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MODULE 1: IRRIGATION WATER MANAGEMENT  
 

Objective: To introduce trainees what plants need to grow and what is irrigation water management.  

Topics: what plants need to grow?  
Target Group: Region, zone and Woreda experts.   

Materials: Flip charts, handouts and exercise. 

Methods: brain storming 

Duration: 30 minutes 

 

1.1 Introduction 

? 
 

As a brain storm ask trainees what plants need to grow, why?  

 
All plants require water, air, light and media to survive, grow and reproduce (Fig. 1). The soil acts as a 
media and gives stability to the plant, stores water and nutrients that the plants can take up through their 
roots. The sunlight (light) provides the energy which is necessary for plant growth and photosynthesis. The 
air allows the plants to "breath". Water is needed for photosynthesis, respiration, absorption, translocation 
and utilization of mineral nutrients. 
 

 

   Figure 1.  Plants requirement for growth and reproduction 
 

Without water crops cannot grow. Too much water is not good for many crops either. Apart from paddy 
rice, there are only very few crops which like to grow "with their feet in the water".  If there is too much 
water in the soil there will not be enough air. The excess water must be removed otherwise the soil is 
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water logged, which could also restrict plant growth and development. If there is too little water in the soil 
will reduce plant growth and development, restricting yield or causing the plant to die and thus it must be 
supplied from other sources. Therefore, adequate water supply is important for plant growth.  

The most well-known source of water for plant growth is rain water. When the rainfall is not sufficient, the 
plants must receive additional water from other sources. It may be provided partially or entirely by artificial 
means called Irrigation. The main objective of irrigation is to provide plants with sufficient water to prevent 
stress that may cause reduced yield or poor quality of harvest. The required timing and amount of applied 
water is governed by the prevailing climatic conditions, crop and stage of crop, soil moisture holding 
capacity and the extent of root development as determined by type of crop, stage of growth, and soil.   The 
process by which irrigation water is controlled and used in the agricultural production is called Irrigation 
Water Management, IWM.   

The irrigation is normally applied on the surface of the soil and water must infiltrate the surface and move 
downward throughout the root zone.  Irrigation water management requires determining when to irrigate 
and how much water to apply in each application. Thus, Knowledge of crop water requirement and soil 
properties are essential for management of irrigation water. 
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1.2 Crop Water Requirement 
 

Objective: to enhance the understanding of the trainees about the importance of calculating crop water 
requirement of different crops in a given growing season  

Topic: Factors Affecting ETcrop 

Target Group:  Region, zone and Woreda experts.   

Materials: Flip chart, marker, white board, computer and LCD  

Methods: brain storming and plenary discussion  

Duration: 30 minutes  

 

? 

Ask trainees what is crop water requirement and discuss each factors that affects crop water 
requirement  

 

Crop water requirement is the total quantity of water, regardless of its sources, required by the crop in a 
given growing season (from the time it is sown to the time it is harvested) for compensating the 
evapotranspiration loss plus water used for digestion, photosynthesis, transportation of minerals and 
foods, and also for structural support. The plant roots extract the required water from the soil. 

The water transpired by the plant leaves as vapour and water evaporated from wet surfaces plus water 
used for other processes (digestion, photosynthesis, transportation) is generally referred to as crop 
consumptive use (CU) which synonyms to crop water requirement (CWR) or crop evapo-transpiration 
(ETcrop).  Thus, CU exceeds ETcrop by the amount of water used for digestion, photosynthesis, 
transportation etc. Since this difference is usually less than one percent, ETcrop and CU are normally 
assumed to be equal. Therefore, the term crop water requirement, crop evapotranspiration and 
consumptive use could be used interchangeably. 

The water requirement of a plant is usually expressed in mm/day, mm/month or mm/season. Suppose the 
water need of a certain plant in a very hot, dry climate is 10 mm/day. This means that each day the plant 
requires a water layer of 10 mm over the whole area on which the plant is grown. It does not mean that 
this 10 mm has to indeed be supplied by rain or irrigation every day. It is, of course, still possible to supply, 
for example, 50 mm of irrigation water every 5 days. The irrigation water will then be stored in the root 
zone and gradually be used by the plants.  
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Figure 2.   Representation daily water requirement of 10mm 

1.2.1 Factors Affecting ETcrop 
The water requirements of plants varied with the plant species and varieties, length of growing season, 
plant growth stages and climate. 

1.2.1.1 Climate factors affecting ETcrop 
A certain plant grown in a sunny, dry humidity and windy climate needs per day more water than the same 
plant grown in a cloudy and cooler climate. When it is dry, the crop water requirement is higher than when 
it is humid. In windy climates, the plants will use more water than in calm climates. The time of the year 
during which crops are grown is also very important. A certain crop variety grown during the cooler months 
will need substantially less water than the same crop variety grown during the hotter months. Climatic 
factors which influence the plant water requirement are shown Fig. 3.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                              Figure 3. Major climatic variables affecting ET 

OR application of 10mm Irrigation water 
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1.2.1.2 Crop type affecting ETcrop 
Tomato requires less water than pepper and more water than onion. Moreover, fully grown tomato will 
need more water per day than a fully developed onion. Shorter duration plants require less water than 
longer duration crops  

Table 1 gives some Indicative values for the duration of the total growing season and the crop water 
requirement for the vegetable crops. There is a large variation of values not only between crops, but also 
within one crop type. It should, however, be noted that these values are only rough approximations and it 
is much better to obtain the values locally.  In general, it can be assumed that the growing period for a 
certain crop is longer when the climate is cool and shorter when the climate is warm.  
 

1.2.1.3 Growth stages affecting ETcrop 
The duration of the total growing season has an enormous influence on the seasonal crop water 
requirement. Fully grown tomato will need more water than at early and late growth stage of the same 
plant. As has been discussed before, the crop water need or crop evapotranspiration consists of 
transpiration by the plant and evaporation from the wet surface. When the plants are very small the 
evaporation will be more important than the transpiration. The ETcrop increases gradually from crop 
development stage to the beginning of mid-season. The maximum crop water requirement is reached at 
the end of the crop development stage which is the beginning of the mid-season stage until it reaches 
repining stage. When the plants are fully grown the transpiration is more important than the evaporation. 
The ETcrop also gradually declines from the end of mid season stage which is the beginning of the ripening 
stage till maturity (Fig. 4). 

 

 
Figure 4. Plant growth stages 
   Table 1. Some indicative values of total growing season and crop water requirement for vegetable 

crops 
 

Crop Total growing period (days) Seasonal ETcrop  (mm) 
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Cabbage 100 – 150 350 – 500 
Carrot 100 – 120 350 – 550 
Onion 135 – 175 350 – 550 
Pepper 120 – 150 600 – 900 
Potato 105 – 150 500 – 700 
Tomato 90 – 180 400 – 600 
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1.3 Soil and Water 
 

Objective: Enhance Participants understanding on the importance of soil and water for plant  

Topics:  

 Soil moisture  
 Method of measuring soil water contents 
 Soil salinity 
 Water quality  

Target Group:  Beneficiaries, IWUA management committees, DAs, Kebele water technicians, Woreda 
experts.   

Materials: Flip chart, marker, white board, computer and LCD, moisture content measurement instruments 
(Tensiometer, Neutrone probe, soil texture triangle, different types of soil textures) 

Methods: brain storming, group work exercise presentation, conclusion or generalization    

Duration: 1 day 
 

? brain storm participants  by asking:   
 the importance of soil and water for plant growth 
 Why you need to know about soil texture, soil structure, soil infiltration, soil 

salinity in relation soil moisture and plant growth the importance  
 

 

The soil is an important element in the success of crop production. Their physical, chemical and biological 
features will partly determine the irrigation provision and greatly influence irrigation management and 
ultimately crop performance. The soil is a habitat for plants and stores water. This water must be available 
when plants require it. The water is also is a solvent that, together with the dissolved nutrients, makes up 
the solution. The soil moisture will also help control two other important components so essential for 
normal plant growth, viz., soil-air and soil temperature. The availability of soil-water to plants depends 
upon soil properties such as texture, structure, depth, density, porosity, infiltration and permeability. 
Therefore, it is essential to now some of important behavior and physical characteristics of the soil in this 
regard. 

1.3.1 The soil 
Soil is heterogeneous mass and composed of mineral particles and organic matter. The soils originate from 
the degradation of rocks and are called mineral particles. Some originate from residues of plants or animals 
(rotting leaves, pieces of bone, etc.), these are called organic particles (or organic matter). The soil particles 
seem to touch each other, but in reality have spaces in between. These spaces are called pores. When the 
soil is "dry", the pores are mainly filled with air. After irrigation or rainfall, the pores are mainly filled with 
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water. Living material is found in the soil. It can be live roots as well as beetles, worms, larvae etc. They 
help to aerate the soil and thus create favorable growing conditions for the plant roots (Fig. 5). 

 

The soil also stores nutrient and allows the roots of plants to grow and permits the withdrawal of water 
and nutrient during the plants growth life time. However, the soil characteristics such as texture, structure, 
bulk density, depth of soil, infiltration or intake characteristics, salinity and water retention characteristics 
influence farming. 
 

 
Figure 5.  Composition of a soil 

 

1.3.1.1Soil profile 
If a pit is dug in the soil at least 1 m deep, various layers of different in colour and composition can be seen. 
These layers are called horizons. This succession of horizons is called the profile of the soil (Fig. 6).  
 

 
Figure 6. The soil profile 

Figure 6 also shows a plant growing in soil and extends its root system a certain depth into the soil, referred 
to as the “root zone”.  
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1.3.1.2 Soil texture 
The term soil texture refers to the size range of mineral particles in the soil. These minerals particles are 
identified by the term ‘clay’, ‘silt’ and ‘sand’. The texture of a soil is determined mainly by its proportion of 
clay, silt and sand content. 

 
Figure 7.  The soil texture triangle (from Handbook No. 436 U.S. Department of Agriculture, 

Washington, D.C., 1975) 

 
 
To make clear distinction in texture, the percentage of sand, silt and clay in a given soil is first determined 
in a laboratory. Using the data, the texture group is determined by means of a chart called textural triangle 
chart (Fig. 7). The texture of a soil has a very important influence on the flow of soil water, circulation of air 
and the rate of chemical transformations which are of importance to plant life. 

 

As a general guide a soil is described as: 
 Sandy if it has more than 50 % sand and called coarse-textured soils 
 Loamy if it has appreciable sand not more than 30 %  of clay and called 

medium-textured soils 
 Clayey if it has more than 30 % of clay and less than 50 % of sand and are called 

fine-textured soils 
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1.3.1.3 Soil structure 
Soil structure refers to the degree in which individual soil particles aggregate into groups. The particles of 
coarse grained soils tend to function as individuals, while the aggregated particles of fine texture soils tend 
to form granules. The size and shape of these particle groups, and their stability is defined as the soil 
structure. 

Structures are developed and improved by cyclic of wetting and drying, freezing and thawing and 
combination of these conditions. Organic matter adds stability to the soil aggregate and serves as a cushion 
against the effect of tillage. Excessive irrigation, plowing, or otherwise working fine textured soils, when 
either too wet or too dry, tends to destroy the structure. Favorable soil structure particularly in fine 
textured soils is essential to the satisfactory movement of water and air. The permeability of soils to water, 
air and roots, provided by favorable soil structure is equally important to crops growth as are adequate 
supplies of nutrient. The basic types of aggregate arrangements are shown in Fig. 8. Common names for 
structural types are platy, prismatic, columnar, block, granular and crumb. The most favorable soil 
structures for agriculture production are usually prismatic, blocky and granular structures. Platy and 
massive structures which are almost identical in their form impede the downward movement of water. 
Unlike soil texture, the structure of the soil can be improved. 
 

 
 

Figure 8. Types of soil structure and their effect on downward movement of water 
 

Both soil texture and structure directly influence the shape, size and volume fraction of soil pores. Soil 
structure governs characteristics of major concern for plant growth: aeration, temperature, movement of 
soil solution, microbial activity and root penetration. 



  
 

13 | P a g e  
 

1.3.1.4 Soil depth 
Soil depth refers to the thickness of the soil materials which provide structural support, nutrients, and 
water for plants. The depth of soil in which to store satisfactory amounts of water should be given due 
emphasis.  Shallow soils require frequent irrigation water to keep crops growing. Deep soils of medium 
texture and loose structure permit plants to root deeply, provide for storage of large volumes of /irrigation 
water in the soil, and consequently sustain satisfactory plant growth during relatively long periods between 
rain/irrigation.  

The volume of water actually absorbed by the same plant roots and consumed to produce a crop may be 
practically the same for shallow and deep soils, provided the plants are grown under the same climatic 
condition. Under irrigated condition, more water is required during the crop growth season to irrigate a 
given crop on a shallow soil than is required for the same crop under a deep soil. The larger number of 
irrigation required for shallow soils and greater unavoidable water losses at each irrigation on shallow soils 
account for differences in practical water requirement for different soils during the season.  

1.3.1.5 Soil bulk density 
Bulk density refers to the soil overall density/compactness of a soil and should be distinguished from the 
soil density of the solid soil constituents, usually called the particle density. The bulk density is affected by 
structure of the soil, i.e., its looseness or degree of compaction, as well as by its swelling and shrinkage 
characteristics, which are dependent upon clay content and wetness. In sandy soil, soil bulk density can be 
as high as 1.6 gm/cm3, where as in loams and clay soils, it can be as low as 1.0 gm/cm3. 

1.3.1.6 Soil porosity 
Roots require oxygen for respiration and other metabolic activities. They also absorb water and dissolved 
nutrients from the soil, and produce carbon-dioxide, which has to be exchanged with oxygen from the 
atmosphere. This aeration process requires open pore space in the soil. If roots are to develop well, water 
plus nutrient and air must be available simultaneously. The soils contain small pores (micro-pores) and 
large pores (macro-pores). The small pores are used for the storage of water and the large pores are used 
as channels for the exchange of air and provide adequate drainage condition. 

Course-textured soils (sandy soils) have a small percentage of total pore spaces, while fine textured soils 
(clays) have a greater percentage of total pore space. 

1.3.1.7 Soil infiltration 
Soil infiltration refers to the downward flow of water through the soil surface. It is one of the important soil 
properties having greater importance to irrigation. The infiltration rate depends on physical properties of 
the soil, such as texture, structure, porosity, moisture content of the soil, degree of compaction, organic 
matter etc. Knowledge of the soil infiltration rate is a prerequisite for efficient soil and water management. 
Typical infiltration rate for different soil texture is given in Table 2. 

 

 

 

Table 2. Infiltration rates related to soil texture 
Soil texture Representative, I 

(mm hr-1) 
Normal range of I 
(mm hr-1) 

Category 

Sandy 50 20 – 250 Rapid 
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Sandy loam 20 10 – 80 Moderate rapid 
Loam 10 10 – 20 Moderate 
Clay loam 8 2 – 15 Moderately slow 
Silty clay 2 0.3 – 5 Slow 
Clay 0.5 0.1 – 8 Very slow 

1.3.2 Salinity 
All soils and irrigation water contains a mixture of soluble salts, not all of which are essential for plants 
growth. Salts are toxic to plants when present in high concentration. Some plants are more tolerant to a 
high salt concentration than others. Table 3 provides salt tolerance level for some vegetable crops.  

Table 3. Salt tolerance of vegetable crops 
Crop ECe threshold (dS/m) Crop ECe threshold (dS/m) 
Cabbage 1.0 – 1.8 Pepper 1.5 – 1.7 
Carrot 1.0 Potato 1.7 
Onion 1.2 Tomato 0.9 – 2.5 

Most crops do not grow well on soils that contain salts. One reason is that salt causes a reduction in the 
rate and amount of water that the plant roots can take up from the soil. The salts concentration of the soil 
solution is usually higher than that of the applied water. This increase in salinity is the results from plant 
transpiration and soil surface evaporation which selectively remove water concentrating the salts in the 
remaining soil water. 

1.3.2.1 Soil salinity 
A soil may be rich in salts. Salts in soil can develop from the weathering of primary minerals or be deposited 
by wind or water that carries salts. The most common source of salts in irrigated soils is the irrigation water 
itself. After irrigation, the water added to the soil is used by the plant or evaporates directly from the moist 
soil. The salt, however, is left behind in the soil. 

  
The salt affected soils can be classified under three classes as Saline, Saline-sodic and sodic based on 
general EC, SAR and pH. The salinity and sodicity are commonly occurring in arid and semi-arid climatic 
conditions. The USDA classification of salt-affected soils is given in Table 4. 

Table 4. USDA classification of salt affected soils 
Soils        ECe  

(dS m-1) 
ESP pH Description 

Saline soils >  4 < 
15 

Usua
lly < 8.5 

Non-sodic soils containing sufficient soluble salts 
to interfere with plant growth of most crops 

Saline-sodic 
soils 

>  4 > 
15 

Usua
lly < 8.5 

Soils with sufficient exchangeable sodium to 
interfere with growth of most plants, and 
containing appreciable quantities of soluble salts 

Sodic soils < 4 >  
15 

Usua
lly >  8.5 

Soils with sufficient exchangeable sodium to 
interfere with growth of most plants, but without 
appreciable quantities of soluble salts 

1.3.2.2 Water quality 
The quality of irrigation water is judged by the amount of suspended and dissolved materials it contains. All 
irrigation water contains dissolved or suspended materials. Suspended materials can be removed with 
filters. Crop yield can be reduced significantly when the dissolved materials or salinity of the irrigation 
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water, is high enough. In some case, even though the salt content of the water is low, continued irrigation 
application may gradually build up the salt content in the root zone. Nevertheless, irrigation water quality is 
commonly assessed in terms of soluble salts content, percentage of sodium, boron and bicarbonates 
contents. High amounts of exchangeable sodium can cause soil particle dispersion that reduces soil 
structure and restricts air and water movement into and within the soil. Sodium, chloride, boron and other 
ions are toxic to many plants when present in sufficient concentrations. Table 5 indicates the classification 
of water quality for irrigation. 

Table 5. Guidelines for evaluating irrigation water quality 
 
Potential irrigation problem 

 
Units 

Degree of restriction on use 
None Slight to moderate Severe 

Salinity: (affecting crop) 
             ECw\ 
                       or 
             TDS 

 
dS m-1 
 
mg lt-1 

 
< 0.7 
 
< 450 

 
        0.7 – 3.0 
 

450  - 2000 

 
>3.0 
 
>2000 

Infiltration (affecting soil) 
     SAR = 0  –  3 and ECw = 
             =  3 –   6                 = 
             =  6 – 12                 = 
             = 12 - 20                 = 
             = 20 – 40                = 

  
>  0.7 
> 1.2 
> 1.9 
> 2.9 
> 5.0 

 
0.7 – 0.2 
1.2 – 0.3 
1.9 – 0.5 
2.9 – 1.3 
5.0 – 2.9 

 
< 0.2 
< 0.3 
< 0.5 
   <  1.3 
   < 2.9 

Specific ion toxicity 
(affects sensitive crop) 
Sodium (Na)   surface 
                        Sprinkler 

 
 
SAR 
me lt-1 

 
 
< 3 
< 3 

 
 
3 – 9 
>  3 

 
 
>  9 
 

Chloride ( C )  Surface 
                        Sprinkler 

me lt-1 
me lt-1 

< 4 
< 3 

4 – 10 
> 3 

>  10 

Boron ( B )  me lt-1 < 0.7 0.7 – 3.0 > 3.0 
Miscellaneous effect 
(Affect susceptible crops) 
Nitrogen (NO3   -  N) 
Bicarbonate (HCO3) 
(overhead sprinkling only) 

 
 
me lt-1 
me lt-1 

 
 
< 5 
< 1.5 

 
 
5  -  30 
1.5  -  8.5 

 
 
> 30 
> 8.5 

Ph  Normal range 6.5  -  8.4 
 

1.3.3 Soil moisture 
Plant growth is determined to large extent by the availability of soil moisture, provided there are sufficient 
nutrients and oxygen in the soil. If the soil is waterlogged, there will be little dissolved oxygen available and 
the amount of air space within the soil will be reduced. With most crops, the roots will die if they are 
submerged for a period of 3 days.  High water table and inadequate drainage will result in a shallow root-
zone depth.  

The soil moisture is alternatively depleted through ET and replenished by rain//irrigation water. 
Understanding of the factors that determine the availability of soil moisture is, therefore fundamental to 
efficient irrigation practices. 
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1.3.3.1 Soil moisture constants 
The field capacity and permanent wilting point represent the upper and lower limits of water storage in the 
soil and are called the soil moisture constants. Some of the soil moisture characteristics are shown in Fig. 9. 

 
 Saturation: the condition in which all the pore spaces in a soil are filled completely 

with water.  A soil is saturated or nearly so for a short time after water is 
applied until drainage takes place. 

 
 Field Capacity, FC: water held in excess will be drained away by gravity and when the rate 

of downward movement of water by gravity ceases, a soil is said to reach 
FC. This will take place 2 to 3 days after heavy rain or irrigation. The FC is, 
therefore, the approximate starting point from which plants began to use 
water from the soil. At FC the macro pores are filled with air and the micro 
pores are filled with water 

 
 Permanent Wilting Point, PWP: the moisture content of the soil below which the plants 

can not readily obtain water and plant remain wilt (die). Some plants will 
not wilt but show other signs such as decreased plant height and change of 
colour. Temporary wilting could occur on a hot, windy day, particularly in 
the case of broad-leafed plants, even when the soil is well supplied with 
water, plants usually recover from wilting when atmospheric conditions 
change. For all practical purpose the value of FC and PWP is fixed. 

 

 
Figure 9. Some of soil moisture characteristics 

 
Total Available Soil Water content, TASW: It is the difference between FC and PWP. Soils differ in their 
capacity to store water. Coarse like sandy soils have less available water than well-structured clay soils, 
because most of the pores in sandy soils are too large to retain water. Organic matter increases the 
available soil water capacity. Table 6 shows the range of FC, PWP and available water content for different 
soils. 
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Table 6. Range of FC, PWP and ASWC under different soils 
Soil texture FC PWP TASW 

( % ) (mm m-1) ( % ) (mm m-1) ( % ) (mm m-1) 
Sandy (L) 6 – 12 100 – 200 2 – 6 30 – 100 4 – 6 70 – 100 
Sandy loam (L) 10 - 18 140 – 270 4 – 8 60 – 120 6 – 10 90 – 150 
Loam (M) 18 – 16 250 – 360 8 – 12 110 – 170 10 – 14 140 – 190 
Clay loam (M) 23 – 31 300 – 430 11 – 15 140 – 210 12 – 16 170 – 220 
Silty clay (H) 27 – 35 340 – 460 13 – 17 160 – 230 14 – 18 180 – 230 
Clay (H) 31 – 39 370 – 500 15 – 19 180 – 250 16 – 20 190 – 260 

L = light soils; M = Medium soils; H = Heavy soils 
 

1.3.3.2 Readily Available Soil Moisture / Allowable Soil Moisture Depletion, ASMD 
It is the portion of the total available water (FC – PWP) which is most easily extracted by the plant roots 
without creating stress. The water content approaching PWP cannot be easily extracted by the plant roots. 
Therefore, only part of the TASW is used before the next irrigation. The term Maximum/management 
Allowable Deficiency, MAD, can be used to compute the amount of water that can be used without 
adversely affecting the plants and can be expressed as a fraction of the TASW. This value varies with the 
crop type and could be obtained experimentally.  Once the MAD is known, it is possible to compute the net 
irrigation water requirement, IRn, necessary to restore the main root-zone, Rz, to FC.  Values of MAD 
together with the maximum rooting depth for varies crops is given in Table 

Table 7.  Some of the rooting depth of fully grown vegetable crops and MAD 
Crop Rz (cm) MAD (fraction) 
Cabbage 40 – 50 0.45 
Carrots 45 – 65 0.35 
Onion 30 – 50 0.25 
Peppers 50 – 100 0.25 
Potatoes 40 – 60 0.25 
Tomatoes 70 – 150 0.40 

 

1.3.4 Method of measuring soil water contents 

1.3.4.1 Oven dry method 
One of the commonest methods of determining soil moisture content is the oven-dry method. It consists of 
taking a soil sample of approximately 200 grams, determining its exact weight, and drying the sample in an 
oven at a temperature of 105 centigrade for 24 hours, then weighing the sample and determining the 
moisture loss by subtracting the oven-dry weight from the moist weight. 
 
 
 

1.3.4.2 Gypsum-block method 
The electrical properties of conductance or resistance can be used to indicate the moisture content of soils. 
The electrical properties of soils change when moisture content changes 

Moisture content is expressed as a percentage of the oven-dry weight of the soil: 
                = weight of wet soil (gm) – weight of dry soil (gm) X 100  
                                            Weight of dry soil (gm) 
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Porous blocks of gypsum containing electrical elements are placed in the soil. The moisture content of the 
blocks changes as the soil moisture content changes. As the moisture increases, the amount of gypsum in 
solution increases and the resistance between electrical elements in the block decreases.  Therefore, the 
more water in the soil is the lower the resistance. 
 

 

Figure 10. Three Resistance blocks installed in the field 

To measure soil moisture, the blocks are buried in the ground at the desired depth, with wire leads to the 
soil surface. A meter is connected to the wire leads and a reading is taken. The interpretation of the reading 
is given in Table 8.  
 
Table 8.   Interpretation of Readings on Electrical Resistance Meters as Related to Soil Water Tension 
Soil moisture condition Bars Tension Meter Readings* Interpretation 
Nearly saturated less than 0.05 0 to 5 Near saturated soil. Occurs for a few 

hours following a rain/irrigation. 
Field capacity 0.10 to 0.20 5 to 20 Field capacity. Irrigations 

discontinued in this range. 
Irrigation range 0.20 to 0.60 20 to 60 Usual range for starting irrigation. 

Starting irrigation in this range 
insures maintaining readily available 
soil moisture at all times 

Dry greater than 0.60 more than 60 Stress range for most soils and 
crops. Some soil moisture present 
but dangerously low for maximum 
plant growth and production 

* These readings will vary according to meter type and soil type. 

Materials such as fiber glass and nylon have also been used for making blocks. Gypsum blocks operate best 
at tensions between 1 and 15 atmospheres, while nylon blocks are more sensitive and function best at 
tensions less than two atmospheres. Because of their volubility, gypsum blocks deteriorate in one to three 
seasons. Gypsum blocks are less sensitive than nylon and fiber glass blocks to soil salts. 

1.3.4.3 Tensiometer 
A Tensiometer is a sealed, water-filled tube with a porous ceramic tip on the lower end and a vacuum 
gauge on the upper end. The tube is installed in the soil with the ceramic tip placed at the desired root 
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zone depth and with the gauge above ground. As soil dries out, the soil particles retain the water with 
greater force. Tensiometer measure how tightly the soil water is being held. The interpretation of the 
reading is given in Table 9. In dry soil, water is drawn out of the instrument, reducing the water volume in 
the tube and creating a partial vacuum which is registered on the gauge. The drier the soil, the higher is the 
reading. 

 
Figure 11:  Tensiometer installed in the field 

 
When the soil receives water through rainfall or irrigation the action is reversed. The vacuum inside the 
tube draws water from the soil back into the instrument which in turn results in lower gauge readings.  
Tensiometer work well in soils with high soil-water content, but tend to lose good soil contact when the soil 
becomes too dry. 
Table 9. The interpretation of the Tensiometer reading  
Reading (in Centibar )  Interpretation 
0 Very wet – Saturated  
10 – 25 Favorable moisture and aeration condition  
25 – 40 It is required to irrigate for most sensitive plants with shallow root system 

and light soils  
40 – 50 It is required to provide irrigation for plants with moderate water needs  
50 – 70 It is required to provide irrigation for plants with deep rooted system 

growing on moderate soils – in case of heavier soils, one can start irrigation 
later when the gauge reading is about to reach the value of 70 centibars. 
Beyond 70 is stress range  

80 Relatively dry soil  
 

1.3.4.4 Neutron probe 
A neutron probe is a device used to measure the quantity of water present in soil. The neutron probe has 
been used extensively in research to determine soil moisture. A neutron probe contains a radioactive 
source that sends out fast neutrons. When fast neutrons hit a hydrogen atom, they slow down. A detector 
within the probe measures the rate of fast neutrons leaving and slow neutrons returning. This ratio can 
then be used to estimate soil moisture content. However, because every soil has some background 
hydrogen sources that are not related to water, calibration is important for each soil. To measure soil 
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moisture with a neutron probe, an access tube is installed into the ground. Then, the probe (which contains 
the radioactive source and the detector) is lowered to the desired depth (Fig. 12.). 

 
Figure 12: A Neutron probe measuring soil moisture in the field 

 

1.4.2.5 Feel method 
Feel method involves estimating soil-water by feeling the soil. Determining soil moisture by feeling the soil 
has been used for many years by researchers and growers alike. By squeezing the soil between the thumb 
and forefinger or by squeezing the soil in the palm of a hand, a fairly accurate estimate of soil moisture can 
be determined.  A soil probe is used to sample the soil profile. Soil moisture is evaluated by feeling the soil. 
Then a chart is used to judge relative moisture levels. It is important to sample numerous locations 
throughout the field as well as several depths in the soil profile. It takes a bit of time and some experience, 
but it is a proven method. Table 10 gives a description of “how the soil should feel” at certain soil moisture 
levels. 

 
Table 10. Guide for judging how much of available moisture has been removed from the soil  
Depletion of 
Available Soil 
Moisture in % 

Feel or appearance of  soil and moisture deficiency in centimeters of water per water 
of soil                                                                   
Coarse texture        Moderately coarse   

texture 
Medium texture       Fine & very fine 

texture 

0 
(Filed capacity) 

Upon squeezing, 
no free water 
appears on soil but 
wet outline of bell 
is left on hand           

Upon squeezing 
free water appears 
on soil but wet 
outline of ball is 
left on hand                   

Upon squeezing, 
no free water 
appears on soil but 
wet outline of ball 
is left on hand              

Upon squeezing, 
no free water 
appears on soil but 
wet outlying of ball 
is left on hand             

0 – 25 Tends to stick 
together  slightly, 
sometimes forms a 
very weak ball 
under pr  

Forms week ball, 
breaks easily, will 
not slick  

Forms a ball, is very 
pliable, slicks 
readily if relatively 
high in clay  

Easily ribbons out 
between fingers, 
has slick feeling 

25-50 Appears to be dry, 
will not form a ball 
with pressure  

Tends to ball 
under pressure but 
seldom holds 
together 

Forms a ball 
somewhat plastic, 
will slick slightly 
with pressure  

Forms a ball, 
ribbons or between 
thumb and fore-
finger  

50-75 Appears to be dry, Appears to be dry, Somewhat crumbly Somewhat pliable, 
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Depletion of 
Available Soil 
Moisture in % 

Feel or appearance of  soil and moisture deficiency in centimeters of water per water 
of soil                                                                   
will not form a ball 
with pressure 

will not form a ball  but holds together 
from pressure 

will ball under 
pressure 

75-100 
(100 percent is 
permanent wilting 
point) 

Dry, loose single 
grained, flows 
through fingers 

Dry, loose, flows 
through fingers 

Powdery, dry, 
sometimes slightly 
crusted but easily 
broken down into 
powdery condition  

Hard, baked, 
cracked, 
sometimes has 
loose crumbs on 
surface 
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1.4 Irrigation Water Requirement 
 

Objective: To enhance the skills of the participants of the training course with regard to irrigation water 
requirement  

Topics:  irrigation efficiency, leaching requirement  

Target Group: Beneficiaries, DAs, water technicians, different committees of IWUAs, responsible experts 
from woreda  

Materials: Computer and LCD, handout and exercise book  

Methods: Lecturing 

Duration: ½ hour  

 

Irrigation is generally defined as the artificial application of water by human being to soil for the purpose of 
supplying the moisture essential for plant growth and production.  The total amount of water that must be 
supplied by irrigation during the crop growth period is termed as irrigation water requirement (net, IRn). 
The irrigation water requirement of a certain crop is, therefore, the difference between the crop water 
need and that part of the rainfall which can be used by the crop (the effective rainfall). Mathematically it 
can be expressed as: 
 

 
 
 
 

Suppose a tomato crop grown in a certain area has a total growing season of 150 days from February to 
June. The rainfall incidence, as recorded from the meteorological station, and the ETcrop, as predicted from 
certain model, are as shown in Table 11.  
Irrigation water requirement for the tomatoes can be calculated on a monthly basis and for the total 
growth period. The total ETcrop of tomatoes over the entire growing season is 786 mm of which 68 mm is 
supplied by rainfall. The remaining quantity (786 - 68 = 718 mm) has to be supplied by irrigation. 

 

 

 
 

 
Table 11. Irrigation water requirement 
Table 11: Rainfall incidence 

 
 Gross irrigation amount (mm)  =   Net amount (mm)  

Irrigation efficiency  
 

  =  Management Allowable Depletion (MAD) 
                                                                                      Irrigation efficiency 

IRn (mm)  = ETcrop (mm) – Effective rainfall (mm) 
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Months  Feb  Mar  Apr  May  June  Total 
ETcrop (mm/month) 69  123  180  234  180  786 
Rainfall: P (mm/month)  20    38    40    80    16  194 
Effective rainfall: Pe (mm/month)    2    13    14    39     0    68 
Net-irrigation water requirement, IR n(mm) 67 110 166 195 180 718 
Gross irrigation requirement, Ea = 0.70 98 157 237 279 257 1026 

 

1.4.1 Irrigation efficiency 
While transporting and applying water to the irrigated field, some wastage occurs. Water losses could 
occur even in best irrigation water management. Thus, some losses of irrigation water are inevitable. When 
computing irrigation requirement, an efficiency factor needs to be applied to account for losses, therefore, 
gross irrigation requirement.  

The most important efficiency terms in connection with irrigation are conveyance, Ec, distribution, Ed, 
application efficiencies, Ea and overall project efficiencies, Ep and where Ep = Ec x Ed x Ex. 
 

1.4.2 Leaching requirement, LR 
This is a fraction of the irrigation water applied and leached through the root zone to prevent the build-up 
of salt and keep a favorable salt balance in the root zone. The LR can be computed from the following 
relationship: 

 

 
 
 
 
 
  
 

 
 

Where, ECw is the salinity of irrigation water in dS m-1 and ECe is the EC corresponding to 90 percent yield 
potential in dS m-1 (see Table 10) 
 
 
 
 
 
 
 
Where,  IRn is the net irrigation requirement in mm. 
Table 12:  Crop tolerance and yield potential of selected crops as influenced by irrigation water salinity 

(ECw) or soil salinity (ECe) 
Crops 100 % 

ECe  –  ECw 
90 % 
ECe  –  ECw 

75 % 
ECe  –  ECw 

50 % 
ECe  –  ECw 

0 % 
ECe  –  ECw 

The total quantity of water required to satisfy both ETcrop and LR to control soil salinity is equal 
to:      IRn 
         1 + LR 
 

LR    =             ECw   for surface irrigation 
                      5ECe – ECw 
 

LR    =             ECw          for drip irrigation 
                      2(maxECe) 
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Tomato 2.5        1.7 3.5        2.3 5.0        3.4 7.6         5.0 13           8.4 
Cabbage 1.8        1.2 2.8        1.9 4.4        2.9 7.0         4.6 12           8.1 
Potato 1.7        1.1 2.5        1.7 3.8        2.5 5.9         3.9 10           6.7 
Pepper 1.5        1.0 2.2        1.5 3.3        2.2 5.1        3.4 8.6         5.8 
Onion 1.2        0.8 1.8        1.2 2.8       1.8 4.3        2.9 7.4        5.0 
Carrot 1.0        0.7 1.7        1.1 2.8       1.9 4.6        3.0 8.1        5.4 
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MODULE 2: OPERATION  
 

2.1 Irrigation Scheduling 
 

Objective: To enhance the skill and knowledge of the trainees how to schedule irrigation water for a given 
crop type and irrigation scheme.   

Topics:  
 Determination of the irrigation schedule for crop,  
 Conversion of mm/day into litres/sec.ha,  
 Adjusting the irrigation schedule to actual rainfall 

Target Group:  Region, Zone and Woreda irrigation and IWUA experts  

Materials: Flip chart, marker, white board, Computer and LCD 

Methods: Brain storming, lecturing, group work at field, group work presentation and generalization 

Duration: 2 days  

 

The irrigation schedule indicates how much irrigation water has to be given to the crop, and how often or 
when this water is given.  
How much and how often water has to be given depends on the irrigation water need of the crop. The 
irrigation water need is defined as the crop water need minus the effective rainfall. It is usually expressed in 
mm/day or mm/month. When, for example, the irrigation water need of a certain crop, grown in a hot, dry 
climate is 8 mm/day. This means that each day the crop needs a water layer of 8 mm over the whole area 
on which the crop is grown. This water has to be supplied by means of irrigation.  
An irrigation water need of 8 mm/day, however, does not mean that this 8 mm has to be supplied by 
irrigation every day. In theory, water could be given daily. But, as this would be very time and labour 
consuming, it is preferable to have a longer irrigation interval. It is, for example, possible to supply 24 mm 
every 3 days or 40 mm every 5 days. The irrigation water will then be stored in the root zone and gradually 
be used by the plants: every day 8 mm. The irrigation interval has to be chosen in such a way that the crop 
will not suffer from water shortage. 

2.1.1 Determination of the irrigation schedule for crops other than rice 
The accurate determination of an irrigation schedule is a time-consuming and complicated process. The 
introduction of computer programs, however, has made it easier and it is possible to schedule the irrigation 
water supply exactly according to the water needs of the crops. Ideally, at the beginning of the growing 
season, the amount of water given per irrigation application, also called the irrigation depth, is small and 
given frequently. This is due to the low evapotranspiration of the young plants and their shallow root 
depth. During the midseason, the irrigation depth should be larger and given less frequently due to high 
evapotranspiration and maximum root depth. Thus, ideally, the irrigation depth and/or the irrigation 
interval (or frequency) vary with the crop development.  
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When sprinkler and drip irrigation methods are used, it may be possible and practical to vary both the 
irrigation depth and interval during the growing season. With these methods it is just a matter of turning 
on the tap longer/shorter or less/more frequently.  

When surface irrigation methods are used, however, it is not very practical to vary the irrigation depth and 
frequency too much. With, in particular, surface irrigation, variations in irrigation depth are only possible 
within limits. It is also very confusing for the farmers to change the schedule all the time. Therefore, it is 
often sufficient to estimate or roughly calculate the irrigation schedule and to fix the most suitable depth 
and interval; in other words, to keep the irrigation depth and the interval constant over the growing 
season. Three simple methods to determine the irrigation schedule are briefly described: plant observation 
method, estimation method, simple calculation method, and fixed irrigation interval method.  

2.1.1.1 Plant Observation Method 
The plant observation method determines "when" the plants have to be irrigated and is based on observing 
changes in the plant characteristics, such as changes in colour of the plants, curling of the leaves and 
ultimately plant wilting. The changes can often only be detected by looking at the crop as a whole rather 
than at the individual plants. When the crop comes under water stress the appearance changes from 
vigorous growth (many young leaves which are light green) to slow or even no growth (fewer young leaves, 
darker in colour, and sometimes greyish and dull).  

Some crops (such as cassava) react to water stress by changing their leaf orientation: with adequate water 
available, the leaves are perpendicular to the sun (thus allowing optimal transpiration and production). 
However, when little water is available, the leaves turn away from the sun (thus reducing the transpiration 
and production).  

To use the plant observation method successfully, experience is required as well as a good knowledge of 
the local circumstances. A farmer will, for example, know where the sandy spots in the field are, which is 
where the plants will first show stress characteristics: the color changes and wilting are more pronounced 
on the sandy spots.  

The disadvantage of the plant observation method is that by the time the symptoms are evident, the 
irrigation water has already been withheld too long for most crops and yield losses are already inevitable. It 
is important to note that it is not advisable to wait for the symptoms. Especially in the early stages of crop 
growth (the initial and crop development stages), irrigation water has to be applied before the symptoms 
are evident. 

Another indicator of water availability is the leaf temperature. If the leaves are cool during the hot part of 
the day (Figure 11), the plants do not suffer from water stress. However, if the leaves are warm, irrigation is 
needed. Special devices (infra-red thermometers) have been developed to measure the leaf temperature in 
relation to the air temperature. However, they must be calibrated for specific conditions before being used 
to determine the irrigation schedule.  

Another method used to determine the irrigation schedule involves soil moisture measurements in the 
field. When the soil moisture content has dropped to a certain critical level, irrigation water is applied. 
Instruments to measure the soil moisture include gypsum blocks, tensiometers and neutron probes. Their 
use is discussed under sections 1.4.2.2, 1.4.2.3, 1.4.2.4, and 1.4.2.5.  
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2.1.1.2 Estimation Method 
In this section, a table is provided to estimate the irrigation schedule for the major field crops during the 
period of peak water demand; the schedules are given for three different soil types and three different 
climates. The table is based on calculated crop water needs and an estimated root depth for each of the 
crops under consideration. The table assumes that with the irrigation method used the maximum possible 
net application depth is 70 mm.  

With respect to soil types, a distinction has been made between sand, loam, and clay, which have, 
respectively, a low, a medium and a high available water content. With respect to climate, a distinction is 
made between three different climates.  

Shallow 
and/or sandy 
soil 

In a sandy soil or a shallow soil (with a hard pan or impermeable layer close to the soil 
surface), little water can be stored; irrigation will thus have to take place frequently but 
little water is given per application. 

Loamy soil In a loamy soil more water can be stored than in a sandy or shallow soil. Irrigation water is 
applied less frequently and more water is given per application. 

Clayey soil In a clayey soil even more water can be stored than in a medium soil. Irrigation water is 
applied even less frequently and again more water is given per application. 

Climate 1 Represents a situation where the reference crop evapotranspiration ETo = 4 - 5 mm/day. 

Climate 2 Represents an ETo = 6 - 7 mm/day. 

Climate 3 Represents an ETo = 8 - 9 mm/day. 

An overview indicating in which climatic zones these ETo values can be found is given below:  

REFERENCE CROP EVAPOTRANSPIRATION (mm/day)  

Climatic zone Mean daily temperature  

low 
(less than 15°C) 

medium 
(15-25ºC) 

high 
(more than 25ºC) 

Desert/arid  4 - 6  7 - 8  9 - 10  

Semi-arid  4 - 5  6 - 7  8 - 9  

Sub-humid  3 - 4  5 - 6  7 - 8  

Humid  1 - 2  3 - 4  5 - 6  

 

 

Exercise  
Estimate the irrigation schedule for groundnuts grown on a deep, clayey soil, in a hot 
and dry climate.  

 



  
 

28 | P a g e  
 

Firstly, the climatic class has to be identified: climate 3 (ETo = 8-9 mm/day) represents a hot climate. Table 
3 shows that for climate 3 the interval for groundnuts grown on a clayey soil is 6 days and the net irrigation 
depth is 50 mm. This means that every 6 days the groundnuts should receive a net irrigation application of 
50 mm.  

2. Estimate the irrigation schedule for spinach grown on a loamy soil, in an area with an average 
temperature of 12º C during the growing season.  

The average temperature is low: climate 1 (ETo = 4-5 mm/day). Table 3 shows, with climate 1, for spinach, 
grown on a loamy soil an interval of 4 days and a net irrigation depth of 20 mm.  

3. Estimate the irrigation schedule of sorghum grown on a sandy soil, in an area with a temperature range 
of 15-25º C during the growing season (Figure 12).  

The average temperature is medium: climate 2 (ETo = 6-7 mm/day). Table 3 shows, with climate 2 for 
sorghum grown on a sandy soil, an irrigation interval of 6 days and a net irrigation depth of 40 mm. 
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Table 13. Estimated Irrigation Schedules For the Major Field Crops During Peak Water Use Periods  
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2.1.1.3 Simple Calculation Method 
The simple calculation method to determine the irrigation schedule is based on the estimated depth (in 
mm) of the irrigation applications, and the calculated irrigation water need of the crop over the growing 
season.  

Unlike the estimation method, the simple calculation method is based on calculated irrigation water needs. 
Thus, the influence of the climate, i.e. temperature and rainfall, is more accurately taken into account. The 
result of the simple calculation method will therefore be more accurate than the result of the estimation 
method.  

The simple calculation method to determine the irrigation schedule involves the following steps that are 
explained in detail below:  

Step 1: Estimate the net and gross irrigation depth (d) in mm. 

Step 2: Calculate the irrigation water need (IN) in mm, over the total growing season. 

Step 3: Calculate the number of irrigation applications over the total growing season. 

Step 4: Calculate the irrigation interval in days. 

Step 1: Estimate the net and gross irrigation depth (d) in mm  

The net irrigation depth is best determined locally by checking how much water is given per irrigation 
application with the local irrigation method and practice. If no local data are easily available, Table 5 can be 
used to estimate the net irrigation depth (d net), in mm. As can be seen from the table, the net irrigation 
depth is assumed to depend only on the root depth of the crop and on the soil type. It must be noted that 
the d net values in the table are approximate values only. Also the root depth is best determined locally. If 
no data are available, Table 5 can be used which gives an indication of the root depth of the major field 
crops.  

Table 14: Approximate Net Irrigation Depths, In mm  
 Shallow rooting crops Medium rooting crops Deep rooting crops 

Shallow and/or sandy soil 15 30 40 

Loamy soil 20 40 60 

Clayey soil 30 50 70 

Table15: Approximate Root Depth of the Major Field Crops  
Shallow rooting crops 
(30-60 cm): 

Cabbage, lettuce, onions, pineapple, potatoes, spinach, other vegetables except 
beets, carrots, cucumber. 

Medium rooting crops 
(50-100 cm): 

Bananas, beans, beets, carrots, clover, cacao, cucumber, groundnuts, palm trees, 
peas, pepper, sisal, soybeans, sugarbeet, sunflower, tobacco, tomatoes. 

Deep rooting crops 
(90-150 cm): 

Alfalfa, barley, citrus, cotton, dates, deciduous orchards, flax, grapes, maize, 
melons, oats, olives, safflower, sorghum, sugarcane, sweet potatoes, wheat. 
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Not all water which is applied to the field can indeed be used by the plants. Part of the water is lost through 
deep percolation and runoff. To reflect this water loss, the field application efficiency (fa) is used. The gross 
irrigation depth (d gross), in mm, takes into account the water loss during the irrigation application and is 
determined using the following formula:  

 

d gross = gross irrigation depth in mm 
d net = net irrigation depth in mm 
ea = field application efficiency in percent 

If reliable local data are available on the field application efficiency, these should be used. If such data are 
not available, the following values for the field application efficiency can be used:  

- for surface irrigation : ea = 60% 

- for sprinkler irrigation : ea = 75% 

- for drip irrigation : ea = 90% 

If, for example, tomatoes are grown on a loamy soil, Tables 5 and 6 show that the estimated net irrigation 
depth is 40 mm. If furrow irrigation is used, the field application efficiency is 60% and the gross irrigation 
depth is determined as follows:  

 

Step 2: Calculate the irrigation water need (IN) in - over the total growing season  

Assume that the irrigation water need (in mm/month) for tomatoes, planted 1 February and harvested 30 
June, is as follows:  

 Feb. Mar. Apr. May June 

IN (mm/month) 67 110 166 195 180 

The irrigation water need of tomatoes for the total growing season (Feb-June) is thus (67 + 110 + 166 + 195 
+ 180 =) 718 mm. This means that over the total growing season a net water layer of 718 mm has to be 
brought onto the field.  

If no data on irrigation water needs are available, the estimation method should be used.  

Step 3: Calculate the number of irrigation applications over the total growing season  

The number of irrigation applications over the total growing season can be obtained by dividing the 
irrigation water need over the growing season (Step 2) by the net irrigation depth per application (Step 1).  
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If the net depth of each irrigation application is 40 mm (d net = 40 mm; Step 1), and the irrigation water 
need over the growing season is 718 mm (Step 2), then a total of (718/40 =) 18 applications are required.  

Step 4: Calculate the irrigation interval (INT) in days  

Thus a total of 18 applications are required. The total growing season for tomatoes is 5 months (Feb-June) 
or 5 x 30 = 150 days. Eighteen applications in 150 days corresponds to one application every 150/18 = 8.3 
days.  

In other words, the interval between two irrigation applications is 8 days. To be on the safe side, the 
interval is always rounded off to the lower whole figure: for example 7.6 days becomes 7 days; 3.2 days 
becomes 3 days.  

CONCLUSION  

In this example, the irrigation schedule for tomatoes is as follows:  

d net = 40 mm 
d gross = 65 mm 
interval = 8 days 
 

2.1.2 Conversion of mm/day into litres/sec.ha 
In the previous sections it has been explained how to determine the irrigation depth of each irrigation 
application (in mm) and the interval between two irrigation applications (in days). From these figures it is, 
however, not easy to visualize what the flow of Irrigation water to a block of, for example, one hectare 
would be. Below a "rule of thumb" is given on how to convert an irrigation depth and interval into a 
continuous water flow.  

8.64 mm/day = 1.0 litre/sec.hectare 

In other words, an irrigation application of 8.64 mm per day corresponds to a continuous water flow of 1.0 
litre per second per hectare.  

 

 

 

 

Answer: 64 mm every 8 days is 64/8 = 8 mm/day; 8 mm/day corresponds to 0.93 l/sec.ha. For an area of 50 
ha the net continuous flow would be: 50 x 0.93 = 46.5 l/sec.  

Ask the trainees to determine the continuous water flow when the gross irrigation 
depth is 64 mm and the interval is 8 days, for an area of 50 ha.  

 ? 
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2.1.3 Adjusting the irrigation schedule to actual rainfall 

The estimation method to determine the irrigation schedule can only be used when no significant rainfall 
occurs during the growing season. The simple calculation method is based on the average irrigation water 
need of the crop which is the average crop water need minus the average effective rainfall. This method is 
used when designing and implementing an irrigation system with a "rotational" water supply: each field 
receives a certain amount of water on dates that are already fixed in advance. The rotational supply takes 
into account the average rainfall only and thus does not take into account the actual rainfall; this results in 
over-irrigation in wetter than average years and under-irrigation in drier than average years. In surface 
irrigation systems the rotational water supply method is most commonly used.  

There are also water supply methods which allow the irrigation water to be distributed "on demand". The 
farmer can take water whenever necessary. In this case it is possible to take the actual rainfall into account 
and thus give the correct amount of irrigation water even in drier or wetter years. With this method of 
irrigation scheduling, however, the rainfall has to be measured on a daily basis. The net irrigation depth (d 
net) has to be determined in accordance with the irrigation method used. In addition, the crop water need 
has to be known on a daily basis for each month of the growing season. As soon as the accumulated water 
deficit exceeds the value of the net irrigation depth, irrigation water is supplied.  
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2.2. Irrigation Water Distribution 
 

Objective: To enhance the understanding of the participants of training course  about irrigation water 
distribution 

Topics:  get setting  

Target Group:  Beneficiaries, IWUA committees, Kebele Water technicians, DAs and experts from region, 
zone and woreda 

Materials: flip chart and markers, computer and LCD  

Methods: brain storming 

Duration:  1 hour  

 

? 

Ask participants what are the most important service provider provide to farmers 
 

 
 
 
The most important service that the scheme operators provide to farmers is the delivery of irrigation 
water. Ideal from a farmer's point of view is freedom in terms of:  

• Timing,  
• Flow-rate, and  
• Duration of irrigation applications  
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36 | P a g e  
 

 

 
Figure 13: An open canal serving ten farms: (a) (Too) many farmers located upstream in the scheme are 
irrigating so that farmers downstream receive no water. (b) If farmers suddenly stop irrigating, the canal 
will overtop. (c) In an open canal scheme, the flow size entering the scheme must equal the sum of the flow 
rates delivered to farmers. 
 
 
(Figure 13b).  Farmers in an irrigation scheme of this type cannot just open and close their gates as they 
wish. If too many farmers who are located closer to the source are irrigating, the downstream users will 
receive no water (Figure 13a). If farmers stop irrigating, the canal will overtop.  
 

 
One method of water distribution is flow sharing or proportional delivery; every farm receives an equal 
share of the canal discharge. In the example given here (Figure 14), this provides each farmer with a 
maximum flow of 6 l/s. The structure that is suitable for this method of water distribution is the 
proportional division box. The flow over each weir is proportional to the width of the crest, provided that 
these crests have the same height and shape. This method of water distribution does not need any action 
by farmers or operators for regulating the flow of irrigation water to the farms. 

In an open canal scheme, the flow entering the scheme must equal the sum of the flows 
delivered to the farms (Figure 13c).  
How easy, or how difficult, it is for the scheme operators to fulfill this condition depends 
on which method of water distribution has been selected in the design of the scheme. 
What are the methods for water distribution in an open canal scheme? Suppose there is 
a canal that provides irrigation water to ten farms of equal size (Figure 13). The 
maximum discharge of the canal is 60 l/s.  
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Another method is time sharing or rotation; every farm in turn receives the full canal discharge. In the 
example, this would provide each farmer with a maximum discharge of 60 l/s. The duration of an irrigation 
delivery to one farm must be chosen in a way that both meets the irrigation water needs of the crops and is 
convenient to the farmers. With this method, there is no need for a flow division structure. It may be 
convenient to have structures which allow either closure or passage of the full canal flow (Figure 15). The 
method does require action from operators or farmers to direct the canal flow to the farm that is 
scheduled to receive irrigation water.  
 

 

The flow over each weir is proportional to the width of the crest, which have the same 
height and shape 
 

 

 

 

 

Figure 14: Flow sharing or proportional division of a flow of 60 l/s among ten farms by means of 
proportional division boxes 
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Figure 15: Time sharing or rotation of a flow of 60 l/s in a group of ten farms using gated structures which 
are either fully open or fully closed 
 
A third method is a combination of time sharing and flow sharing. Instead of supplying the full flow to one 
farm, the flow of 60 l/s could be divided into two equal flows of 30 l/s which are delivered to two farms 
simultaneously. This can be accomplished with a division box with openings of the same size (Figure 17). 
This method also requires action from operators or farmers; at the end of irrigation delivery to one pair of 
farms, the canal flow must be directed to the next pair.  
 

 
Figure 16:  Rotational delivery to a group of ten farms with flow sharing between two farmers at a time 
by means of gated division boxes with openings of the same size   
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? 

Ask trainees to recommend which of the three above methods would recommend for a 
group of 10 farms which need to share a maximum flow of 60 l/s 

 
Answer: With flow sharing or proportional distribution, each farm would receive 6 l/s. This is about half a 
bucket of water each second. A skilled irrigator could handle more than this. With time sharing or 
rotational irrigation, each farm receives in turn the full flow of 60 l/s, or about five buckets of water each 
second. Especially on erosive soils, this could be more than even a skilled irrigator can handle.  
The third method provides the farm with 30 l/s in turn. This is about two or three buckets of water each 
second, which is a flow that most irrigators can conveniently handle. For the above example, therefore, the 
third method is recommended.  
 
In order to reduce costs, irrigation schemes more often use open canals. A further cost reduction is 
obtained by letting a group of farmers share a common outlet. 

 

Figure 17:   Layout of an irrigation scheme that provides water to 60 farms grouped into six tertiary units of 
ten farms each 
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FIGURE 18: Proportional distribution 

In addition to reducing costs when building the scheme, sharing a common outlet by a group of farmers 
also reduces the operational tasks of the scheme operators. Figure 17 presents a layout of an irrigation 
scheme that provides water to 60 farms. By grouping these 60 farms into six tertiary units of ten farms 
each, the operators need to look after six outlets only.  
In the following sections, three different methods of water distribution to the six tertiary  
Units in Figure 17 are discussed. These methods are:  

• Proportional distribution;  
• Upstream control with vertical gates;  
• Upstream control with weirs;  
• Downstream control. 
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2.3. Methods of Get Setting to Distribute Water to Tertiary Units 
 

Objective: To enhance the understanding of the participants of training course about get setting to 
distribute irrigation water  

Topics:  methods of get setting  

Target Group:  Beneficiaries, IWUA committees, Kebele Water technicians, DAs and experts from region, 
zone and woreda 

Materials: flip chart and markers, computer and LCD  

Methods: brain storming, groups field visit, presentation of field visit, discussion on the presentation, 
conclusion  

Duration:  4 hours  

 

The design shown in Figure 7 is based on a closed pipe system and every farm is provided with its own 
outlet valve. This design resembles a drinking water supply system with a tap in each house. It has been 
noted that due to the large flows needed in irrigation, such designs are mostly too expensive. In order to 
reduce costs, irrigation schemes more often use open canals. 
A further cost reduction is obtained by letting a group of farmers share a common outlet. 

 

The same cost-saving practice of sharing a common outlet is used in the drinking water 
supply sector. Especially in rural water supply systems and in systems serving the urban 
poor, one tap is often shared by a hundred people and more. Such a design offers a 
lower level of service to the individual user, but the cost per user is also very much lower 
than for a system that provides an individual tap to each household. 
 

 

In addition to reducing costs when building the scheme, sharing a common outlet by a group of farmers 
also reduces the operational tasks of the scheme operators. Figure 12 presents a layout of an irrigation 
scheme that provides water to 60 farms. By grouping these 60 farms into six tertiary units of ten farms 
each, the operators need to look after six outlets only. 
 
In the following sections, four different methods of water distribution to the six tertiary units in Figure 12 
are discussed. These methods are: 

 proportional distribution; 
 upstream control with vertical gates; 
 upstream control with weirs; 
 Downstream control. 
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For each method, the working principles and required structures will be described, together with the 
major implications of the method for users and operators, and for the irrigation efficiency. Within the 
tertiary units, water is distributed as in Figure 11; the full flow from the offtake is shared by two farms 
at a time. 

2.3.1 Proportional distribution  
Working principle: With proportional distribution, each tertiary unit receives an equal share of the 
discharge available in the canal. 
 
Structures: The flow is divided by means of weirs. The weirs within one structure all have the same 
height and shape. The flow over the weir is proportional to the width of the crest. 
 

 
 
Figure 19 : Proportional distribution 
 

 

In the design of Figure 13, the offtakes for two tertiary units are combined in one structure. 
This is for two reasons: (i) cost-reduction, by reducing the number of structures, and (ii) at 
each structure, the upstream water level needs to be at least 5 to 10 cm higher than the 
downstream water level. Putting in more structures would have required a higher water 
level in the upstream canal section. 

 
Implications for operators: The offtakes in this design are fixed and require no intervention from scheme 
operators. At least once in every irrigation season, the weirs must be inspected and, in the case of 
irregularities, be repaired. 
 
Implications for users: The design provides an even share of the available water to each farm in the 
scheme. This water arrives at each farm, irrespective of the cropping pattern and the irrigation water 
requirements. It is entirely up to the farmers how to make the best possible use of the water. 
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Implications for irrigation efficiency: The main objective of this design is even distribution of the available 
water and not irrigation efficiency. If the available flow per unit of land is low and farmers still manage to 
grow a crop, the irrigation efficiency could be high. In all other cases, the irrigation efficiency is low. This is 
because water continues to be distributed, even when it is not needed. In order to improve water use 
efficiency, the scheme could be provided with a gate or stop logs at the entrance of the main canal. This 
gate can be gradually closed, according to the irrigation water requirements in the scheme. A further 
improvement of irrigation efficiency might be obtained by providing the tertiary offtakes with a flashboard. 
This would allow conveyance of water to only those tertiary units that need to be irrigated. 

2.3.2 Upstream control gets with vertical gates  
 
Working principle: The discharge at each tertiary off take is regulated with a vertical slide gate, according 
to the irrigation water requirement of that tertiary unit. A gate at the head of the canal allows adjustment 
of the flow size entering the scheme to the sum of the flow rates delivered through the tertiary off takes. 
Check structures along the main canal maintain sufficient water depth at the off takes when the canal is 
operated at lower than design capacity. 
  
Structures: The off takes are vertical slide gates. In the example, the maximum discharge of each off take is 
limited to 60 l/s. Such a small discharge requires a small gate only, which can be operated directly by hand.  
 
 

 
Figure 20: Upstream control with vertical gate 

 
The off take gate in Figure 7 can be locked in the required position with a pin. Larger capacity off takes 
would have to be operated with a hand wheel. Immediately downstream of the off take gate there is a 
measuring flume. 
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2.3.3 Upstream control gets with duckbill weirs 
Working principle: This design also allows water delivery according to tertiary units according to their 
water requirements. It is easier to operate than the design described in the previous section. The simpler 
operation is achieved by: 
 

 

 
Figure 21 : Upstream control with duckbill weirs 

 Maintaining a nearly constant water level at the offtakes, by means of duckbill weirs; 
 Replacing the vertical slide gate at the offtakes with constant discharge distributors that can be 

set at any value between 0 and 60 l/s that is a multiple of 5 l/s. 
 
With this arrangement, the offtakes can be set to the required discharge in one operation, without the 
need for flow measurement and readjustment of the offtakes. 
 
Structures: The duckbill weirs are located just downstream of the offtakes. In order to reduce the 
number of structures, the offtakes are grouped in pairs. Due to the long horizontal crest of the duckbill 
weirs, the variation in water level with canal discharges between zero and full design capacity is less 
than 10 cm. Each offtake is provided with a set of 4 distributors that provide a constant discharge of 5, 
10, 15 and 30 l/s when fully opened. The design and operation of the gate and measuring flume at the 
head of the main canal are the same as in the previous section. 
 
Implications for operators: This design also requires drawing up of a delivery schedule, as in the 
previous design. Due to the duckbill weirs and the constant discharge distributors, however, the 
setting of the offtakes to the required discharge is much easier than with the design that is described 
in the previous section. The duckbill weirs are made from concrete and have no moving parts. The 
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constant discharge distributors, however, do have moving parts and are made from steel or fibre glass. 
They are treated with special paints to protect them from corrosion. This calls for frequent inspection 
and immediate repair of damage to the painted surface. 
 
Implications for users: Like the previous design, this design is capable of providing irrigation water to 
each tertiary unit according to its requirement. Due to its easier operation it is more reliable than the 
previous scheme, provided that the distributors are well maintained. 

2.3.4 Downstream control gets 
Working principle: This design allows the discharge at any of the offtakes to be changed at any time. 
By using gates that keep a constant downstream water level, the inflow into the main canal responds 
automatically to such a change. 
 
Structures: The offtakes are similar to those used in the previous section. There are two constant 
downstream level gates, one at the head of each section of the main canal. Whenever one or more 
shutter gates of the distributors at the offtakes 3, 4, 5 or 6 are opened, the water level in the second 
section of the main canal goes down. The float of the second automatic gate goes down and the gate 
leaf goes up, thereby increasing the discharge into the second canal section. As more water is released 
from the first to the second section, the water level in the first section also goes down. This in turn 
leads to an increase of the opening of the gate at the entrance of the scheme. Figure 16 explains the 
working principle of a constant downstream level gate. 
 

 
Figure 23: Downstream control 

 
Implications for operators: This design requires no setting of gates by the operators. There is also no need 
for operators to draw up a water delivery schedule for the whole scheme, because tertiary units are free to 
change their gate settings whenever they want. Operators need to check frequently on the proper 
operation of the automatic gates and need to inspect gates and distributors for damage and repair them 
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without delay. They also need to inspect the canal for leakage (for reasons discussed below under irrigation 
efficiency).  
 
Implications for users: Users are free to set their offtake to the requirement of their tertiary unit, without a 
need to communicate with the operators of the scheme. 
 
Implications on irrigation efficiency: When functioning properly, irrigation efficiency can be high 
because only as much water enters the scheme as is desired by the users. This no longer holds when 
users waste water at the farm. Another problem occurs when there is leakage from the canal. The 
automatic gates will treat leakage in the same way as an increase in irrigation demand. If such leakage 
is allowed to continue, the irrigation efficiency will be reduced. 
 

 

Downstream control is normally associated with irrigation schemes of a relatively high 
standard of design and mostly managed by government institutions. The design is included 
here with the purpose of demonstrating that freedom in terms of timing, flow rate and 
duration of irrigation applications at the head of the tertiary unit is technically feasible. 

 
 
Table 16: weekly scheduling of irrigation deliveries to tertiary units (scheme design: upstream control 
with vertical slide gates)  
REQUEST FORM (to be filled out by Tertiary Unit representative)  
Tertiary Unit No:  
Name of Tertiary Unit representative:  
Week No.:  
No. of hours per day                                                       * Flow rate*  
24 hours                                                                             60 l/s  
18 hours                                                                             50 l/s  
12 hours                                                                             40 l/s  
6 hours                                                                               30 l/s  
                                                                                            20 l/s  
                                                                                            10 l/s  
*) Indicate the requested no. of hours and flow rate with a circle  
 
RESULTING IRRIGATION SCHEDULE  
(To be drawn up by scheme operators)  
No. of hours per day                                                                                Flow rate  
24 hours                                                                                                         60 l/s  
18 hours; from........ to.................................................................50 l/s  
12 hours; from.........to.................................................................40 l/s  
6 hours; from .........to .................................................................30 l/s 
                                          ................................................................ 20 l/s  
                                       ..................................................................10 l/s 
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2.4 Flow Measurement  
 

Objective: To enhance skill and knowledge of trainees how to measure water flow using different 
methods and measuring equipment.     

Topics:  
 Flow measurement at main and secondary  canals 
 Flow measurement tertiary canal and at plot level  
 Methods  how to measure irrigation water discharge rate 
 Flow measurement procedures using different methods 
 Importance of get setting and water distribution  

  
Target Group: Members of the Management Committee, Control Committee, mediation and conflict 

resolution committee of the IWUAs, Kebele water technicians and DAs, and experts from 
region, zones and woredas 

Materials: Flip charts, white boards, markers, different tables for discharge measurement, handouts  

Methods: brain storming, group field exercise, presentation of group exercise, conclusion and 
generalization of the discussion and presentation  

Duration: 4 hours 

 

? 
Ask participants how they measure the discharge  rate, what are the methods and 
equipment used to  measure water flow 

 
When the water available from a particular source is limited and must be used very carefully, it is useful, 
and even necessary, to measure the discharge at various points in the system and the flow at farmers’ 
intakes. Also, where farmers have to pay for the water used, discharges should be measured. Flow 
measurements may also be useful for settling any disputes about the distribution of the water. In addition, 
measurement of the flows can provide important information about the functioning of the irrigation 
system. 

2.4.1 Weirs 
Weirs are sharp-crested, overflow structures that are built across open canals. They are easy to construct 
and can measure the discharge accurately when correctly installed. However, it is important that the water 
level downstream is always below the weir crest, otherwise the discharge reading will be incorrect. 
The water level upstream of the structure is measured using a measuring gauge, as shown in Figure 24, 
where the difference - the head - between the water level and the crest of the weir is marked ‘H’. The 
discharge corresponding to that water level is then read from a table which is specific for the size and type 
of weir being used, or the gauge post can show the discharge directly, as will be discussed in Section 2.4.1.2 
 



  
 

48 | P a g e  
 

2.4.1.1 Types of weirs 
Examples of three well-known weir types that are used to measure main canal and secondary canals 
irrigation discharge are illustrated: the Rectangular weir (Figure 25), the Cipoletti trapezoidal weir (Figure 
26) and the 900 V-notch weir (Figure 27). 
 
As can be seen in the figure, the Rectangular weir has a rectangular opening. 
The Cipoletti trapezoidal weir is in fact an improved rectangular weir, with a slightly higher capacity for the 
same crest length. Its opening is trapezoidal with the sides inclining at a slope of 4 (vertical) to 1 
(horizontal).  
The 900 V-notch weir has a triangular opening, and this type is well suited to measuring small flows with 
high accuracy. 

2.4.1.2 Measurement procedures using weirs  
 

 

To obtain a true measurement of the flow over weirs, certain dimensions must be 
respected because they are critical to correct operation. These are indicated in 
Figure 24, and are 

• The level of the weir crest relative to the channel bottom 
• The horizontal distance between the measuring gauge and the weir, and 
• The level of the gauge relative to the level of the crest of the weir 

 

 

 
 
 
 
 
 
 
 
 

 

Exercise:  Establishing the correct dimensions for the structure 
The procedure for getting the correct set up for the structure is given in the form of a 
practical example. The measurement structure in this example, illustrated in Figure 24, is 
assumed to be the overflow type, namely a rectangular weir with a crest length of 1 m. 
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Figure 24: weir used for discharge measurement 

 
 

 
 

Figure 25: the rectangular weir: a standard sharp crested weir for discharge measurement 
 
Step 1 
Estimate the maximum discharge that is likely in the canal to be measured. This defines the corresponding 
maximum head of water over the weir crest for the structure concerned. 
The maximum discharge to be measured is estimated at 200 l/s. 

Using table 17, one can see that for discharge of 200 l/s, the head, H, is a little less than 0.25 m. (Refer to 
the column for L = 1.0 m: when discharge Q is 219 l/s, H = 0.25 m.) 
 
 
Step 2 
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Check the level of the weir crest. The level of the crest above the canal bed should be at least 2 times the 
maximum head, 2H in 31. In this case the weir should have a crest level which is at least 2 ´ 0.25 = 0.50 m 
higher than the canal bed. 
 
Step 3 
Check the distance between the gauge and the weir. The distance between the gauge and the weir should 
be at least 4 times the maximum head, 4H in Figure 24. In this case the gauge should be located at least 4 x 
0.25 = 1.00 m upstream of the weir. 
 
Step 4 
Check the elevation of the 0 (zero mark) on the gauge. The 0 on the gauge, which indicates a discharge of 0 
l/s - i.e., no flow - should have the same elevation as the weir crest. This can be checked using a carpenter’s 
level or by the water level when there is no flow over the weir.   
 
Discharge measurement 
The measurement procedure described here is standard for the three types of overflow weir shown in 
Figure 25, Figure 26 & Figure 27, except that there is a different table for each type. 
These are given in table 17 is used for a rectangular weir; table 18 for a Cipoletti trapezoidal weir; and table 
19 for a 90o V-notch weir. 
 
Assume the structure in Figure 24 is a rectangular weir with a crest length of 1.25 m. 
 
Step 1 
Read the water level on the gauge. In 31 the reading is 0.12 m, so H = 0.12 m. 
 
Step 2 
Go to table 17 and find the row corresponding to 0.12 m, and move across that row till it meets the column 
for the weir crest being used, 1.25 m. The value at the point where the column and row cross is 94, and 
that is the discharge in litres per second: Q = 94 l/s. 
 
The same procedures + for establishing the proper dimensions for the setup of the structure and for 
carrying out discharge measurements + apply to Cipoletti trapezoidal weirs and to 900 
V-notch weirs, except that different tables are used to obtain the value of the discharge, as noted above. 
If the measured head, H, is not found in a table, the rows with the H values immediately above and below 
are followed, and the two discharge values found in the table are averaged to obtain the actual discharge. 
 
For example, suppose a trapezoidal weir is being used to measure the discharge in a canal. The crest has a 
length, L, of 1.00 m and the head reading, H, is 0.17 m. 
 
H = 0.17 m is not found in Table A-2.2 in Annex 2, so the nearest H values above and below are used. These 
are 0.16 and 0.18 m. H = 0.16 m gives, when L =1.00 m, a discharge,  
Q, 119 l/s, and H = 0.18 m gives a discharge of 142 l/s. 
 
These two discharges are averaged to obtain an approximate value for the canal discharge, namely Q = 
(119 + 142) / 2 = 131 l/s. 
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If the length of the weir crest which is installed in an irrigation scheme does not correspond to the one of 
the lengths which is given in the tables, an engineer should be consulted to make a specific table for the 
weir concerned. 
 

 
Figure 26: the cipoletti trapezoidal weir: a standard sharp crested weir for discharge measurement 

  

Figure 27: The 900 V-notch weir:  a standard sharp crested weir for discharge measurement 

2.4.2 Flumes 
Other well-known structures for discharge measurement are flumes. Flumes consist of a narrowed canal 
section with a particular, well-defined shape and used to measure discharge in tertiary and plot level.  
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The advantage of flumes over weirs is the small drop in water level (head loss), and so flumes can be used 
in relatively shallow canals with flat grades. The drop in water level is only one quarter of the drop needed 
to be able to use a weir, for the same discharge under similar conditions. Because of this, smaller flumes 
can easily be used as transportable easuring devices. 
 
A disadvantage of flumes is that they are relatively expensive and they cannot easily be combined with 
other structures, whereas that is possible with weirs. 
Like measurements with weirs, the water level upstream of the flume is a measure of the discharge 
through the flume, and when the head has been measured the discharge can be obtained by reading the 
value on a diagram which is specific for the flume being used. This will be discussed in Section 2.4.2.2. 
 

2.4.2.1 Types of flumes 
Three of the most common types of measuring flumes are illustrated. They are the Parshall flume (Figure 
28), the Cut-throat flume (Figure 29), and the RBC flume (Figure 30). 
 
The abbreviations used in the plan and longtitudinal section views of the three common flume types are as 
follows: c.b. + canal bed; Ha - upstream water level, relative to the bottom of the structure; Hb - 
downstream water level, relative to the bottom of the structure; L - length of flume; c.s. - converging 
section; t.(s.) - throat (section); d.s. - diverging section; W – throat width; and  Bc - throat bottom width. 
 
A Parshall flume consists of three principal sections: a converging section at the upstream end, a 
constricted section or throat in the middle and a diverging section downstream. The floor of the throat 
slopes downwards and the diverging section has slopes upwards. It is shownin Figure 28, together with plan 
and longtitudinal section views.  Parshall flumes have standard dimensions which must be followed closely 
in order to obtain accurate measurements. 
 
A Cut-throat flume (Figure 29) has two principal sections: a converging section at the upstream end and a 
diverging section at the downstream end, and has a flat bottom. The advantage of a Cut-throat flume over 
a Parshall flume is that its construction is made easier by the horizontal floor, the use of flat metal sheets 
and the absence of a throat section. 
 
As for Parshall flumes, the standard dimensions must be followed carefully to obtain accurate 
measurements. 
 
The RBC flume (Figure 30) has a short trapezoidal section with a contraction inserted in the flume bottom. 
When constructing an RBC flume, it is not absolutely necessary to follow the standard measures exactly, 
since for each RBC flume a flume-specific head-discharge table can be established. This is not possible for 
the Parshall or Cut-throat flumes. 
 

2.4.2.2 Measurement procedures in flumes 
When using a flume to measure discharge in a canal it is assumed that the flume has been made using 
standard dimensions, and that flume-specific tables are available. In the case of an RBC flume, the 
assumption is made that a table has been established especially for the flume being used. 
 
Examples of tables for the three types of flumes can be found in tables 20, 21, and 22 of this manual. 
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The tables are applicable for so-called ‘free flow’ conditions,which means that the upstream water level is 
not affected by the downstream water level. 
 
For detailed information on free flow conditions and for more information on measuring flumes, the 
publications Small Hydraulic Structures and Discharge Measurement Structures can be consulted. 
 
 

 
                                        Figure 28: the parshall flume 
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Figure 29: Cut-throat flume 
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Figure 30:  RBC flume  
 
 

 

Exercise  
What is the discharge in a canal if: 
- A Parshall flume with throat width W = 0.46 m is used to measure the flow; and 
- The reading, taken under free flow conditions, is 0.23 m? 
 

 
ANSWER: Ha = 0.23 m (read from the gauge). 
Using Table 20 for a Parshall flume with a throat width of 0.46 m, read from the table the discharge when 
Ha = 0.23 m. The discharge Q = 110 l/s. 
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Table  17: discharge-head relationship for a rectangular weir 
Discharge values Q l/s for specific combinations of head and crest length 
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Table 18: discharge-head relationship for Cipoletti trapezoidal weir 
Discharge values Q l/s for specific combinations of head and crest length 

 

Table 19: discharge-head relationship for a 900 V-notch weir 
Discharge values Q l/s for different heads, H m  
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Table 20: discharge-head relationship for parshall flume with throat width of W= 0.46m 
Discharge values Q l/s for different upstream water levels, Ha m  

 

Table 21: discharge-head relationship for a cut-throat flume of length L= 0.90 m and throat width W=0.30 
m 

Discharge values Q l/s for different upstream water levels, Ha m  
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Table 22: discharge-head relationship for an RBC flume of throat bottom width of Bc = 0.20m  
Discharge values Q l/s for different upstream water levels, Ha m  
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2.5. Irrigation Methods 
 

Objective: To enhance the knowledge and skill of the training participants on irrigation methods and water 
saving technologies 
Topics:  

 types of Irrigation methods  
 types of surface irrigation and their application 
 water saving technologies in relation to irrigation methods   

 
Target Group: beneficiaries, IWUA committee members, water technicians, DAs and experts from region, 

zones and woredas 
Materials: Flip charts, white board, markers, installed drip and irrigation in the field, handouts and LCD  
 
Methods: brain storm, lecturing, field visit and exercise in group, group presentation, conclusion using LCD 
 
Duration: 1 day   
 

? 
As a brain storm ask participants  

 common types of irrigation methods in Ethiopia and when and how do you/ farmers 
apply each irrigation methods 

 Types of  surface irrigation methods and their application  

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. This can be a very time-consuming method and involves very heavy work. 
However, it can be used successfully to irrigate very small plots of land, such as vegetable gardens, that are 
close to the water source. 

More sophisticated methods of water application are used when larger areas require irrigation. There are 
three commonly used methods: surface irrigation, sprinkler irrigation and drip irrigation.  

2.5.1 Surface Irrigation 
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).  

2.5.1.1 Basin irrigation  
Basins are flat areas of land, surrounded by low bunds. The bunds prevent the water from flowing to the 
adjacent fields. Basin irrigation is commonly used for rice grown on flat lands or in terraces on hillsides. 
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Trees can also be grown in basins, where one tree is usually located in the middle of a small basin. In 
general, the basin method is suitable for crops that are unaffected by standing in water for long periods 
(e.g. 12-24 hours).  

Suitable crops 

Basin irrigation is suitable for many field crops. Paddy rice grows best when its roots are submerged in 
water and so basin irrigation is the best method to use for this crop.  

Other crops which are suited to basin irrigation include:  

 Pastures,e.g.alfalfa,clover; 
 trees, e.g. citrus, banana; 
 crops which are broadcast, such as cereals; 
 to some extent row crops such as tobacco. 

 
Basin irrigation is generally not suited to crops which cannot stand in wet or waterlogged conditions for 
periods longer than 24 hours. These are usually root and tuber crops such as potatoes, cassava, beet and 
carrots which require loose, well-drained soils.  

Suitable land slopes 

The flatter the land surface, the easier it is to construct basins. On flat land only minor levelling may be 
required to obtain level basins.  
 

It is also possible to construct basins on sloping land, even when the slope is quite steep. Level basins can 
be constructed like the steps of a staircase and these are called terraces  

Suitable soils 

Which soils are suitable for basin irrigation depends on the crop grown. A distinction has to be made 
between rice and non-rice or other crops.  

Paddy rice is best grown on clayey soils which are almost impermeable as percolation losses are low. Rice 
could also be grown on sandy soils but percolation losses will be high unless a high water table can be 
maintained. Such conditions sometimes occur in valley bottoms.  

Although most other crops can be grown on clays, loamy soils are preferred for basin irrigation so that 
water logging (permanent saturation of the soil) can be avoided. Coarse sands are not recommended for 
basin irrigation as, due to the high infiltration rate, percolation losses can be high. Also soils which form a 
hard crust when dry (capping) are not suitable.  

Shape and size of basins 

The shape and size of basins are mainly determined by the land slope, the soil type, the available stream 
size (the water flow to the basin), the required depth of the irrigation application and farming practices.  
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Basin Width  

The main limitation on the width of a basin is the land slope. If the land slope is steep, the basin should be 
narrow; otherwise too much earth movement will be needed to obtain level basins. Three other factors 
which may affect basin width are:  

 depth of fertile soil, 
 method of basin construction, 
 agricultural practices. 

If the topsoil is shallow, there is a danger of exposing the infertile subsoil when the terraces are excavated. 
This can be avoided by reducing the width of basins and thus limiting the depth of excavation. Basins can 
be quite narrow if they are constructed by hand labour but will need to be wider if machines are used so 
that the machines can easily be moved around.  

If hand or animal powered tillage is used then basins can be much narrower than if machines are used for 
cultivation. If machines are used then it is important to make sure that basin widths are some multiple of 
the width of the machines for efficient mechanization.  

Basin Size  
The size of the basin is influenced by the depth (in mm) of the irrigation application. If the required 
irrigation depth is large, the basin can be large. Similarly, if the required irrigation depth is small, then the 
basin should be small to obtain good water distribution. The size and shape of basins can often be limited 
by farming practice. Many farms in Ethiopia are very small and cultivation is by hand. In these 
circumstances basins are usually small as they are easy to level and efficient irrigation can be attained with 
relatively small stream sizes.  

On the large mechanized farms, basins are generally made as large as possible to provide large 
uninterrupted areas for machine movements. Basin dimensions are chosen to be some multiple of the 
width of the machines so as to use the equipment as efficiently as possible. Other reasons to make basins 
as large as possible are that less land is wasted in this way (less bunds) and large stream sizes and a 
relatively large application depth can be used.  

The shape of the basin can be square, rectangular or irregular. The shape is mainly determined by the 
slope. On steep and irregular sloping lands, the basins may be long and narrow. The long side of the basin is 
along the contour line. If the slope and thus the contour line is irregular, the shape of the basin will also be 
irregular.  
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IN GENERAL BASINS SHOULD BE SMALL IF THE:  

1. Slope of the land is steep 
2. Soil is sandy 
3. Stream size to the basin is small 
4. Required depth of the irrigation application is small 
5. Field preparation is done by hand or animal traction.  

BASINS CAN BE LARGE IF THE:  

1. Slope of the land is gentle or flat 
2. Soil is clay 
3. Stream size to the basin is large 
4. Required depth of the irrigation application is large 
5. Field preparation is mechanized. 

 Shape and dimensions of bunds 

Bunds are small earth embankments which contain irrigation water within basins. They are sometimes 
called ridges, dykes or levees. The height of bunds is determined by the irrigation depth and the freeboard. 
The freeboard is the height above the irrigation depth to be sure that water will not overtop the bund.  

The width of bunds should be such that leakage will not occur, and that they are stable.  

Temporary bunds are normally 60-120 cm wide at the base and have a height of 1.5-30 cm above the 
original ground surface, including a freeboard of 10 cm (which means an irrigation depth of 5-20 cm). 
Temporary bunds surround fields on which annual crops are grown; these bunds are rebuilt each season.  

Permanent bunds usually have a base width of 130-160 cm and a height of 60-90 cm when constructed. 
The settled height will be 40-50 cm. This settling (compaction of the soil) will take several 
months.Permanent bunds are mostly used in rice cultivation, where the same crop is planted on the same 
fields year after year. The bunds are used as paths in the rice fields as well. Temporary bunds may be used 
to subdivide the various fields further.  

2.5.1.2 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. This method is suitable for all row crops and for crops that cannot stand in water for long periods 
(e.g. 12-24 hours). Irrigation water flows from the field channel into the furrows by opening up the bank of 
the channel, or by means of siphons or spiles.  

When to Use Furrow Irrigation 
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Suitable crops 

Furrow irrigation is suitable for many crops, especially row crops. Crops that would be damaged if water 
covered their stem or crown should be irrigated by furrows.  

Furrow irrigation is also suited to the growing of tree crops. In the early stages of tree planting, one furrow 
alongside the tree row may be sufficient but as the trees develop then two or more furrows can be 
constructed to provide sufficient water 

In summary, the following crops can be irrigated by furrow irrigation:  

- row crops such as maize, sunflower, sugarcane, soybean; 
- crops that would be damaged by inundation, such as tomatoes, vegetables, potatoes, beans; 
- fruit trees such as citrus, grape; 
- broadcast crops (corrugation method) such as wheat. 

Suitable slopes 

Uniform flat or gentle slopes are preferred for furrow irrigation. These should not exceed 0.5%. Usually a 
gentle furrow slope is provided up to 0.05% to assist drainage following irrigation or excessive rainfall with 
high intensity.  

On undulating land furrows should follow the land contours. However, this can be a difficult operation 
requiring very careful setting out of the contours before cutting the furrows.  

Suitable soils 

Furrows can be used on most soil types. However, as with all surface irrigation methods, very coarse sands 
are not recommended as percolation losses can be high. Soils that crust easily are especially suited to 
furrow irrigation because the water does not flow over the ridge, and so the soil in which the plants grow 
remains friable.  

Furrow Layout 

This section deals with the shape, length and spacing of furrows. Generally, the shape, length and spacing 
are determined by the natural circumstances, i.e. slope, soil type and available stream size. However, other 
factors may influence the design of a furrow system, such as the irrigation depth, farming practice and the 
field length.  

Furrow length 

Furrows must be on consonance 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  
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Although furrows can be longer when the land slope is steeper, the maximum recommended furrow slope 
is 0.5% to avoid soil erosion. Furrows can also be level and are thus very similar to long narrow basins. 
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.  

Soil type  

In sandy soils water infiltrates rapidly. Furrows should be short (less than 110 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 
than on sandy soils.  

Stream size  

Normally stream sizes up to 0.5 l/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 generally 
furrows can be longer. The maximum stream size that will not cause erosion will obviously depend on the 
furrow slope; in any case, it is advised not to use stream sizes larger than 3.0 l/sec. 

Irrigation depth  

Applying larger irrigation depths usually means that furrows can be longer as there is more time available 
for water to flow down the furrows and infiltrate.  

Cultivation practice  

When the farming is mechanized, furrows should be made as long as possible to facilitate the work. Short 
furrows require a lot of attention as the flow must be changed frequently from one furrow to the next. 
However, short furrows can usually be irrigated more efficiently than long ones as it is much easier to keep 
the percolation losses low.  

Field length  

It may be more practical to make the furrow length equal to the length of the field, instead of the ideal 
length, when this would result In a small piece of land left over. Equally the length of field may be much 
less than the maximum furrow length. This is not usually a problem and furrow lengths are made to fit the 
field boundaries.  

Furrow shape 

The shape of furrows is influenced by the soil type and the stream size.  

Soil type  
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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. However, sandy soils are less stable, and 
tend to collapse, which may reduce the irrigation efficiency.  

In clay soils, there is much more lateral movement of water and the infiltration rate is much less than for 
sandy soils. Thus a wide, shallow furrow is desirable to obtain a large wetted area to encourage infiltration.  

Stream size  

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

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. On clay soils, 
double-ridged furrows - sometimes called beds - can also be used. Their advantage is that more plant rows 
are possible on each ridge, facilitating manual weeding. The ridge can be slightly rounded at the top to 
drain off water that would otherwise tend to pond on the ridge surface during heavy rainfall.  

Cultivation practice  

In mechanized farming a compromise is required between the machinery available to cut furrows and the 
ideal spacing for crops. Mechanical equipment will result in less work if a standard width between the 
furrows is maintained, even when the crops grown normally require a different planting distance. This way 
the spacing of the tool attachment does not need to be changed when the equipment is moved from one 
crop to another. However, care is needed to ensure that the standard spacing provide adequate lateral 
wetting on all soil types.  

2.5.1.3 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 spiles. A sheet of water flows down the slope of the border, guided by 
the bunds on either side. 

 

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.  
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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. Basin irrigation is preferable in such circumstances.  

Suitable crops: Close growing crops such as pasture or alfalfa are preferred.  

Border Layout 

The dimensions and shape of borders are influenced in much the same way as basins and furrows by the 
soil type, stream size, slope, irrigation depth and other factors such as farming practices and field or farm 
size.  

Many of the comments made about basins and furrows are generally applicable to borders also and so do 
not require repetition here. 

2.5.2 Irrigation methods and irrigation water saving technologies in Ethiopia 
 

? 
Brain storm trainees by asking: 

 what are the most common irrigation water saving technologies in Ethiopia 
 discuss the advantage and problems/disadvantages of each  technologies they pointed 

out   

 

2.5.2.1 Sprinkler Irrigation 
Sprinkler irrigation is also irrigation method and it is similar to natural rainfall. Water is pumped through a 
pipe system and then sprayed onto the crops through rotating sprinkler heads.  

 Sprinkler irrigation is a method of applying irrigation water which is similar to natural rainfall. 
Water is distributed through a system of pipes usually by pumping. It is then sprayed into the air 
through sprinklers so that it breaks up into small water drops which fall to the ground. The pump 
supply system, sprinklers and operating conditions must be designed to enable a uniform 
application of water.  

 Sprinkler irrigation is suited for most row, field and tree crops and water can be sprayed over or 
under the crop canopy. However, large sprinklers are not recommended for irrigation of delicate 
crops such as lettuce because the large water drops produced by the sprinklers may damage the 
crop.  

 Sprinkler irrigation is adaptable to any farmable slope, whether uniform or undulating. The lateral 
pipes supplying water to the sprinklers should always be laid out along the land contour whenever 
possible. This will minimize the pressure changes at the sprinklers and provide a uniform irrigation.  

 Sprinklers are best suited to sandy soils with high infiltration rates although they are adaptable to 
most soils. The average application rate from the sprinklers (in mm/hour) is always chosen to be 
less than the basic infiltration rate of the soil so that surface pending and runoff can be avoided.  
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 Sprinklers are not suitable for soils which easily form a crust. If sprinkler irrigation is the only 
method available, then light fine sprays should be used. The larger sprinklers producing larger 
water droplets are to be avoided.  

 A good clean supply of water, free of suspended sediments, is required to avoid problems of 
sprinkler nozzle blockage and spoiling the crop by coating it with sediment.  

 The average infiltration rate at which water is sprayed onto the crops is measured in mm/hour. The 
application rate depends on the size of sprinkler nozzles, the operating pressure and the distance 
between sprinklers. When selecting a sprinkler system it is important to make sure that the 
average application rate is less than the basic infiltration rate of the soil, discussed under section 
1.3.1.7.  

 As water sprays from a sprinkler it breaks up into small drops between 0.5 and 4.0 mm in size. The 
small drops fall close to the sprinkler whereas the larger ones fall close to the edge of the wetted 
circle. Large drops can damage delicate crops and soils and so in such conditions it is best to use 
the smaller sprinklers.  

 Drop size is also controlled by pressure and nozzle size. When the pressure is low, drops tend to be 
much larger as the water jet does not break up easily. So, to avoid crop and soil damage use small 
diameter nozzles operating at or above the normal recommended operating pressure.  

2.5.3 Drip Irrigation 
Drip irrigation is one of irrigation method technologies. With drip irrigation, water is conveyed under 
pressure through a pipe system to the fields, where it drips slowly onto the soil through emitters or 
drippers which are located close to the plants. Only the immediate root zone of each plant is wetted. 
Therefore this can be a very efficient method of irrigation.  
 

2.5.3.1 Advantages of drip irrigation  

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;  

2.   Reduce cost of fertilizer: precise application of possible nutrients is possible using drip irrigation  
3.   Reduce labour demand; 
4. Low energy requirement: A drip irrigation system requires less energy than a conventional     

pressurized system as it increases irrigation efficiency and therefore less water to be pumped; and 
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 accumulation as the salts always accumulate towards the edge of the wetted soil 
bulb;   

2.5.3.2 Problems associate with drip irrigation  

1. Clogging of emitters: clogging of emitters is the most serious problem associate with irrigation. To 
prevent blockage, the water should be properly filtered before use, depending on the particular 
particle size and type of suspended material containing in the irrigation water; and  

2. Cots: Family drip irrigation system typically cost Birr up to 15, 000 per hectare. 
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2.6 Irrigation planning 
 

Objective: To enhance the knowledges and skills of the participants of the training course with regard to 
irrigation planning  

Topics:   

 Operational procedures 
 Distribution of Water 
 System Scheduling, Indenting, Ordering 
 Emergency procedures 

Target Group: Beneficiaries, DAs, water technicians, different committees of IWUAs, responsible experts 
from woreda, zone and region   

Materials: flip chart and marker, formats, handouts 

Methods: brain storming, lecturing  

Duration: 2 hours 

 

? 
As a brain storm ask trainees: 

 What is irrigation planning 
 What challenges do you expect in planning from the farmers 
 How do you overcome challenges in matching demand and supply of water (if the 

demand exceeds supply? 
 
Irrigation planning involves making decisions on the cropping pattern for the coming irrigation season. In 
some schemes, irrigation planning is done by the managers of the scheme. In those schemes, farmers grow 
crops that are prescribed by the scheme managers. Preference, however, is to consider the farmer as the 
person who is responsible for running his or her own business. This includes making decisions on what 
crops to grow. 
In deciding on what crops to grow in the next season, the farmer will consider: 

 crops that meet the farming family's basic food requirements; 
 Crops that can be sold in the market at a profit. 

The cultivation of each of these crops will require a different set of inputs such as seed, fertilizer, labour 
and irrigation water. The farmer must be confident that all of these inputs will be available in sufficient 
quantity to grow all of the selected crops in a satisfactory manner. For inputs such as seeds and fertilizer, 
the farmer can check with one or more suppliers. For labour inputs, the farmer will use his or her own 
experience to judge whether the labour resources at disposal are adequate to do the land preparation, 
planting, weeding, irrigation, plant protection, harvesting, transportation and threshing for all of the 
selected crops. For crops that he or she has no previous experience with, the farmer can ask other farmers 
or an agricultural extension agent for advice. 



  
 

70 | P a g e  
 

For the input of irrigation water, however, it is more difficult for the farmers to check by themselves 
whether this input will be available at the right time and in sufficient quantities to support the crops of 
their choice. It is more difficult, because: 

 the farmer does not know the total water needs of the scheme and the total water resources 
available to the scheme; 

 the farmer does not control the allocation and distribution of irrigation water in the scheme. 
When farmers are absolutely free to select their own cropping pattern, a situation may develop during the 
irrigation season in which the water resources available to the scheme are no longer adequate to meet the 
irrigation needs of the farmers in the scheme. This risk can be reduced if farmers submit their cropping plan 
to the scheme operators before the start of the irrigation season.  
 

 

Both water resources and irrigation needs during the irrigation season can be different 
from what was expected in the case of abnormal weather conditions. If water resources 
are adequate, then shortage of water is not a reason for restricting farmers' freedom in 
selecting their own cropping pattern. If water resources are not adequate, this is one 
reason for imposing some restrictions. 
 

 
To avoid these problems in schemes where farms are grouped into tertiary units, it is recommended that 
farmers within each tertiary unit get together for drawing up their cropping pattern for the next irrigation 
season. After farmers have drawn up the cropping pattern for their tertiary unit, they submit it to the 
scheme management. The cropping patterns are acceptable if, at any time during the coming irrigation 
season: 

 the expected operational irrigation need for each tertiary unit does not exceed the discharge that 
can be delivered from the offtake; 

 the expected operational need for the scheme1 does not exceed the available scheme water 
supply. 

In order to match irrigation needs with irrigation supply, the scheme managers may propose a number of 
strategies. They could advise to: 

 set a maximum for the area that can be cultivated with crops that have a high irrigation need, such 
as rice or sugar cane: for example, not more than 50% of the area in each tertiary unit may be 
planted with rice; 

 stagger the growing season within each tertiary unit, in order to reduce its peak water 
requirement; 

 concentrate the planting period within each tertiary unit and stagger planting periods at scheme 
level; in this way the peak water requirements of the tertiary units will occur one after another, 
instead of simultaneously; 

2.5.1 Operational procedures 

A specific set of written procedures and instructions will be required for each operating feature or item (or 
class) of plant, as indicated in the following sections: 
 
Water Sources and Storages 
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The sources of water should have been determined during planning and documented. The quantity 
available from sources should be determined (forecast and holdover) on a periodic basis  so that supplies 
can be estimated and plans can be formulated by the supplier and users. 
 
Many irrigation systems utilize a reservoir, often a part of a multi-purpose scheme, to store  water during 
periods of high river flow for subsequent use during periods of low flow. The dam which forms the 
reservoir is often a major structure and must be operated under specific rules and procedures. These rules 
are usually formulated during the planning, design, and operational phases. 
 
Because of the critical nature of the dam and reservoir to the success of providing an adequate and reliable 
water supply, specific rules should be documented and implemented for each dam and reservoir, including 
provisions for periodic inspection. 
 
Since the planning, design, operation and maintenance of large dams is a highly specialized activity, 
irrigation agencies responsible for such facilities should refer to directions and procedures developed by 
the International Commission on Large Dams (ICOLD) and their national committees, and the relevant 
specialized organizations within the country. Particular regard should be given to the requirements for 
instrumentation, monitoring and performance in the context of dam safety. 
 
Distribution of Water 
The operation of a water delivery network may vary considerably depending on a number of water 
management factors, including but not limited to the: 

 climatic conditions, particularly the rainfall pattern; 
 degree of regulation of the sources of water; 
 quality of the water, particularly the silt content; 
 size of project; 
 number and type of farms; 
 number and category of other users; 
 type of conveyance and distribution facilities (open channels and/or buried pipes, etc.) 
 method of water distribution; e.g. on demand, or pre-arranged demand, under a rigid 
 rotational system, or under continuous flow. 

 
The actual distribution of water includes two distinct steps: 

 the preparation of the irrigation system scheduling (indenting, ordering) at an interval to be 
determined; 

 the operation of the delivery system. 
Procedures for these two activities should be clearly and carefully defined in the O&M manual since they 
are vital for the quality of services to the water users and will involve specific field staff. 
 
System Scheduling, Indenting, Ordering 
The preparation of a system scheduling depends, as indicated earlier, on the method of water distribution 
and on the type of facilities. The water order for an individual farm or group of cultivators or other users 
can be placed by each farmer or group, or decided unilaterally by the agency according to a pre-established 
scheduling. The preparation of the water delivery schedule can be simplified or even eliminated when part 
of the system is operated on demand or is equipped with advanced water control facilities, such as for 
downstream control or centralized remote control. Difficult areas in preparing a delivery schedule are the 
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estimation of water propagation time, water use efficiencies and effect of rain interruptions. Knowledge 
gained from prior operational experience should be used in refining estimates. 
Standard forms should be prepared to facilitate the preparation of the system scheduling, such as forms 
for: 

 individual demand at lower level of canals; 
 aggregating water demand for lower level to headworks incorporating efficiency values at 

different levels of the system. Instructions to deal with rapid variations of demand due to 
rainfall, prepared jointly with the users should also be included. 

The use of modem computational tools can effectively assist in the task of calculating and scheduling water 
deliveries in irrigation canal networks. 
 
Operation of the Canal System 
Instructions should be formulated regarding: 

 system start-up and close-down; 
 range of discharges in each canal (minimum and maximum values); 
 authorized rate of change of discharge; 
 water level fluctuations at critical points of each canal (minimum, maximum, rate of fluctuation 

- normal and emergency); 
 operating during rainfall season; 
 operation of all water control structures (cross-regulators, offtakes, wasteways, pumps, etc.). 

If part of the system is operated under remote control, detailed instructions for system scheduling and 
operating should be prepared. 
 
Depending upon the type of water control technology, forms should be prepared for recording flow and 
water levels at critical points of the irrigation system. This information is important for: 

 calculation of actual water delivered and used; 
 determination of actual water use efficiencies; 
 providing data for improvements in the system; 
 volumetric water charges where applicable; 
 longer term review and evaluation of policy and operational practices. 

Given the enormous volume of information on canal operation and water delivery which needs to be 
recorded, stored, monitored and analyzed, the use of computer-based management information systems is 
proving advantageous, if not essential, in many countries. Such systems need to be developed carefully to 
ensure that all the information needs arising from the water distribution function for other units in the 
organization can be met without the need for separate data bases. Careful attention should be given in the 
development of the computer programs to include these other needs, as well as to providing for effective 
operational management. Refer also to Chapter 5.B "Management Information Systems." 

2.6.2 Emergency procedures 
An emergency preparedness plan (referred to as a disaster plan in some countries) should be developed for 
all facilities for which failure or malfunction could cause: 

 danger to human life; 
 substantial property damage; 
 loss of production; 
 disruption of other community activities. 

Essential complementary parts of an emergency plan are the: 
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 establishment of emergency depots with immediately available stockpiles of materials for rapid 
repairs; and 

 schedules of mechanized plant and equipment which would be available from the agency, or 
from other agencies in relevant areas. 
 

Dams and Major Structures 
Given the nature of the hazards involved in structural failure or malfunction, and the  
Specialized technology involved in these structures, reference should be made to ICOLD and other relevant 
organizations for instructions in preparing the emergency plan, including inundation maps. 
 
Other Facilities 
For other facilities, a number of situations need to be addressed, e.g.: 

 excessive rainfall and flooding; 
 block ages or malfunction of gates; 
 breaches or overtopping of canal banks; 
 breaches or overtopping of flood embankments; 
 obstruction of drainage structures; 
 chemical spills and pollution of waterways. 

The plan should indicate: 
 action to be taken to minimize damage or risk to structures; 
 action to minimize danger to life or other property; 
 internal reporting processes to be followed; 
 external communication and notification processes; 
 liaison requirements with relevant authorities: 
 civilian protection or evacuation 
 traffic control and diversion 
 flood routing procedures 
 water quality issues. 

2.6.1 Communications 
An efficient system of communication is necessary to make possible the flow of information required for 
operation within the system and between the project and the users. 
  
A full management information system is usually desirable, and this can be used by those responsible for 
different aspects of an irrigation scheme, such as the extent and rate of planting and harvesting, and 
occurrence of pests and diseases. 
 
Clear instructions should be provided to operating staff on timing and nature of data to be exchanged.  
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