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1 Introduction  

Proper irrigation water management aims at optimum and efficient use of water for best possible crop 

production keeping water losses to the minimum (Hussein and Ermias, 2011). Water is applied to the 

soil surface by a number of irrigation methods. These irrigation methods are adopted to irrigate crops 

with the main objective to store water uniformly in the effective root zone soil. 

2  Overview of irrigation methods    

An adequate water supply is important for plant growth. When rainfall is not sufficient, the plants 

must receive additional water from irrigation. Various methods can be used to supply irrigation water 

to the plants. Each method has its advantages and disadvantages. These should be taken into account 

when choosing the method which is best suited to the local circumstances. A simple irrigation method 

is to bring water from the source of supply, e.g. a well, to each plant with a bucket or a watering can. 

3  surface irrigation methods  

Surface irrigation is the application of water by gravity flow to the surface of the field. Either the entire 

field is flooded (basin irrigation) or the water is fed into small channels (furrows) or strips of land 

(borders). The distinction between the various types involves substantial overlap and no clear-cut 

definition of terminology exists. 

The irrigation system as a whole consists of four subsystems, as illustrated in fig3.1. These are: (1) the 

water supply subsystem, (2) the water delivery subsystem, (3) the water use subsystem, and (4) the 

water removal subsystem. There are many alternative configurations within each subsystem. For 

example, the water supply subsystem can also include direct diversions from rivers or streams or 

pumped flows from groundwater basins in addition the diversions from surface impoundments as 

shown in fig3.1. 
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Source: Walker (2003) 
Figure3.1 Typical elements of a surface irrigation system 

3.1 Furrow irrigation 

Furrows are small channels, which carry water down the land slope between the crop rows. Water 

infiltrates into the soil as it moves along the slope. The crop is usually grown on the ridges between 

the furrows (fig3.2). This method is suitable for all row crops and for crops that cannot stand in water 

for long periods. Irrigation water flows from the field channel into the furrows by opening up the bank 

of the channel, or by means of siphons or spills. 
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Figure3.2. method of furrow irrigation 

3.1.1 When to use furrow irrigation 

Furrow irrigation is suitable for a wide range of crops, slopes and soil types. Furrow irrigation is suitable 

for many crops, especially row crops. Crops those can be damaged, if water covers their stem or 

crown, should be irrigated by furrows.  

3.1.2 Furrow layout  

Appropriate furrow layout depends on furrow length, furrow shape and furrow spacing.  

1. Furrow length 
 

Furrows must fit with the slope, the soil type, the stream size, the irrigation depth, the cultivation 

practice and the field length. The impact of these factors on the furrow length is discussed below. 

 Slope 

The maximum recommended furrow slope is 0.5% to avoid soil erosion. However, a minimum grade 

of 0.05% is recommended so that effective drainage can occur following irrigation or excessive rainfall. 

If the land slope is steeper than 0.5%, then furrows can be set at an angle to the main slope or even 

along the contour to keep furrow slopes within the recommended limits. Furrows can be set in this 

way when the main land slope does not exceed 3%. Beyond this there is a major risk of soil erosion 

following a breach in the furrow system. On steep land, terraces can also be constructed and furrows 

cultivated along the terraces. 
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 Soil type 

In sandy soils water infiltrates rapidly. Furrows should be short (between 10- 30 m), so that water will 

reach the downstream end without excessive percolation losses. In clay soils, the infiltration rate is 

much lower than in sandy soils. Furrows can be much longer on clayey soils than on sandy soils. 

 Stream size 

Normally stream sizes up to 0.5 litre/sec will provide an adequate irrigation provided the furrows are 

not too long. When larger stream sizes are available, water will move rapidly down the furrows and 

so furrows can be longer. The maximum stream size that will not create erosion will depend on the 

furrow slope. It is advised not to use stream sizes larger than 3.0 litres/sec. 

 Irrigation depth 

Applying larger irrigation depths means that furrows can be longer as there is more time 

available for water to flow down the furrows and infiltrate. 

 Cultivation practice 

At farmers farming practice, furrows should be made as short as possible to facilitate the work.  In 

Short furrows, the flow must be changed frequently from one furrow to the next. short furrows   

irrigated more efficiently than long ones, as it is much easier to keep the percolation losses low. 

 Field length 

It is practical to make the furrow length equal to the length of the field, instead of the ideal furrow 

length. As far as possible furrow length should be as short as 10 to 30 meters for efficient and optimal 

control of the water flow.  

 
Source: Brouwer, Prins and others (1985 to 1990). 

Figure3.3 Field length and furrow length 
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2. Furrow shape 

The soil type and the stream size influence the shape of the furrows. 

 Soil type 
In sandy soils, water moves faster vertically than sideways (lateral). Narrow, deep V-shaped furrows 

are desirable to reduce the soil area through which water percolates (fig.3.4). However, sandy soils 

are less stable, and tend to collapse, which may reduce the irrigation efficiency. 

In clay soils, there is fast lateral movement of water and the infiltration rate is much less than for sandy 

soils. Thus a wide, shallow U-shaped furrow is desirable to obtain a large wetted area (fig.3.5) to 

encourage infiltration. 

 

Figure3.4 A deep, narrow furrow on a sandy soil 

 

Figure3.5 A wide, shallow furrow on a clay soil 

 Stream size 

In general, the larger the stream size the larger the furrow must be to contain the flow. 

3. Furrow spacing 

The spacing of furrows is influenced by the soil type and the cultivation practice. 

 Soil type 

As a rule, for sandy soils the spacing should be between 30 and 60 cm, i.e. 30 cm for coarse sand and 

60 cm for fine sand. On clay soils, the spacing between two adjacent furrows should be 75-150 cm.  

for clay soils, double-ridged furrows (sometimes called beds) can also be used. The advantage is that 

more plant rows are possible on each ridge (fig.3.6). 
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Figure3 6 A double-ridged furrow 

 Cultivation practice 

In mechanized farming a negotiation is required between the machinery available to cut furrows and 

the ideal spacings for crops. For small scale farmers like Ethiopia, the standard distance between the 

furrows is established on row planting distances of plants to provide adequate lateral wetting on all 

soil types. 

3.1.3 Irrigating furrows  

Water is supplied to each furrow from the field canal, using siphons or spiles. Sometimes, instead of 

supplying the field canal with siphons or spiles, a gated pipe is used. Depending on the available flow 

in the farm channel, several furrows can be irrigated at the same time.  

A shallow drain should always be made at the end of the field to remove excess water. When no drain 

is made, plants may be damaged by waterlogging. Excessive runoff can be prevented by reducing the 

inflow once the irrigation water has reached the end of the furrows.   

3.1.4 Wetting patterns 

In order to obtain a uniformly wetted root zone, furrows should be properly spaced, have a uniform 

slope and the irrigation water should be applied rapidly. As the root zone in the ridge must be wetted 

from the furrows, the downward movement of water in the soil is less important than the lateral (or 

sideways) water movement. Both lateral and downward movement of water depends on soil type as 

can be seen in figure3.7 (a, b, c). 
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 Ideal wetting pattern 

In an ideal situation adjacent wetting patterns overlap, each other, and there is an upward movement 

of water (capillary rise) that wets the entire ridge (figure3.8), thus supplying the root zone with water. 

 

Figure3.8 Ideal wetting pattern 

To obtain a uniform water distribution along the furrow length, it is very important to have a uniform 

slope and a large enough stream size so that water advances rapidly down the furrow.  

3.1.5 Planting Techniques 

The location of plants in a furrow system is not fixed but depends on the natural circumstances. A few 

examples will be mentioned. 

 In areas with heavy rainfall, the plants should stand on top of the ridge in order to prevent 

damage as a result of waterlogging(fig.3.9) 

 If water is scarce, the plants should put in the furrow itself, to benefit more from the limited 

water(fig.3.10). 

Figure 3.7a. Different wetting 
Patterns in furrows, depending on 
the soil type(sand) 

 

Figure 3.7b. Different wetting 
Patterns in furrows, depending on 
the soil type(loam) 

Figure3. 7c. Different wetting Patterns in 
furrows, depending on the soil type (clay) 
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 As salts tend to accumulate in the highest point, a crop on saline soils should be planted away 

from the top of the ridge(fig.3.11). Usually it is planted in two rows at the sides. However, it 

is important to make sure there is no danger of waterlogging. 

 

Figure3.9 Protection against waterlogging 

 

Figure3.10 Protection against water scarcity 

 

Figure 3.11 Protection against accumulation of salt 

3.1.6 Maintenance of Furrows 

After furrow construction, the furrow system should be maintained regularly. During irrigation it 

should be checked if water reaches the downstream end of all furrows. There should be no dry spots 

or places where water stays ponding. Overtopping of ridges should not occur. The field channels and 

drains should be kept free from weeds. 

3.2 Border Irrigation 

Borders are long, sloping strips of land separated by bunds. They are sometimes called border strips. 

Irrigation water can be fed to the border in several ways: opening up the channel bank, using small 

outlets or gates or by means of siphons or spills. A sheet of water flows down the slope of the border, 

guided by the bunds on either side. 
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Figure3.12 Typical graded border irrigation system. 

 

Figure3.13 Typical level border irrigation system. 

 

Figure3.14 Typical contour levee or border irrigation system. 

3.2.1 When to Use Border Irrigation 

Border irrigation is generally best suited to the larger mechanized farms as it is designed to produce 

long uninterrupted field lengths for ease of machine operations. Borders can be up to 800 m or more 

in length and 3-30 m wide depending on a variety of factors. It is less suited to small-scale farms 

involving hand labour or animal-powered cultivation methods. 

 Suitable slopes 

 Border slopes should be uniform, with a minimum slope of 0.05% to provide adequate drainage and 

a maximum slope of 2% to limit problems of soil erosion. 

 

 Suitable soils 

 Deep homogenous loam or clay soils with medium infiltration rates are preferred. Heavy, clay soils 

can be difficult to irrigate with border irrigation because of the time needed to infiltrate sufficient 

water into the soil.  

 Suitable crops 

 Close growing crops such as pasture or alfalfa are preferred. 

3.2.2 Border Layout 

The length and shape of borders are influenced in much the same way as furrows by the soil type, 

stream size, slope, irrigation depth and other factors such as farming practices and field or farm size. 

Table7.1 provides a guideline to determine maximum border lengths. It must, however, be stressed 
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that this table is for general guidance only as the values are based on field experience and not on any 

scientific relationships. However, for farmers managed irrigation fields of Ethiopia, the border lengths 

should be as minimum as 10 to 20meters for efficient irrigation application. 

Table3.1 suggested maximum border lengths and widths 

Soil type Border slope (%) 
Unit flow per 

meter width(l/s) Border width (m) 
Border 

length(m) 

Sand 0.2-0.4 10-15 12-30 60-90 

Infiltration rate greater 
than 25mm/h 

0.4-0.6 8-10 9-12 60-90 

0.6-1.0 5-8 6-9 75 

Loam 0.2-0.4 5-7 12-30 90-250 

Infiltration rate of      10 
t0 25mm/h 

0.4-0.6 4-6 6-12 90-180 

0.6-1.0 2-4 6 90 

clay 0.2-0.4 3-4 12-30 180-300 

Infiltration rate less than 
10mm/h 

0.4-0.6 2-3 6-12 90-180 

0.6-1.0 1-2 6 90 

Note: The flow is given per metre width of the border. Thus the total flow into a border is equal to the unit 
flow multiplied by border width (in metres). 

 

3.2.3 Irrigating Borders 

Borders are irrigated by diverting a stream of water from the channel to the upper end of the border. 

The water flows down the slope. When the desired amount of water has been delivered to the border, 

the stream is turned off. This may occur before the water has reached the end of the border. There 

are no specific rules controlling this decision. However, if the flow is stopped too soon there may not 

be enough water in the border to complete the irrigation at the far end. If it is left running for too 

long, then water may run off the end of the border and be lost in the drainage system. As a guideline, 

the inflow to the border can be stopped as follows: 

 On clay soils, the inflow is stopped when the irrigation water covers 60% of the border. If, for 

example, the border is 100 m long a stick is placed 60 m from the farm channel. When the 

water front reaches the stick, the inflow is stopped. 

 On loamy soils it is stopped when 70 to 80% of the border is covered with water. 

 On sandy soils the irrigation water must cover the entire border before the flow is stopped. 

However, realistic rules can only be established locally when testing the system. 

3.2.4 Wetting patterns 

As with the other irrigation methods it is important to ensure that adequate irrigation water is 

supplied to the borders so that it fills the root zone uniformly. However, there are many common 

problems which result in poor water distribution. These include: 

A. Poor land grading 

If the land is not graded properly and there is a cross-slope, the irrigation water will not spread evenly 
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over the field. It will flow down the slope always seeking the lowest side of the border (figure3.15). 

This can be corrected by grading the border to eliminate the cross-slope or by constructing guide 

bunds in the border to prevent the cross flow of water 

 

Figure3.15 Effect of a cross-slope on the water movement in a border 

B. Wrong stream size 

A stream size which is too small will result in deep percolation losses near the field channel (fig.3.16), 

especially on sandy soils. If the stream size is too large the water will flow too quickly down the border 

and the point where the flow should be stopped is reached before sufficient water has been applied 

to fill the root zone (fig3.17). In this situation the flow will need to be left running until the root zone 

has been adequately filled and this results in considerable losses from surface runoff. Large stream 

sizes may also cause soil erosion. 

 

Figure3.16. Stream size too small 
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Figure 3.17. Stream size too large 

C. Inflow stopped at the wrong time 

If the inflow is stopped too soon, the water may not even reach the end of the border. In contrast, if 

the flow is left running too long, water will run off the border at the downstream end and be lost in 

the drainage system. 

3.2.5 Maintenance of Borders 

Maintenance of borders consists of keeping the border free from weeds and uniformly sloping. 

Whatever damage occurs to the bunds must be repaired and the field channel and drains are to be 

weeded regularly. By checking frequently and carrying out immediate repairs where necessary, 

further damage is prevented. 
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