetables with high price should 

be exercised to assist HHs benefit and invest on irrigation. 

Training and experience sharing: Applied, pertinent and regular training should be 

arranged to assist participating farmers, DA’s, woreda experts and others on irrigation 

water management techniques. 

9. LESSONS LEARNED 

 Following is a summary of lessons learned from SWHISA project and Amhara region 

Bureau of Agriculture from 2005 to 2012 in relation to Family drip irrigation 

development. 

I. Farmers’ participation and cost sharing are important for technology 

development, transfer and adoption. Absence of cost sharing in HHMIS 

construction, O&M and implementation resulted in poor ownership and 

sustainability. 

II. Options for low cost lining materials should be explored to overcome high cost 

associated with cement structures. Moreover, focus on continued technical 

backstopping to capacitate DAs to overcome the challenges associated in 

planning, construction and management of HHMIS is required. 

III. Household plots around homesteads were successfully irrigated than those located 

away due to reach and crop isolation problems. In the year 2008, in east belessa 

and woreilu woreda, some HHMIS plots have been completely/partially destroyed 

by wild animals. It is important to build a fence using locally available material 

around the plot.   

IV. Farm land topography for family drip system (FDS) package should have flat to 

gentle topography for optimum water distribution and application. This problem 

is compounded with low pressure head of family drip systems and shallow soils 

that limit the possibility of land leveling.    
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V. Planning of optimum cropping pattern including production techniques and 

market opportunities is important to maximize profit and reduce risk at scheme 

level,  

VI. Manure and compost application should be an integral part of crop production to 

cope with poor soil conditions prevailing in most plots of HHMI schemes. DAP 

and Urea fertilizers should be applied with DAP at the time of transplanting and 

Urea two splits depending on soil and crop type (transplanting and mid-season 

development stage), 

VII. Nursery management should include all appropriate standard nursery practices 

(seedbed preparation, fertilizer application, thinning, pest control, hardening and 

optimum time of transplanting) for increased seedling survival rate and growth 

uniformity. At present only two-three standard practices are undertaken by 

majority of HHs,   

VIII. Occurrence of high pest infestation at field; pest monitoring and control are 

critical aspects of irrigated vegetable production. Effective pest management 

requires understanding of the pests range in the environment, their life cycles and 

the field conditions in which they proliferate.  

IX. Poor HHs perception and skill on FDS water application rate require frequent 

technical support and supervision to adhere to planned irrigation schedules and 

other on-farm water management practice.  

X. FDS technology benefited HHs from dry season vegetable production. Lack of 

supply of package components and maintenance problems have a potential to 

limit the adoption and sustainability of the system. For instance, water lifting 

devices-treadle pump cylinder clogging and breakage, breakage and lack of 

replacements of fittings and gate valves, algae growth inside elevated platforms-

tankers and lateral emitters clogging by solids and chemicals are some of the 

common problems: 

XI. Clogging of treadle pump cylinder affect FDS:  A number of farmers have had 

their pumps clogged on a regular basis, which affects the FDS. It is caused by 

debris such as crop residues in the water tank. There appear no damage due to 

clogging however timely cleaning of the cylinder heads ensures optimal operation 
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of the drip system. Most HHs have now learned how to dismantle the cylinder 

heads and clean the debris within a short period of time; 

XII. Breakage of the treadle pumps affects FDS: Some HHs treadle pumps have been 

broken at all woredas either due to the poor quality of the product or problems 

during operation.  

XIII. Tank (barrel)joined with FDS should be at least one meter above the ground; 

this help achieve suffiecient pressure to uniformly irrigate the whole area;  

XIV. Algae growth inside tankers affects FDS: Farmers should clean out the algae 

which they see grow in the drums periodically  

XV. Clogging of drip irrigation out-take lines:  A serious problem reported by 

farmers and DA’s in the previous SWHISA woredas was the clogging of holes in 

the lateral pipes. The clogging could be from solids or chemicals in the water 

although farmers believe that the problem is associated with solids not caught by 

the in-line filters. Accumulation of carbonates from the runoff water may be 

another cause. It is currently addressed by simply tapping on the pipe near the 

clogged “pore”. This makes the problem manageable, although it requires 

constant attention during the water application period to ensure all plants receive 

the prescribed amount of water; 

XVI. Farmer capacity to maintain FDS should be built; limited HH skills on immediate 

maintenance and replacement of FDS packages and unavailability of spare parts 

in nearby areas (treadle pump, gate valves, filters and lateral) have aggravated the 

problem of sub-optimal water use. 

 
 

 

 

 

 
 

 
 

 

 

 

 



 57 

10.  REFERENCES 

 

1. Technical Manual for Family Drip Irrigation system by SWHISA and Amhara BoA 

2. Seleshi Bekele Awulachew (IWMI), Philippe Lemperiere (IWMI),Taffa Tulu 

(Adama University): Irrigation methods: Drip irrigation Options for smallholders; 

Improving Productivity and Market Success (IPMS) of Ethiopian farmers project  

International Livestock Research Institute (ILRI), Addis Ababa, Ethiopia 

3. Andreas P. SAVVA And Karen FRENKEN: Iirrigation Pumping Plant 

4. International Development Enterprises Technical Manual for Affordable Micro 

 irrigation Technology, 10403, West Colfax, Suite 500, USA 

5. Lias Anderson, Low-cost Drip Irrigation on Farm Implementation in South Africa 

 CIV.ISSN:1402-1617. ISRN: LTU-EX—05/151—SE, 2005 

6.  FAO Irrigation and Drainage paper 24 Guideline for Predicting Crop Water 

Requirements, FAO, Rome, 1993  

7.  FAO Irrigation and Drainage paper 33 Yield Response to Water, FAO, Rome, 

1993 

8. Technical Manual for Micro Irrigation Technology by Hagbes Pvt.L.td, 2009 

 

 



 

11. ANNEX-1 
 

 



 

Table: Recommended Fertilizer and Chemicals for Selected Horticultural Crops 

 

  

Vegetables 

Fertilizer 

(kg/ha) 

Application rate, time and method in kg/ha Chemicals 

(lt, kg) 

 

DAP 

 

Urea 

 

At planting  

 

2nd application 

onion 85 65 85 DAP, 20 Urea 

using band 

placement 

45 Urea after 4 weeks 

using side dressing 

 

malathion (lt), 

thiophanate 

methyl 70% 

WP (lt)     

pepper 85 130 85 DAP, 70 Urea 

using band 

placement 

60 Urea after 4 weeks 

using side dressing 

 

malathion (lt), 

ridomel (kg) 

tomato 130 80 130 DAP 20 Urea 

using band 

placement 

 

When first fruits are 

marble-size, 60  Urea 

using side-dressing 

malathion (lt), 

ridomel (kg) 

cabbage 50 130 50 DAP 60 Urea 

using band  

 

70  Urea side-dressed 

4 weeks after 

malathion (lt) 

carrot 85 90 85 DAP, 30 Urea 

using band 

placement 

60 Urea after 4 weeks 

using side dressing 

 

malathion (lt 

potato 190 165 190 DAP, 87 Urea 

using band 

placement  

77 Urea after 35 days 

using band placement  

ridomel (kg) 
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