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PART I: Introduction on Irrigation Agronomy 

Chapter 1. Introduction  

Ethiopia has large irrigation potential that can bring drastic change in agricultural production and 

overall economic growth of the nation. The predominant agricultural system is based on smallholder 

production and the sub- sector for crop production is entirely dependent on rainfed agriculture with 

very limited areas currently developed under irrigation. The agriculture sector is facing a great 

challenge of not fulfilling the food requirement of the nation and the country is forced to depend on 

foreign food aid in order to feed its people accordingly. 

Irrigation is generally considered as a means of modernising the country's agricultural economy and 

an important investment for improving rural income through increased agricultural production and 

productivity. It is also central for reducing the ever increasing pressure on land by increasing the 

productivity of a unit of land as well as by bringing new land under cultivation, particularly in the 

lowlands where population density is relatively low and uncultivated land is abundantly available. 

Furthermore, irrigation plays an important role in combating the effects of recurrent droughts and 

sustains production with efficient and effective use of the available resources. 

Traditional small scale irrigation has a long history in Ethiopia. Rural communities have been 

developing small scale irrigation for decades and even centuries with minimal or no support from 

external bodies, such as the government or non-governmental organisations. Most of the traditional 

small scale irrigation schemes are served by temporary river diversion structures made of locally 

available materials.  

In recent years there are a large number of small- scale irrigation schemes that have been developed 

in different parts of the country by the Government and support of different funding agencies. Almost 

all are gravity fed involving river diversions, spring developments and micro dams. In most cases, the 

canals are unlined with inadequate controlling and measuring structures.  

In general, the performance of small scale irrigation schemes in Ethiopia is very poor when compared 

with other countries.  Agricultural water productivity is low. Siltation in canals and dams due to 

catchment degradation is a serious problem. In addition, improper planning, design, construction, 

O&M and management impact is a serious problem on most small scale irrigation schemes.  

Based on a situational analysis and capacity needs assessment carried out by MoA, SMIS project is 

designed to support the Government of Ethiopia to strengthen on-farm irrigation water and crop 

management activities. 

This irrigation agronomy training manual is mainly prepared with the prime objective of making the 

information available primarily for regional irrigation agronomy experts, zone and woreda experts and 

kebele DAS to enhance their theoretical knowledge and upgrade their practical skills in providing 
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efficient and effective technical assistance to farmers engaged in irrigated agriculture. The manual is 

subject to periodical revision to enrich it with practical field experiences and new research findings. 

The training material is designed to deliver some basic and useful information to the users. The main 

emphasis of this training manual is OFWM, integrated soil fertility management, irrigated crop 

production, integrated pest management. The OFWM   training manual is given to general concepts 

and principles of irrigation, of which importance of irrigation, harmful effect of irrigation, sources of 

irrigation water, current irrigation practices, appropriate irrigation practices, aspects of Soil- water- 

plant relation ships, measurement of irrigation water quantity, crop water and Irrigation water 

requirement, irrigation methods, irrigation scheduling, Principles and Concepts of OFWM, methods of 

improving OFWM practices, solving water shortage in the command area and Irrigation Scheme 

Operation and maintenances are discussed briefly.   

1.1 Purpose and scope of the manual   

This training material is mainly prepared for the purpose of making the information available primarily 

for regional, zonal and woreda irrigation agronomy experts, and kebele DAS to enhance their 

theoretical knowledge and upgrade their practical skills in providing efficient and effective technical 

assistance to farmers engaged in irrigated agriculture.  

Basically this training material focuses on OFWM, Irrigated crop production, Soil fertility management, 

and integrated pest management. The material discusses the entire possible theoretical and practical 

aspects of each subject matter. 

Generally, the module comprises 11 chapters on OFWM, 12 chapters on ICP, 13 chapters on ISFM and 

11 chapters on IPM which are logically arranged one after the other. Necessary data have been 

annexed for each subject for references. 
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Chapter 2. General concepts and principles of irrigation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1 Definition of Irrigation 

Irrigation is defined as an artificial application of water to irrigated crop fields to supplement the 

natural sources of water to satisfy the crop water requirements and increase crop yields on 

sustainable basis without causing damage to the land and soils. The natural supply of water to the 

agricultural land for crop production purpose is usually received from natural sources such as 

precipitation /rain/, other atmospheric water, ground water and floodwater.  

Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 Describe the concept and principles of irrigation, 

 clearly define what irrigation means and describe its need and importance; 

 describe the harmful effects of irrigation and their impacts on the environment 

and human health; 

 define the different irrigation water sources 

 describe the current irrigation practices and appropriate irrigation practices of 

the country 

Materials required: PPT slides, participant guideline, Flip chart paper, pens, 

Methodology: the training methodology will be: 

 lectures on concepts, principles, practices and approaches of irrigation,    

 Demonstration of the theoretical concepts using facts and figures and 

exercises and discussion 

 Given the opportunity to apply the knowledge and skill they acquired from 

their work experience through assignments, group works and presentation 

Facilitator will ask participants to divide the whole session into equal number of 

participant to make a group; 

Each group will be asked to discuss on the importance of irrigation, the harmful effects 

of irrigation and the current irrigation practices of their area,  

After the discussion each group will come up with group work report on flip chart and 

expected to post and display on the wall as a gallery show. 

Q1. What are the source of irrigation water in your area? 
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2.2 The importance of irrigation  

The development of irrigated agriculture has a significant potential to improve productivity and reduce 

vulnerability to climactic volatility in any country. Although Ethiopia has abundant rainfall and water 

resources, its agricultural system does not yet fully benefit from the technologies of water 

management and irrigation. The majority of rural dwellers in Ethiopia are among the poorest in the 

country, with limited access to agricultural technology, limited possibilities to diversify agricultural 

production given underdeveloped rural infrastructure, and little to no access to agricultural markets 

and to technological innovations. These issues, combined with increasing degradation of the natural 

resource base, especially in the highlands, aggravate the incidence of poverty and food insecurity in 

rural areas.  

Therefore, the development of irrigation ensures production of high value crops, ensures protection 

of crop failures, due to drought; ensures cultivation of suitable multiple cropping practices in a season, 

maximizes the value of land and farmers may become prosperous and their living standard could be 

raised and creates an opportunity of introducing aquaculture to farmers that will improve their diet 

by supplementing with protein source and can be used as an additional income source. In addition, 

irrigation water can be used for domestic and industrial water supplies for nearby areas and Irrigated 

agriculture requires increased farm labours and this creates employment opportunities for the rural 

population.  

2. 3 Harmful effect of irrigation 

Irrigation is useful only when it is properly managed and controlled. Faulty and careless irrigation 

water management practices do harm to crops and damage the land and ultimately reduce crop yields. 

Besides, excess watering is a waste of the valuable and scarce resource of water. Traditionally, 

including the Ethiopian experience when water is excessively available, farmers are usually tempted 

to over- irrigate their lands without being conscious of the harmful effects of over- watering on their 

fields.  

Therefore, the following are some harmful effects of faulty and excess irrigation practices: 

 Poor soil aeration: Excess irrigation fills the pores with water expelling soil air completely and 

this leads to deficiency of oxygen, which affects the root respiration and normal growth of 

crop plants. 

 Increase nutrient toxicity level to crops: In excess water application nutrients such as 

manganese and iron become more soluble and their increased availability may be toxic to 

plants. 
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 Creates physiological imbalance in plants: Physiological activities of plants will seriously be 

affected, due to lack of adequate oxygen in poorly aerated soil.  

 Restricts the root system: lack of adequate oxygen, restricts the root development. Roots do 

not grow well in wet soil conditions and usually remain shallow and affects the nutrient uptake 

of plants that ultimately affect crop growth and resulted in reduced crop yields. 

 Increases soil erosion and lead to degradation of soil fertility status: Heavy irrigation in areas 

of sloping and undulating lands may cause erosion of surface soil. The stream size and amount 

of irrigation water applied should be decided based on the water intake rate, hydraulic 

conductivity, textural class and water retentive capacity of the soil, land slope and soil water 

depletion status in order to minimize the likely erosion hazard and leaching of nutrients 

beyond the active root zone. 

 Rise of water table:  Faulty and over- irrigation in a farm, if continued for a long period leads 

to rise of water table. The rise of water table restricts the root development and limits the 

feeding zones of crops. Growing of fruit trees and deep- rooted crops in areas, where the 

water table rises high up and gets near the soil surface, is not suitable. Instead, shallow rooted- 

crops are recommended to be cultivated in such conditions.  

 Creates water logging: when irrigation is done in a large stream size and if not turned off in 

the proper time, excess water accumulates in the lower part of the field and causes water 

logging. Therefore, controlling of the stream size and constructing of drainage systems is 

highly essential to drain out excess water and create favorable conditions for normal growth 

and development of crop plants. 

 Affects activities of micro- organisms: Useful aerobic bacteria such as ammonifying, nitrifying 

and nitrogen fixing bacteria cannot function well under deficiency of oxygen. As a result, 

decomposition of organic matter, atmospheric nitrogen fixation and availability of nutrients 

to plants are hampered. On the other hand, anaerobic bacteria are activated causing loss of 

nitrogen in the form of gas, evolution of harmful gases and encourages incidence of plant 

diseases. 

 Increases incidence of malaria and other water borne diseases: waterlogged areas are ideal 

sites for breeding of mosquitoes and enhance the outbreak of malaria and water borne 

diseases. Therefore, basic knowledge and skills are required for efficient water management 

practices. 

2.4 Irrigation water sources  

Irrigation supports successful crop growing and stabilizes crop yields. Irrigation is required in most of 

the places having uncertainty and uneven distribution of rainfall, particularly in semi- arid and arid 
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regions. Irrigation, however, involves high capital investment for its exploitation and supply to crop 

fields. Irrigation water is obtained mainly from two sources: Surface water and ground water. 

 Surface water: In general, rain, melting snow, rivers, lakes, reservoirs, water tanks and ponds 

are the main sources of surface water. However, in the Ethiopian context, melting snow is not 

considered as part of the main source of surface water. The surface water provides the largest 

quantity of irrigation water. Dams are constructed across rivers and water is diverted to 

agricultural fields through canals and distributed by gravity flow. Streams are developed and 

the water is led to fields under gravity to irrigate crops.  

 Ground water: Ground water is also an important source of irrigation water. Rain and melting 

snow are the principal sources for recharging ground water. However, rain is considered as 

the main source for recharging ground water in the Ethiopian condition. Besides, seepage 

water from canals, reservoirs and lakes, rivers drainage and percolating floodwater recharge 

also the ground water. Ground water is an ideal water source provided that there is an 

adequate recharging potential.  

2.5 Current irrigation practices 

The contribution of irrigated agriculture for food security is increasing in Ethiopia from time to time. 

Irrigation is particularly necessary in the dry season from November to early June and consequently 

supplementary irrigation is needed in the wet season. This pattern of irrigation reduces the risk of 

food crop failure in the wet season and assures the utilization of the residual moisture in the dry 

season. Small scale (both traditional and modern) irrigation is a promising vehicle for rural 

development. It can offer the farmer increased security of crop production, while avoiding many of 

the problems which have been experienced by shortage of rainfall.  However, many existing irrigation 

systems perform below potential. 

Traditional irrigations have been developed on the initiative of farmers rather than governments, and 

have continued their existence in the same way. Traditional irrigation schemes are often characterized 

by poor water control, and consequently low cropping intensities and yields. But in Ethiopia, the area 

under traditional irrigation is far exceeds the area under modern irrigation schemes, and the scopes 

for obtaining increased food production from these schemes are significant. 

In Ethiopia the current irrigation practices are very poor. In most cases, the canals are unlined with 

inadequate controlling and measuring structures. The use of appropriate on farm irrigation water and 

crop management is very poor. Siltation in canals and appropriate drainage structure is a serious 

problem in most SSI schemes. In addition, improper planning, design, construction, O&M and 

management impact is a serious problem. Effective agronomic practices, soil fertility management, 
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appropriate crop selection and rotation, and IPM are not properly implemented in most small scale 

irrigation schemes.  

2.6 Appropriate irrigation practices 

Successful irrigation implementation requires participation in the planning and implementation 

process by all stakeholders, in order to create a sense of ownership of, and consequent commitment 

to, the project. Ownership and commitment by the users are unlikely to be achieved unless they 

consider that the project would meet their felt needs and they have a chance in the equity - that is, 

they share in or bear all of the operation and maintenance costs (FAO, 1996).  

participatory or consultative planning is essential in rehabilitation projects or the upgrading of 

traditional farmer-managed irrigation systems, to take advantage of the invaluable store of cross-

disciplinary knowledge that farmers possess about the existing systems. 

Effective agronomic practices are essential components of irrigated systems. Management of the soil 

fertility, crop selection and rotation, and integrated pest management may make as much incremental 

difference in yield as the irrigation water itself. Appropriate Irrigation system implies good drainage, 

soil reclamation, and erosion control. When any of these factors are ignored through either a lack of 

understanding or planning, agricultural productivity will decline (FAO, 1989). There is also a need to 

identify crops and irrigation techniques which will give higher returns to water and the overall 

investment. In this regard, improving water management is an important way to increase crop yields 

(Majumdar, 2002). The method, frequency and duration of irrigations have significant effects on crop 

yield and farm productivity. It is more difficult for the farmers to check by themselves whether the 

irrigation water will be available at the right time and in sufficient quantities to support the crops of 

their choice.  Because the farmer does not know the total water needs of the scheme and the total 

water resources available to the scheme and the farmer does not control the allocation and 

distribution of irrigation water in the scheme. The allocation and distribution of irrigation water is 

effectively implemented by formulating a water users’ association in the scheme (FAO, 1996). 

Developing, operating and maintaining an irrigation scheme almost always requires joint action by the 

water users. For irrigation schemes the water is usually delivered to a group of farmers requires a 

water users' association (WUA) that is capable of assuming responsibility for water distribution among 

farmers.  
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PART II: TRAINING MANUAL ON FARM Water Management (OFWM) 

Chapter 3. Principles and Concepts of OFWM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1 Definition of OFWM 

Water management can be defined as the planned development, distribution and use of water 

resources in accordance with predetermined objectives while respecting both the quantity and quality 

of the water resources (Wolff and Stein,2003). It is the specific control of all human interventions 

concerning surface and sub surface water.  

OFWM can be defined as the manipulation of water within the borders of an individual farm, a farming 

plot or field. For example, in canal irrigation systems, OFWM starts at the farm gate and ends at the 

disposal point of the drainage water to a public watercourse, open drain or sink (Wolff and 

Stein,2003). OFWM generally seeks to optimise soil-water-plant relationships in order to achieve a 

yield of desired products. 

OFWM can be defined as: A systems approach towards controlling water on a farm in a manner that 

provides for the beneficial management of water for satisfying the irrigation and drainage needs of a 

Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 clearly define what OFWM means; 

 clearly know the principles and concepts of OFWM; 

 define what appropriate OFWM practices means  

Materials required: PPT slides, Flip chart papers, note books and pens, 

Methodology: the training methodology will be: 

 lectures on concepts, principles, practices and approaches of OFWM,    

 Demonstration of the theoretical concepts using facts and figures and exercises and 

discussion, 

 Given the opportunity to apply the knowledge and skill they acquired from their 

work experience through assignments, group works and presentation 

 Facilitator will ask participants to divide the whole session into equal number of participant 

to make a group; 

Each group will be asked to discuss on the importance of appropriate OFWM practices.  

After the discussion each group will come up with its group work report and present for the 

whole group. 

Q. what is on farm irrigation water management and irrigation water management?  
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crop under the constraints imposed by the prevailing physical, social, governmental, and production 

systems (EDIS website at http://edis.ifas.ufl.edu...) 

3.2 Principles and Concepts of OFWM 

Water affects most crop production activities. Sufficient water must be present in the root zone for 

germination, evapotranspiration, nutrient absorption by roots, root growth, and soil microbiological 

and chemical processes that aid in the decomposition of organic matter and the mineralization of 

nutrients. These factors are all necessary for sustaining crop growth on a particular field.  

At the same time, the root zone must be sufficiently dry to ensure adequate aeration and root 

extension. The root zone must also be dry enough to allow field access for performing cultural practice 

activities such as planting, cultivating, fertilization, pesticide and herbicide applications, and 

harvesting operations. In order to realize potential yields, water movement through the soil must 

exist; water movement leaches excess salts from the root zone. 

Water management evaluations examine the efficiency with which water is conveyed, applied to a 

field, and made available for crop use for optimum growth. A well-managed system will, under most 

circumstances, not subject a crop to either drought or flood conditions that would result in yield 

reductions 

the on-farm water management concept is one involving various decision-making processes. These 

decisions revolve around using water to realize optimum returns from the crop. Economic and social 

factors place certain restrictions on optimum returns. The primary purpose of irrigation is to supply 

crops with sufficient water to satisfy evapotranspiration needs so yield reductions will not occur.  The 

first management decision regards the type of system that will be used to perform this function. When 

to irrigate and how much water to apply are other concerns.  Both questions can be answered by 

considering the evapotranspiration needs of the crop, rainfall patterns, and the need for field access.  

Clearly, water must be applied to the root zone before drought stress can cause irreversible damage 

to the crop.  

3.3 Appropriate OFWM practices  

Appropriate OFWM practices require well-levelled fields, appropriately designed on-farm distribution 

systems, and a good knowledge of when to irrigate and how much water to apply. Irrigated agriculture 

also requires a reliable source of water, readily available when needed, and in quantities that can be 

distributed effectively and efficiently over the farmer's field. In addition, soil amelioration measures 

such as sub-soiling and gypsum application may be necessary, as may a well-functioning drainage 

system. However, all this will lead to good OFWM only if the system as a whole is well managed, if the 

managers or farmers take the appropriate management decision at the right time, and if they make 



 

10 
 

sure that the management decisions are indeed transferred into practice correctly and on time. 

Furthermore, part of the success of good OFWM depends on close communication and interaction 

among farmers and other water users of the respective catchment area as well as with the service 

providers and the water supply administration. This is especially the case if the measures taken on-

site will be affected by off-site activities or will affect such activities. 
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Chapter4. Methods of improving OFWM practices  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 Improved agronomic practices 

The use of suitable crop varieties, improved crop rotation, sowing dates, crop density, soil-fertility 

management, weed control, pests and diseases control, water-conservation measures, irrigation 

scheduling, water-quality monitoring and drainage are some of the agronomic practices used to 

improve OFWM. 

Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 Know the importance of improved agronomic practices for improving OFWM practices 

 Know the role of improved irrigation efficiency for improving OFWM practices; 

 Know the role of appropriate crop selection for improving OFWM practices;  

  Know the proper use of irrigation scheduling for improving OFWM practices 

 Understand the application of integrated soil fertility management for improving OFWM 

practices 

Materials required: PPT slides, Flip chart papers, note books and pens, 

Methodology: the training methodology will be 

 lectures on concepts, principles, practices and approaches of  methods of  improving 

OFWM practices,    

 Demonstration of the theoretical concepts using facts and figures and exercises and 

discussion 

 Given the opportunity to apply the knowledge and skill they acquired from their work 

experience through assignments, group works and presentation 

Facilitator will ask participants to divide the whole session into equal number of participant to 

make a group; 

Each group will be asked to discuss their views on improved agronomic practices, improved 

irrigation efficiency, appropriate crop selection, proper use of irrigation scheduling and the 

importance of integrated soil fertility management for improving OFWM practices. 

 After the discussion each group will come up with its group work report and present for the 

whole group. 

Q1. What are the present improved agronomic practices in your area? 

Q2. How can proper irrigation scheduling improve OFWM practices?  
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One of the most effective ways to improve on farm water management practices an irrigated 

agriculture is to adopt crop rotations which include crops with low water use requirements both daily 

and seasonally. Correspondingly, cultural practices such as reduced or minimum tillage, minimum soil 

disturbance, uniform plant spacing, appropriate variety selection, and crop sequencing or rotation can 

all contribute to improve OFWM practices. Conservation tillage helps preserve soil moisture by leaving 

at least 30% of the soil surface covered with crop stubble, thereby decreasing wind and water erosion. 

The crop stubble layer reduces evaporation in the soil profile by one-half compared to bare soil.   

4.2 Improved irrigation efficiency 

Irrigation efficiency, broadly defined at the field level, is the ratio of the average depth of irrigation 

water beneficially used (consumptive use plus leaching requirement) to the average depth applied, 

expressed as a percentage. Improved water-conveyance systems are an important potential source of 

farm-level water savings.  System upgrades include ditch lining, ditch reorganization, and pipeline 

installation and precision field leveling, shortened water runs, alternate furrow irrigation, and tail 

water reuse are some of the tools used to improve irrigation efficiencies. 

Carefully managed deficit irrigation on agronomic crops would provide the greatest potential for 

substantially reducing agricultural water use because of the larger land areas that are involved. High-

value crops may also produce some water savings through various deficit irrigation strategies, but 

their impact will be much lower because they generally occupy less than 10% of irrigated area (location 

specific). However, deficit irrigation strategies still must be developed for most crops. 

4.3 Appropriate crop selection 

Plants differ in their ability to withdraw water from soils, their water use rate, and their ability to 

withstand soil water stress. choosing adapted and water efficient crops is a main concern of OFWM 

practices. In this respect, there will likely be a shift to crops that mature more quickly, such as high 

value crops (vegetables), or various pulse crops such as peas and lentils. Shifts to deep rooted, 

drought-resistant crops such as sunflower and safflower may also occur to maximize use of 

precipitation stored in the soil.  

4.4 Proper use of irrigation schedule 

Irrigation scheduling involves the application of irrigation water based on a systematic monitoring of 

crop soil-moisture requirements. Different scheduling methods may be used to determine the optimal 

timing and depth of irrigation to meet changing crop needs over the production season. Proper use of 

irrigation scheduling is one means of improved OFWM practices. For efficient irrigation water use 

during scheduling: 
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 Schedule irrigation based on a good knowledge of crop water needs for each stage of 

development from seedling to mature crop. 

 Schedule irrigation according to rainfall. Monitor rainfall with a rain gauge. 

 Schedule irrigation according to evapotranspiration (the transport of water into the 

atmosphere from surfaces, including soil (soil evaporation), and from vegetation 

(transpiration)). Monitor evapotranspiration from weather service or on-farm weather 

station. 

 Develop a good knowledge of soil moisture-holding limitations (laboratory test for soil 

moisture-holding ability or texture analysis). 

 Measure soil moisture by the hand-feel method. 

 Make sure irrigation never extends over non-cropped surfaces. 

 Schedule irrigation during the night, early morning or on cloudy days for overhead 

irrigation 

4.5 Appropriate methods of irrigation and drainages 

4.5.1 Appropriate Methods of irrigation 

Irrigation application methods are grouped into two broad system types:  gravity flow and pressurized 

systems.  

1. Gravity Irrigation Systems and Practices 

Open-ditch conveyance systems have been the traditional means to supplying gravity irrigation 

systems.  Open ditches may be earthen, lined with concrete or other less permeable materials to 

reduce seepage loss.  Water is delivered to gravity-flow fields through siphon tubes, portals, or ditch 

gates. 

Furrow systems, the dominant gravity application system, are distinguished by small, shallow channels 

used to guide water downslope across the field.  Border application systems are the other application 

system used by most Ethiopian farmers. To improve OFWM practices, the use of appropriate method 

of irrigation is very important. Irrigation method improvement can be achieved by the followings:  

 Field leveling 

Field leveling involves grading and earthmoving to eliminate variation in field gradient (smoothing the 

field surface and often reducing field slope).  Field leveling helps to control water advance and improve 

uniformity of soil saturation under gravity-flow systems.  Precision leveling is generally undertaken 

with a laser-guided system.  
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 Shortened water runs 

Shortened water runs reduce the length of furrow (or basin) to increase uniformity of applied water 

across the field. Reduced water runs are most effective on coarse soils with high soil-water infiltration 

rates.  Water runs may be reduced to 3 to 10 meters. 

 Alternate furrow irrigation 

Alternate furrow irrigation involves wetting every second furrow only.  This technique limits deep 

percolation losses by encouraging lateral moisture movement.  Applied water and time required per 

irrigation may be significantly less than under full furrow systems, but more irrigations may be 

required to supply crop needs.  This technique is very effective when the desired strategy is to irrigate 

to a “less than field capacity” level in order to more fully utilize rainfall. 

2. Pressurized Irrigation Systems and Practices 

Pipeline conveyance is most often used to deliver water to fields with pressurized systems.  Water, 

once under pressure, requires a pipeline for conveyance. Pipelines may be above or below ground. 

 Low-flow irrigation systems 

Low-flow irrigation systems include drip/trickle and micro-sprinkler systems.  Drip and trickle systems 

use small-diameter tubes placed on or below the field’s surface.  Frequent, slow applications of water 

are applied to soil through small holes or emitters.  Water is dispensed directly to the root zone, 

precluding runoff or deep percolation and minimizing evaporation. Micro-sprinklers use a similar 

supply system, with low-volume sprinkler heads located about 30cm above the ground. (Micro-

sprinklers are used in place of multiple drip emitters when wetting a broader area or perimeter.)  Low-

flow systems are generally reserved for perennial crops, such as orchard products and vineyards, or 

high-valued vegetable crops. 

4.5.2 Appropriate method of drainage  

The collection and disposal of drainage flows from irrigation and precipitation is an important 

management consideration in many irrigated areas. Irrigation drainage includes surface runoff and 

deep percolation from water applied to meet crop consumptive needs.  In some areas, periodic 

flooding of fields may also be required to leach soil salts from the crop root zone, often increasing the 

need for drainage systems. Irrigation drainage is often collected and reused in irrigated production.  

Drainage flows may also be used as irrigation supplies downslope, both on farm and off-farm.  In some 

cases, drainage systems may be used to drain excess water during wet periods as well as “sub irrigate” 

during dry periods by regulating underlying water tables.   
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4.6 Application of integrated soil fertility management 

Integrated soil fertility management (ISFM) is a set of agricultural practices adapted to local conditions 

to maximize the efficiency of nutrient and water use and improve agricultural productivity. ISFM 

strategies center on the combined use of mineral fertilizers and locally available soil amendments 

(such as lime and phosphate rock) and organic matter (crop residues, compost and green manure) to 

replenish lost soil nutrients. This improves both soil quality and the efficiency of fertilizers, water 

holding capacity of soils and other agro-inputs. In addition, ISFM promotes improved germplasm, 

agroforestry and the use of crop rotation and/or intercropping with legumes (a crop which also 

improves soil fertility). 
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Chapter 5. Aspects of Soil- water- plant relationships  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1 Basic soil physical properties influencing soil water relationships  

5.1.1 Soil composition 

When dry soil is crushed in the hand, it can be seen that it is composed of all kinds of particles of 

different sizes (FAO 1985). Most of these particles originate from the degradation of rocks. They are 

called mineral particles. Some originate from residues of plants or animals (rotting leaves, pieces of 

Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 Describe the basic knowledge of soil-water-plant relationships for high yield production; 

 Know and understand basic soil physical properties influencing soil water relationships  

 Clearly understand what soil moisture content is 

 Understand the method of soil moisture determination 

Materials required: PPT slides, Flip chart papers, note books and pens, 

Methodology: the training methodology will be:  

 lectures on concepts, principles, practices and approaches of  soil water plant 

relationships,    

 Demonstration of the theoretical concepts using facts and figures and exercises and 

discussion 

 Given the opportunity to apply the knowledge and skill they acquired from their work 

experience through assignments, group works and presentation 

Facilitator will ask participants to divide the whole session into equal number of participant to 

make a group; 

Each group will be asked to identify the different soil textures on the field; and also asked to 

discuss the basic soil physical properties influencing soil water relationships.  

After the discussion each group will come up with its group work report and present for the 

whole group. 

Q1. In your area, do irrigators apply irrigation water based on Soil types, Crop development 

stage, water holding capacity of the soil, etc?   

Q2. What is your understanding about soil moisture content, field capacity, permanent wilting 

point, available water?  
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bones 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 water. 

Living materials are also found in the soil. They can be live roots as well as beetles, worms, larvae etc. 

They help to aerate the soil and thus create favourable growing conditions for the plant roots. 

 

Source: FAO (1985). 
Figure5.1 The composition of the soil. 

 

Soil profile 

If a pit of at least 1m deep is dug in the soil, various layers, which are different in colour and 

composition, can be seen. These layers are called horizons. The succession of horizons is called the 

profile of the soil. A very general and simplified soil profile can be described as follows (FAO 1985):  

o The plough layer (20 to 30 cm thick): is rich in organic matter and contains many live roots. 

This layer is subject to land preparation (e.g. ploughing, harrowing etc.) and often has a dark 

colour (brown to black).  

o The deep plough layer: This contains much less organic matter and live roots. This layer is 

hardly affected by normal land preparation activities. The colour is lighter, often grey, and 

sometimes mottled with yellowish or reddish spots.  

o The subsoil layer: This has hardly any organic matter or live roots. It is not very important for 

plant growth, as only a few roots will reach it.  
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o The parent rock layer: This one consists of rock, from the degradation of which the soil was 

formed. This rock is sometimes called parent material. The depth of the different layers varies 

widely and some layers may be missing altogether. 

 

Source: FAO, 1985 
Figure5. 2. The soil profile. 

 

5.1.2 Soil texture 

The mineral particles of the soil differ widely in size and can be classified, depending on their size, as 

gravel, sand, silt and clay (Table5. 1). 

Table5. 1. Soil classification 
Name of the particles Size limits in mm Distinguishable with naked eye 
Gravel Larger than 1 Obviously 
Sand 1 to 0.5 Easily 
silt 0.5 to 0.002 Barely 
Clay less than 0.002 Impossible 

The amount of sand, silt and clay present in the soil determines the soil texture.  In coarse textured 

soils: sand is predominant (sandy soils). In medium textured soils: silt is predominant (loamy soils). In 

fine textured soils: clay is predominant (clayey soils). 
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In a field, soil texture can be determined by rubbing the soil between the fingers. Farmers often talk 

of light soil and heavy soil (Table5.1). A coarse-textured soil is light because it is easy to work, while a 

fine-textured soil is heavy because it is hard to work. The texture of a soil is permanent and the farmer 

is unable to modify or change it. 

5.1.3 Soil structure 

Soil structure refers to the grouping of soil particles (sand, silt, clay, organic matter and fertilizers) into 

porous compounds (FAO,1985). These are called aggregates. Soil structure also refers to the 

arrangement of these aggregates separated by pores and cracks (fig5.3). The basic types of aggregate 

arrangements are granular, blocky, prismatic, and massive structures(fig5.4) 

 

Source: FAO,1985 
Figure5. 3. Soil structure. 

 
When present in the topsoil, a massive structure blocks the entrance of water and makes seed 

germination difficult due to poor aeration. On the other hand, if the topsoil is granular, the water 

enters easily and the seed germination is better. In a prismatic structure, movement of the water in 

the soil is predominantly vertical and therefore the supply of water to the plant roots is usually poor. 

Unlike texture, soil structure is not permanent. By means of cultivation practices (ploughing, ridging 

etc.), farmers try to obtain a granular topsoil structure for their fields. 
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GRANULAR                                                         BLOCKY 

 

PRISMATIC                                     MASSIVE 

 
Source: FAO,1985 

Figure5. 4. Some examples of soil structures 
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5.2 Entry of the water into the soil  

5.2.1 Infiltration process 

When rain or irrigation water is supplied to a field, it seeps into the soil. This process is called 

infiltration. The velocity at which water can seep into the soil is called the infiltration rate. It is 

commonly measured as a depth of the water layer (in mm) that the soil can absorb in an hour (see 

fig5.5 and table5.2). An infiltration rate of 15 mm/hour means that a water layer of 15 mm on the 

surface of the soil will take one hour to infiltrate. 

 

Figure5. 5. Soil with an infiltration rate of 15 mm/hour 

 
Table5.2 Ranges of values for infiltration rates  
Low infiltration rate Less than 15 mm/hour 
Medium infiltration rate 15 to 50 mm/hour 
High infiltration rate More than 50 mm/hour 

Source: FAO (1985). 

5.2.2 Factors influencing the infiltration rate 

The infiltration rate of a soil depends on factors that are constant, such as the soil texture. It also 

depends on factors that vary, such as the soil moisture content and the soil structure (FAO 1985). 

1. Soil texture  

Coarse textured soils have mainly large particles in between which there are large pores. On the other 

hand, fine textured soils have mainly small particles in between which there are small pores. In coarse 

soils, the rain or irrigation water enters and moves more easily into larger pores; it takes less time for 
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the water to infiltrate into the soil. Therefore, the infiltration rate tends to be higher for coarse 

textured soils than for fine textured soils. 

 

Figure5. 6 Infiltration rate and soil texture 

2. The soil moisture content  

The water infiltrates faster (higher infiltration rate) when the soil is dry, than when it is wet (see fig5.7). 

As a consequence, when irrigation water is applied to a field, the water at first infiltrates easily, but as 

the soil becomes wet, the infiltration rate decreases. 
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Figure5.7. Infiltration rate and soil moisture content 

3. The soil structure  

Generally speaking, water infiltrates quickly (high infiltration rate) into granular soils but very slowly 

(low infiltration rate) into massive and compact soils. Because farmers can influence the soil structure 

(by means of cultivation practices), they can also change the infiltration rate of their soil. 

5.3 Soil moisture conditions  

5.3.1 Soil moisture content 

The soil moisture content indicates the amount of water present in the soil. It is commonly expressed 

as the amount of water (in mm of water depth) present in a depth of one meter of soil. For example, 

when an amount of water (in mm of water depth) of 150 mm is present in a depth of one meter of 

soil, the soil moisture content is 150 mm/m. The soil moisture content can also be expressed in 
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percent of volume. In the example above, 1m3 of soil (e.g. with a depth of 1 m, and a surface area of 

1m2) contains 0.150 m3 of water (e.g. with a depth of 150 mm = 0.150 m and a surface area of 1 m2). 

This results in soil moisture content in volume percent (FAO 1985): 

0.150
1

× 100% = 15% 

Thus, a moisture content of 100 mm/m corresponds to moisture content of 10 volume percent. The 

amount of water stored in the soil is not constant but may vary. 

5.3.2 Saturation 

During a rain shower or irrigation application, the soil pores will fill with water. If all soil pores are filled 

with water, the soil is saturated (FAO 1985). There is no air left in the soil. It is easy to determine in 

the field if a soil is saturated. If a handful of saturated soil is squeezed, some (muddy) water will run 

between the fingers. Plants need air and water in the soil. At saturation, no air is present and the plant 

will suffer. Many crops cannot withstand saturated soil conditions for a period of more than 2–5 days. 

Rice is one of the exceptions to this rule. The period of saturation of the topsoil usually does not last 

long. After the rain or the irrigation has stopped, part of the water present in the larger pores will 

move downward. This process is called drainage or percolation. The water drained from the pores is 

replaced by air. In coarse textured (sandy) soils, drainage is completed within a period of a few hours. 

In fine textured (clayey) soils, drainage may take some (2–3) days. 

5.3.3 Field capacity(FC) 

After the drainage has stopped, the large soil pores are filled with both air and water while the smaller 

pores are still full of water. At this stage, the soil is said to be at field capacity. At field capacity, the 

water and air contents of the soil are considered to be ideal for crop growth. 

5.3.4 Permanent wilting point(PWP) 

The water stored in the soil is slowly taken up by the plant roots or evaporated from the topsoil into 

the atmosphere. If no additional water is supplied to the soil, it gradually dries out. The dryer the soil 

becomes, the more tightly the remaining water is retained and the more difficult it is for the plant 

roots to extract it. At a certain stage, the uptake of water is not sufficient to meet the plant’s needs. 

The plant loses freshness and wilts and the leaves change color from green to yellow. Finally, the plant 

dies. The soil water content at the stage where the plants die is called permanent wilting point. The 

soil still contains some water, but it is too difficult for the roots to suck it from the soil (see fig5.8 C). 
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Source: FAO (1985). 
Figure5.8 Some soil moisture characteristics 

 

5.3.5 Available water content(AWC) 

Soil can be compared to a water reservoir for the plants. When the soil is saturated, the reservoir is 

full. However, some water drains rapidly below the root zone before the plant can use it (see Fig. 5.9a). 

When this water has drained away, the soil is at field capacity. The plant roots draw water, which 

remains in the reservoir (see Fig5.9b). When the soil reaches permanent wilting point, the remaining 

water is no longer available to the plant (see Fig5.9c).  
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Source: FAO (1985). Source: FAO (1985). 
Figure5.9a. Saturation                                              Figure5.9b. Field capacity 

 

Source: FAO (1985). 
Figure5.9c. Permanent wilting point   
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The amount of water actually available to the plant is the amount of water stored in the soil at field 

capacity minus the water that will remain in the soil at permanent wilting point(fig5.10). 

 

Source: FAO (1985). 
Figure5.10. The available soil moisture or water content 

 
=    −     

The available water content depends greatly on the soil texture and structure. A range of values for 

different types of soil is given in Table 5.3. 

Table5.3. Available water content in the soil  
Soil type Available water content in mm water depth per m soil depth (mm/m) 
Sand 25 to 100 
Loam 100 to 175 
Clay 175 to 250 

The field capacity, permanent wilting point (PWP) and available water content are called the soil 

moisture characteristics. They are constant for a given soil, but vary widely from one type of soil to 

another. 

5.3.6 Readily available water 

 Readily available water is that portion of the available water that is relatively easy for a plant to use. 

It is common to consider about 50% of the available water as readily available water.  Even though all 

of the available water can be used by the plant, the closer the soil is to the wilting point, the harder it 

is for the plant to use the water. Plant stress and yield loss are possible after the readily available 

water has been depleted.    
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5.4 Soil moisture determination  

Irrigation water management requires timely application of the right amount of water. Competition 

for water, high pumping costs, and concerns for the environment are making good water management 

more important. Managing irrigation water needs to combine a method of measuring soil moisture 

with some method of irrigation scheduling.   Measuring soil moisture detects if there is a water 

shortage that can reduce yields or if there is excessive water application that can result in water 

logging or leaching of nitrates below the root zone. Measuring soil moisture also can build an 

awareness and knowledge of each irrigated field that is invaluable for planning and management.   

Monitoring soil moisture levels is required for effective irrigation water management. It can be 

measured or estimated in a variety of ways ranging from the simple, low cost feel method to more 

accurate, expensive neutron probe units. Some of the soil moisture content measurement methods   

are illustrated below. 

1. 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. Table5 gives a description of “how the soil 

should feel” at certain soil moisture levels. 

  



 

 
 

 

Table5.4. Estimating soil moisture status by the touch-and-feel method.  

 

 Source: Walker (2003) 



 

 
 

2. Gravimetric/ 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. Moisture 

content is expressed as a percentage of the oven-dry weight of the soil:  

%  ℎ      ℎ  =
ℎ    ( ) − weight of dry soil (gm)

 ℎ     ( ) 
× 100 

3. Other methods  

Gypsum-block method, tensiometers, Neutron probe methods, etc, are some of the soil moisture 

content measurement methods which are not affordable and need high level of skill to use. 
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Chapter 6. Crop water and Irrigation Water Requirement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 Clearly understand the differences between crop water and irrigation water 
requirements; 

 Estimate the net irrigation water requirement;   
 Determine the gross irrigation water requirement; 

 Clearly understand what irrigation efficiency is; 

 Know the irrigation water requirement of major irrigated crops; 

Materials and data required: PPT slides, Flip chart papers, note books and pens, meteorology 

data, Kc and crop LGP at different stages, established irrigation efficiency data 

Methodology: the training methodology will be: 

 lectures on concepts, principles, practices and approaches of crop water and irrigation 

water requirement,    

 Demonstration of the theoretical concepts using facts and figures and exercises and 

discussion 

 Given the opportunity to apply the knowledge and skill they acquired from their work 

experience through assignments, group works and presentation 

Facilitator will ask participants to divide the whole session into equal number of participant to 

make a group; 

Each group will be asked to discuss on the differences between crop water and irrigation water 
requirements; 

After the discussion each group will come up with its group work report and present for the 

whole group. 

Q1. In your area, do irrigators apply irrigation water based on Soil types, Crop development 

stage, water holding capacity of the soil, etc?   

Q2. What is your understanding about soil moisture content, field capacity, permanent wilting 

point, available water?  
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6.1 Crop water requirement  

crop water requirements refer to the amount of water required to raise a successful crop with 

optimum yield in a given period or season. In another words crop water requirement is defined as 

“the depth of water needed to meet the water loss through evapotranspiration of a disease- free crop 

growing in large fields under no- restricted conditions including soil water and fertility and aimed at 

achieving full production potential of the crops under consideration. It comprises 

 the water lost as evaporation from the crop field, 

  water transpired and metabolically used by crop plants, 

  water lost during application which is economically unavoidable, but can be reduced to some 

extent and  

 the water used for special operations such as for land preparation and for leaching to bring 

the salinity level of the soil to salt tolerance level of the crop.   

crop water requirements are normally expressed by the rate of evapotranspiration (ET) in mm/day or 

mm/period and this may be formulated mathematically as: 

     = + + + + + = + + + = + +  

Where; =    
=   ℎ   
=    ; 
=      ℎ    

 =         ℎ   ℎ      
=         

  =     ( , ℎ , ; 
=    , + +  
=      ℎ  , +  

6.2 Irrigation water requirement 

It is important to make a distinction between crop water requirement (CWR) and irrigation 

requirement (IR). Crop water requirement is the amount of water required to compensate the 

evapotranspiration loss from the cropped field. Irrigation water requirement is the water that must 

be supplied through the irrigation system to ensure that the crop receives its full crop water 

requirement. If irrigation is the sole source of water supply for the plant, then the irrigation 

requirement will be at least equal to the crop water requirement, and is generally greater to allow for 

inefficiencies in the irrigation system. If the crop receives some of its water from other sources 

(rainfall, water stored in the soil, underground seepage, etc.), then the irrigation requirement can be 

considerably less than the crop water requirement.  
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 6.2.1 Importance of estimating irrigation requirements 

Estimating the crop water and irrigation requirements for a proposed cropping pattern is an essential 

part of the planning and design of an irrigation system. The irrigation requirement (IR) is one of the 

principal parameters for the planning, design and operation of irrigation and water resources systems. 

Detailed knowledge of the IR quantity and its temporal and spatial variability is essential for assessing 

the adequacy of water resources, for evaluating the need of storage reservoirs and for the determining 

the capacity of irrigation systems. It is a parameter of prime importance in formulating the policy for 

optimal allocation of water resources as well as in decision-making in the day-to-day operation and 

management of irrigation systems. Incorrect estimation of the IR may lead to serious failures in the 

system performance and to the waste of valuable water resources. It may result in inadequate control 

of the soil moisture regime in the root zone, it may cause waterlogging, salinity or leaching of nutrients 

from the soil. It may lead to the inappropriate capacities of the irrigation network or of storage 

reservoirs, to a low water use efficiency and to a reduction in the irrigated area. Overestimating IR at 

peak demand may also result in increased development costs. 

 

Figure6.1 Overview of the determination of the reference crop evapotranspiration (ETo), 
the crop water need (ET crop) and the irrigation water need 
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6.2.2 Net irrigation water requirement  

The net irrigation requirement (IRn) does not include losses that are occurring in the process of 

applying the water. IRn plus losses constitute the gross irrigation requirement (IRg). The net irrigation 

requirement is derived from the field balance equation: 

= − ( + + ) 

where: 

IRn = Net irrigation requirement (mm) 

ETc = Crop evapotranspiration (mm) 

Pe = Effective dependable rainfall (mm) 

Gw = Groundwater contribution from water table (mm) 

Ws = Water stored in the soil at the beginning of each period (mm) 

6.2.3 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. 

The most important efficiency terms in connection with irrigation are conveyance, Ec, distribution, Ed, 

application efficiencies, Ea and overall project efficiencies, Ep  

= × ×  

 ( ) =
water recieved at inlet to block of fields

water released from the head work
 

Distribution efficiency(Ed) =
water recieved at field inlet

water recieved at inlet to block of fields
 

Application efficiency(Ea) =      
    

  

Table6.1 Typical Efficiency values 
Description Losses in percent  
Conveyance efficiency (Ec) 65 - 90 
Field canal efficiency (Eb) 70 - 90 
Distribution efficiency (Ed = Ec.Eb) 30-65 
Application efficiency (Ea) 40 - 50 
Project efficiency (E) 30 - 40 

Losses 
• Seepage 
• Evaporation 
• Leakage 
• Runoff 
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6.2.4 Gross irrigation water requirement  

The gross irrigation requirements account for losses of water incurred during conveyance and 

application to the field. This is expressed in terms of efficiencies when calculating project gross 

irrigation requirements from net irrigation requirements, as shown below: 

=  

Where: 
IRg = Gross irrigation requirements (mm) 
IRn = Net irrigation requirements (mm) 
EP = Overall project efficiency 

 

6.3 Irrigation water requirement of major irrigated crops  

 Sufficient water must be present in the root zone for germination, evapotranspiration, nutrient 

absorption by roots, root growth, and soil microbiological and chemical processes that aid in the 

decomposition of organic matter and the mineralization of nutrients Irrigation is important to supply 

the essential moisture for plant growth, which includes the transport of essential nutrients; and to 

leach or dilute salts in the soil.  Irrigation provides a number of side benefits, such as cooling the soil 

and the atmosphere to create a more favorable environment for plant growth.  Irrigation supplements 

the supply of water received from precipitation and other types of atmospheric water, floodwaters, 

and groundwater. 

Table6.2 lengths of growing period and their water requirement of main irrigated crops 

Crops  LGP Water  requirements 
mm/LGP 

Banana  300-365 1200-2200 
Papaya  300-365 600-900 
Cabbage 100-150 380-500 
Citrus  240-365 900-1200 
Maize  100-140 500-800 
Onion  100-140 350-550 
Pepper  120-150 600-900 
Potato  100-150 500-700 
Tomato  90-140 400-600 
Avocado   650-1000 
Orange   600-950 
Vegetables   250-500 
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Estimation of IWR for Multiple Crops  
 
The following step should be used to estimate IWRs for multiple cropping programmes. 

 

1. Select the crops to be planted on a particular season taking into farmers’ preferences, 

account climate, soil property, diseases, harvesting time and marketing as well as labour 

requirements. 

2. Determine proportion of area to be covered by each crop 

3. Determine planting dates for each crop and draw a chart showing the LGPs of each crop 

including area proportions (Ap) 

4. Determine the four growth periods of each crop 

5. Estimate ETo and effective rainfall (Pe) for the months in the planting season (mm) 

6. Select Kc values for each crop  

7. Estimate ETc for each crop by multiplying ETo by Kc (mm) 

a) Calculate weighted Kc of all the crops by multiplying Kcs and Ap and then 

multiply weighted Kc by ETo  

b) Multiply ETo by Kcs of each crop but do not add the ETcs of all crops 

8. Estimate NIR (mm) by subtracting the Pe from ETcs for the corresponding periods 

(months) 

9. Determine the GIR by applying appropriate irrigation efficiency 

10. Convert the GIR (mm) into flow rate (l/s) 

11. Compare the estimated flows with available supply 

12. Revise the cropping patter, cropping calendar or area proportions if available water supply 

is less than the irrigation water requirement. 
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Table 1: Irrigation Water Requirements for Multiple Crops 
Project: Woreda:  Region: 
Meteorological Station:     Altitude: Lat:  Long: 
Crop Description Area 

ratio 
pi (%) 

  Crop Coefficients (Kcs) 
No. Crop P1 P2 P3 P4 P5 P6 P7 P8 P9 P10  Total 

a) Crop Coefficients (kci)              
a Crop-1              
b Crop-2              
c Crop-3              
f Weighted mean kc = (pi/100 x kci)              
g No. of crop days in the month              

b) Irrigation Water Requirement              
1 ETo, mm              
2 ETc, mm= (f) x (1)              
3 Pre-irrigation (mm)              
4 CWR, mm = (2)+(3)              
5 Average  rainfall, P (mm)              
6 Effective rainfall, Pe (mm)              
7 NIR =(4)-(6)              
8 GIR  = NIR/E (mm)              
9 (L/s/ha) = (8)/( days x hrs/day x 

3600)  
  

         
 

 
c)  Available Water (L/s)               
10 Area to be irrigated (ha (c)/ (9)              

 with 24 hrs irrigation/day              
 with t-hrs irrigation/day              

NB: The area to be irrigated is the lowest figure in the last two rows 
 
Area to be irrigated (ha) = A24 x t hrs/24 hrs. (A24 is area to be irrigated in 24 hrs) 
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IWR for Multiple Crops 
 

 
 
 
Irrigation Efficiency =40% 
 
Determination of irrigation depth for the crop 
Determining effective crop-rooting depth 
You will need to examine soil moisture content carefully to the effective crop-rooting depth.  
Determining soil water-holding capacity 
Total water-holding capacity to the effective rooting depth can be calculated by summing the 
water-holding capacities of each soil layer in the profile. 
Determining available soil water 
Available water can be determined with the “feel and appearance” method. This method 
estimates the water deficit in the soil based on how a soil sample ribbons, forms a ball, or 
rolls between the fingers. Since water use occurs more rapidly from soil depths closer to the 
surface than from greater depths, and irrigation practices vary from producer to producer, an 
auger or soil sampling probe will be required to adequately assess soil moisture conditions. 
 
Allowable soil moisture depletion 

The percentage of available soil water at field capacity that the crop can use without causing 
yield or quality loss is called the management allowable depletion (MAD). The MAD in cereal 
grains will vary with stage of development. 

Determining water requirements and final irrigation 

The water requirement to complete development of hard red spring wheat can be calculated 
at any stage of development, but recognizing the correct stage of crop development is 
essential (figure 1). To do so, examine kernel development carefully, selecting heads from 
various parts of the field. 
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Definitions of terms 
Allowable soil moisture depletion— Depth of water that a crop can remove without loss to 
yield or quality: total water holding capacity x MAD 
Available water—Water held in the soil between the existing soil-moisture content and the 
wilting point. 
Field capacity—the maximum amount of water that can be held by soil against gravity. Field 
capacity varies with soil texture. 
Management allowable depletion (MAD)—The percentage of available water at field 
capacity that can be used by the crop at a particular stage of development without loss of 
yield or quality due to moisture stress. 
Minimum available water—Minimum depth of water, in inches, that should remain in soil to 
avoid loss to yield or quality. If plants are allowed to utilize this minimum available water, a 
reduction in yield and quality will result because more energy is required to extract the water 
from the soil. 
Soil moisture deficiency—The difference between field capacity and the current moisture 
level in the soil. The value is expressed as a percentage of total water holding capacity. 
Total water-holding capacity—The depth of water a soil at field capacity can hold in the root 
zone against gravity and be available to the crop: the difference between field capacity and 
wilting point. 
Step 1. Identification of crop development stages and its duration 

Step 2. Identification of soil type and its texture 

Step 3. Determine Total water holding capacity of soil in the effective root zone 

Step 4. Management allowable depletion                                          

Step 5. Allowable soil moisture depletion (step 1 * step 2) 

Step 6. Minimum available water (step 1 – step 3) 

Step 7. Available water (determine using feel and appearance method or appropriate field              
instrumentation) 

Step 8.  Water available to crop without loss to yield or quality (step 5 – step 4)               

Step 9. Estimated water-use from current crop development stage                                                  

Step 10.  If Line 6 is greater than Line 7, adequate water is available to complete development. 
If Line 6 is less than Line 7, an irrigation application is advisable. Proceed to Line 9. 

Step 11.  Determine Net irrigation requirement (step 7- step 6)                                                          

Step 12.  Determine Application irrigation efficiency                                                                                  

Step 13. Determine Actual amount of water to apply (step 9 / step 10)            
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Chapter 7. Methods of irrigation  

 

 

  

Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 Clearly understand the different irrigation methods, i.e.  surface irrigation (furrow, 

border and basin), drip irrigation and sprinkler irrigation 

 Identify the factors that determine choice of irrigation methods;   

 Choose appropriate irrigation methods for different irrigated crops; 

 Materials required: PPT slides, Flip chart papers, note books and pens,  
Methodology: the training methodology will be:  

 lectures on concepts, principles, practices and approaches of method of irrigation, 

  Demonstration of the theoretical concepts using facts and figures and exercises and 

discussion and field observation 

 Given the opportunity to apply the knowledge and skill they acquired from their work 

experience through assignments, group works and presentation 

Facilitator will ask participants to divide the whole session into equal number of participant to 

make a group; 

Each group will be asked to discuss on the advantages and disadvantages of using   different 
irrigation methods; 

After the discussion each group will come up with its group work report and present for the 

whole group. 

Q1. In your area, which irrigation method is used by most farmers? Why?   

Q2. Identify the practical problems in the use of the different irrigation methods and suggest 

possible solutions  
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7.1 Introduction  

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

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

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

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

maximum quantity required and ensured water losses to the minimum and sustain crop production 

with the desired quality of produce (Hussein and Ermias, 2011). 

7.2 Overview of irrigation methods    

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

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

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

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

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

7.2.1 surface irrigation methods  

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

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

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

definition of terminology exists. 

The irrigation system as a whole consists of four subsystems, as illustrated in Fig7.1. These are: (1) the 

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

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

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

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

shown in fig7.1. 
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Source: Walker (2003) 

Figure7.1 Typical elements of a surface irrigation system 

 
1. Basin irrigation 

Basin irrigation has been the irrigation of small irregular or square areas having completely level 

surfaces and enclosed by dikes to prevent runoff. Two typical examples are shown in Fig7.2. To 

segregate basins from level borders, the basin system will be applied primarily to level areas having 

complete perimeter dikes to prevent runoff. Water is added to the basin through a gap in the 

perimeter dike or adjacent ditch. It is important for the water to cover the basin quickly and be shut 

off when the correct volume has been supplied.  

If the basins are small or if the discharge rate available is relatively large, there are few soils not 

amenable to basin irrigation. Generally, basin irrigation is favored by moderate to slow intake soils 

and deep-rooted, closely spaced crops. Crops which do not tolerate flooding and soils subject to 
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crusting are not suitable for basin systems. Basin irrigation is commonly used for rice grown on flat 

lands or in terraces on hillsides. Trees can also be grown in basins, where one tree is usually located 

in the middle of a small basin.  

Basin irrigation has a number of limitations that are recognized by irrigators. 

o Accurate land leveling is prerequisite to high uniformities and efficiencies, but this is difficult 

to accomplish in small areas.  

o The perimeter dikes must be well maintained to eliminate breaching and waste.  

o It is difficult and often infeasible to incorporate the use of modem farm machinery in small 

basins, thereby limiting small-scale basin irrigation to hand and animal powered cultivation.  

 

 

 Source: Walker (2003) 
Figure7.2 Typical basin irrigation systems 
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2. Border Irrigation 

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

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

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

guided by the bunds on either side. 

 

Figure7.3 Examples of border irrigation systems. (a) Typical graded border irrigation 
system. (b) Typical level border irrigation system. (c) Typical contour levee or border 
irrigation system. 

 When to Use Border Irrigation 

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

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

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

involving hand labour or animal-powered cultivation methods. 

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

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



 

45 
 

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. Table7.1 provides a guideline to determine 

maximum border dimensions. It must, however, be stressed that this table is for general guidance only 

as the values are based on field experience and not on any scientific relationships. 

Table7.1 suggested maximum border lengths and widths 

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

 Irrigating Borders 

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

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

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

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

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

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

the inflow to the border can be stopped as follows: 

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

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

water front reaches the stick, the inflow is stopped. 

 On loamy soils it is stopped when 70 to 80% of the border is covered with water. 
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 On sandy soils the irrigation water must cover the entire border before the flow is stopped. 

However, these are only guidelines. Realistic rules can only be established locally when testing the 

system. 

 Wetting patterns 

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

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

problems which result in poor water distribution. These include: 

A. Poor land grading 

If the land is not graded properly and there is a cross-slope, the irrigation water will not spread evenly 

over the field. It will flow down the slope always seeking the lowest side of the border (Figure8.4). This 

can be corrected by regarding the border to eliminate the cross-slope or by constructing guide bunds 

in the border to prevent the cross flow of water 

 

Figure7.4 Effect of a cross-slope on the water movement in a border 

B. Wrong stream size 

A stream size which is too small will result in deep percolation losses near the field channel (Fig.7.5), 

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

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

to fill the root zone (Fig.7.6). In this situation the flow will need to be left running until the root zone 

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

sizes may also cause soil erosion. 
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Figure7.5. Stream size too small 

 

Figure 7.6 Stream size too large 

C. Inflow stopped at the wrong time 

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

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

the drainage system. 

 Maintenance of Borders 

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

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

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

further damage is prevented. 

3. 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 (Fig7.7). This method is suitable for all row crops and for crops that cannot stand in water 

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

of the channel, or by means of siphons or spills 
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Figure7.7 Examples of furrow irrigation systems. (a) Graded or level-furrow irrigation 
system. (b) Contour furrow irrigation system. (c) Corrugated form of a furrow irrigation 
system 

 When to use furrow irrigation 

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

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

crown, should be irrigated by furrows. 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. 

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. 

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. 
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 Furrow length 
 

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

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

 Slope 

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. On steep land, 

terraces can also be constructed and furrows cultivated along the terraces. 

 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 soils than on sandy soils. 

 Stream size 

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

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

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

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

 Irrigation depth 

Applying larger irrigation depths 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 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 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 (Figure7.8). Equally the length of field 
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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. 

 

 

Source: Brouwer, Prins and others (1985 to 1990). 
Figure7.8 Field length and furrow length 

 
Table7.2 gives some practical values of maximum furrow lengths under small-scale irrigation 

conditions. The values shown in Table7.2 are lower than those generally given in irrigation handbooks. 

These higher values are appropriate under larger scale, fully mechanized conditions. 
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Table7.2. Practical values of maximum furrow lengths (m) depending on slope, soil type, stream size and net Irrigation 
depth 

 

 

 Furrow shape 

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

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

are desirable to reduce the soil area through which water percolates (Figure7.9). 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 (Figure7.10) to 

encourage infiltration. 

 

Figure7.9 A deep, narrow furrow on a sandy soil 

 

 

Figure7.10 A wide, shallow furrow on a clay soil 
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 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 (Figure7.11). 

 

Figure7.11 A double-ridged furrow 

 Cultivation practice 

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

spacings 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 spacings provide adequate lateral wetting on all soil types 

 Irrigating furrows  

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

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

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

can be a problem on sloping land. This can be as much as 30% of the inflow, even under good 

conditions. Therefore, a shallow drain should always be made at the end of the field to remove excess 

water. When no drain is made, plants may be damaged by waterlogging. Light vegetation allowed to 

grow in the drain can prevent erosion. Excessive runoff can be prevented by reducing the inflow once 

the irrigation water has reached the end of the furrows. This is called cut-back irrigation. It may also 

be possible to reuse runoff water further down the farm.  
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 Wetting patterns 

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

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

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

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

can be seen in figure7.12 (a, b, c). 
 

 
 
 
 
 

 Ideal wetting pattern 
In an ideal situation adjacent wetting patterns overlap, each other, and there is an upward movement 
of water (capillary rise) that wets the entire ridge (figure8.13), thus supplying the root zone with water. 

 

Figure7.13 Ideal wetting pattern 

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

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

large percolation losses at the head of the furrow can be avoided. The quarter time rule is used to 

Figure7.12b Different 
wetting patterns in 
furrows, depending on 
the soil type (loam) 

Figure7.12a. Different 
wetting patterns in 
furrows, depending on 
the soil type (sand). 

Figure7.12c. Different 
wetting patterns in 
furrows, depending 
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determine the time required for water to travel from the farm channel to the end of the furrow, in 

order to minimize percolation losses.  

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

examples will be mentioned. 

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

damage as a result of waterlogging(fig.7.14) 

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

water(fig.7.15). 

 As salts tend to accumulate in the highest point, a crop on saline soils should be planted away 

from the top of the ridge(fig.7.16). Usually it is planted in two rows at the sides. However, it 

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

 

Figure7.14 Protection against waterlogging 

 

Figure7.15 Protection against water scarcity 

 

Figure7.16 Protection against accumulation of salt 

 Maintenance of Furrows 

After construction the furrow system should be maintained regularly; during irrigation it should be 

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

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

should be kept free from weeds. 
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7.2.2 Drip irrigation  

Drip irrigation systems are a form of pressurized system in which water is applied in small, controlled 

quantities near or below ground level. 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 

 Drip irrigation system is most commonly used for production of vegetables and perennial crops, 

although some limited commercial applications are occurring with certain row and field crops.  

Field application efficiency of 95 percent or greater can be achieved under drip irrigation systems, 

although proper design is required to avoid moisture stress and soil-salinity accumulation. High capital 

costs and short lifespan of components characterize most drip irrigation systems. Filtration of the 

water supply and careful system maintenance may be required to prevent clogging of small orifices. 

Advances in drip irrigation technology focus on field depth and spacing of tubing, emitter spacing, 

durability of materials, and reduced costs. 

7.2.3 Sprinkler irrigation 

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 has been adopted in many areas as a water-conserving alternative to gravity-flow 

systems. Field application efficiencies typically range from 60 to 85 percent under proper 

management. Sprinklers may be operated on moderately sloping or rolling terrain unsuited to gravity 

systems, and are well suited to coarser soils with higher water infiltration rates. 

When the irrigation systems are compared in moisture utilization, relative moisture varies the most in 

furrow irrigation and the least in drip irrigation systems(Fig7.17). 
 

 

 Figure7.17. moisture comparison between irrigation systems 
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7.3 Factors considered for irrigation method selection 

There are a large number of considerations which must be taken into account in the selection of an 

irrigation method. These factors will vary in importance from location to location and crop to crop. 

Briefly stated, these considerations include the compatibility of the system with other agricultural 

operations, economic factors, topographic limitations, soil properties, and several agronomic and 

external influences. 

1. Compatibility  

The irrigation method for a field or a farm must be compatible with the other existing farm 

operations, such as land preparation, cultivation, and harvesting practices. For instance, the use of 

the more efficient, large machinery requires longer and wider fields and even perhaps removable 

irrigation systems. 

2. Economics and cost of the irrigation method 

The type of irrigation system selected is an important economic decision. Some types of pressurized 

systems have high capital and operating costs but may utilize minimal labor and conserve water. Their 

use tends toward high value cropping patterns. Other systems are relatively less expensive to 

construct and operate but have high labor requirements. Some systems are limited by the type of soil 

or the topography found on a field. The costs of maintenance and expected life of the rehabilitation 

along with an array of annual costs like energy, water, depreciation, land preparation, maintenance, 

labor and taxes should be included in the selection of an irrigation system. 

3. Topographical characteristics of area 

Restrictions on irrigation method selection due to topography include the shape of the field, and the 

field slope (which can vary dramatically over a field). Field surface conditions such as relative 

roughness and gullies should also be considered. The slope of the land is very important. Some types 

of sprinklers can operate on slopes up to 20% or more, but furrow or graded border irrigation is usually 

limited to a maximum slope of around 2 to 6%. Drip/Trickle irrigation can be used on slopes up to 60%. 

The shape of a field also determines the type of the irrigation method. For instance, level borders, 

furrows, hand-move or solid-set sprinklers, contour ditch, or trickle irrigation systems can be adjusted 

to fit almost any field shape; whereas a center-pivot sprinkler must have approximately square-shaped 

fields. For a side roll sprinkler, level furrow, graded border, or contour furrow, the field should be 

approximately rectangular in shape. 
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4. Soil Characteristics  

The soil type, soil moisture-holding capacity, the intake rate, and effective soil depth are also criteria 

which enter into the type of system selected. For example, sandy soils have a high intake rate and will 

accept high-volume sprinklers which would be unacceptable on a tight clay soil. 

The moisture-holding capacity will influence the size of the irrigation sets and frequency of irrigations, 

as evidenced by a sandy soil with low moisture-holding capacity, which requires frequent, light 

applications of water. A center-pivot or side roll sprinkler or even a trickle irrigation system would 

perform satisfactorily in this case. 

5. Water Supply  

The quality, quantity, and temporal distribution characteristics of the source of irrigation water have 

a significant impact on the irrigation practice. Crop water demands are essentially continuous during 

the growing season, although varied in magnitude. A small, readily available water supply is best 

utilized in a small capacity irrigation system which incorporates frequent applications. The depths 

applied per irrigation are therefore small in comparison to systems having a large discharge available 

less frequently.  

The quality of water in conjunction with the frequency of irrigations must be evaluated. Salinity is 

generally the most significant problem, although other elements, such as boron, can be important. A 

highly saline water supply must be applied more frequently and in larger amounts than good-quality 

water. 

6. Crops to be irrigated   

The yields of many crops may be as much affected by how water is applied as the quantity delivered. 

Irrigation methods create different environmental conditions such as humidity, temperature, and soil 

aeration. They affect the plant differently by wetting different parts of the plant thereby introducing 

various undesirable consequences like leaf burn, fruit spotting and deformation, crown rot, etc. Rice, 

on the other hand, thrives under ponded conditions. Crop characteristics that influence the choice of 

irrigation method are: 

 The tolerance of the crop during germination, development and maturation to soil salinity, 

aeration, and various substances, such as boron,  

 The magnitude and temporal distribution of water needs for maximum production  

 The economic value of the crop 

7. Social influences on the selection of irrigation method 

Beyond the confines of the individual field, irrigation is a community enterprise. Individuals, groups of 

individuals, and often the state must join together to construct, operate and maintain the irrigation 

system as a whole. Within a typical irrigation system there are three levels of community organization. 
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 There is the individual or small informal group of individuals participating in the system at the 

field and tertiary level of conveyance and distribution.  

 There are the farmer collectives which form in structures as simple as informal organizations or 

as complex as irrigation IWUA. These assume, in addition to operation and maintenance, 

responsibility for allocation and conflict resolution. 

  And then there is the state organization responsible for the water distribution and use at the 

project level. 

Irrigation often means a technological intervention in the agricultural system even if irrigation has 

been practiced locally for generations. New technologies mean new operation and maintenance 

practices. If the community is not sufficiently adaptable to change, some irrigation systems will not 

succeed. 

8. External influences 

Conditions outside the sphere of agriculture affect and even dictate the type of irrigation method 

selected. For example, national policies regarding foreign exchange, strengthening specific sectors of 

the local economy, or sufficiency in particular industries may lead to specific irrigation systems being 

utilized. Key components in the manufacture or importation of system elements may not be available 

or cannot be efficiently serviced. Since many irrigation projects are financed by outside donors and 

lenders, specific system configurations may be precluded because of international policies and 

attitudes. 

7.4 Choosing appropriate irrigation methods   

To choose an irrigation method, the farmer must know the advantages and disadvantages of the 

various methods. He or she must know which method suits the local conditions best. Unfortunately, 

in many cases there is no single best solution: all methods have their advantages and disadvantages. 

Testing of the various methods - under the prevailing local conditions - provides the best basis for a 

sound choice of irrigation method.  

 Surface, Sprinkler or Drip Irrigation 

The suitability of the various irrigation methods, i.e. surface, sprinkler or drip irrigation, depends 

mainly on the following factors: 

1. Natural conditions 

The natural conditions such as soil type, slope, climate, water quality and availability, have the 

following impact on the choice of an irrigation method: 

Soil types: Sandy soils have a low water storage capacity and a high infiltration rate. They therefore 

need frequent but small irrigation applications, in particular when the sandy soil is also shallow. Under 
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these circumstances, sprinkler or drip irrigation are more suitable than surface irrigation. On loam or 

clay soils all three irrigation methods can be used, but surface irrigation is more commonly found. Clay 

soils with low infiltration rates are ideally suited to surface irrigation. When a variety of different soil 

types is found within one irrigation scheme, sprinkler or drip irrigation are recommended as they will 

ensure a more even water distribution. 

Slope: Sprinkler or drip irrigation are preferred above surface irrigation on steeper or unevenly sloping lands as 

they require little or no land levelling. An exception is rice grown on terraces on sloping lands. 

Climate: Strong wind can disturb the spraying of water from sprinklers. Under very windy conditions, drip or 

surface irrigation methods are preferred. In areas of supplementary irrigation, sprinkler or drip irrigation may 

be more suitable than surface irrigation because of their flexibility and adaptability to varying irrigation demands 

on the farm. 

Water availability: Water application efficiency is generally higher with sprinkler and drip irrigation than 

surface irrigation and so these methods are preferred when water is in short supply. However, it must be 

remembered that efficiency is just as much a function of the irrigator as the method used. 

Water quality: Surface irrigation is preferred if the irrigation water contains much sediment. The sediments 

may clog the drip or sprinkler irrigation systems. If the irrigation water contains dissolved salts, drip irrigation is 

particularly suitable, as less water is applied to the soil than with surface methods. Sprinkler systems are more 

efficient that surface irrigation methods in leaching out salts 

2. Type of crop 

Surface irrigation can be used for all types of crops. Sprinkler and drip irrigation, because of their high 

capital investment per hectare, are mostly used for high value cash crops, such as vegetables and fruit 

trees. They are seldom used for the lower value staple crops. Drip irrigation is suited to irrigating 

individual plants or trees or row crops such as vegetables and sugarcane. It is not suitable for close 

growing crops (e.g. rice). 

3. Type of technology 

The type of technology affects the choice of irrigation method. In general, drip and sprinkler irrigation 

are technically more complicated methods. The purchase of equipment requires high capital 

investment per hectare. To maintain the equipment a high level of 'know-how' has to be available, 

Also, a regular supply of fuel and spare parts must be maintained which - together with the purchase 

of equipment - may require foreign currency. 

Surface irrigation systems - in particular small-scale schemes - usually require less sophisticated 

equipment for both construction and maintenance (unless pumps are used). The equipment needed 

is often easier to maintain and less dependent on the availability of foreign currency. 
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4. Previous experience with irrigation 

The choice of an irrigation method also depends on the irrigation tradition within the region or 

country. Introducing a previously unknown method may lead to unexpected complications. It is not 

certain that the farmers will accept the new method. The servicing of the equipment may be 

problematic and the costs may be high compared to the benefits. Often it will be easier to improve 

the traditional irrigation method than to introduce a totally new method. 

5. Required labour inputs 

Surface irrigation often requires a much higher labour input for construction, operation and 

maintenance than sprinkler or drip irrigation. Surface irrigation requires accurate land levelling, 

regular maintenance and a high level of farmers' organization to operate the system. Sprinkler and 

drip irrigation require little land levelling; system operation and maintenance are less labour-intensive. 

6. Costs and benefits 

Before choosing an irrigation method, an estimate must be made of the costs and benefits of the 

available options. On the cost side not only the construction and installation, but also the operation 

and maintenance (per hectare) should be taken into account. These costs should then be compared 

with the expected benefits (yields). It is obvious that farmers will only be interested in implementing 

a certain method if they consider this economically attractive. Cost/benefit analysis is, however, 

beyond the scope of this manual. 

 Basin, Furrow or Border Irrigation 

This section discusses some of the important factors which should be taken into account when 

determining which surface irrigation method is most suitable: basin, furrow or border irrigation. Again, 

it is not possible to give specific guidelines leading to a single best solution; each option has its 

advantages and disadvantages. Factors to be taken into account include: 

I. Natural circumstances 

Flat lands, with a slope of 0.1% or less, are best suited for basin irrigation: little land levelling will be 

required. If the slope is more than 1%, terraces can be constructed. However, the amount of land 

levelling can be considerable. 

Furrow irrigation can be used on flat land (short, near horizontal furrows), and on mildly sloping land 

with a slope of maximum 0.5%. On steeper sloping land, contour furrows can be used up to a 

maximum land slope of 3%. A minimum slope of 0.05% is recommended to assist drainage. 

Border irrigation can be used on sloping land up to 2% on sandy soil and 5% on clay soil. A minimum 

slope of 0.05% is recommended to ensure adequate drainage. 

Surface irrigation may be difficult to use on irregular slopes as considerable land levelling may be 

required to achieve the required land gradients. 



 

61 
 

All soil types, except coarse sand with an infiltration rate of more than 30 mm/hour, can be used for 

surface irrigation. If the infiltration rate is higher than 30 mm/hour, sprinkler or drip irrigation should 

be used. 

II. Type of crop 

Paddy rice is always grown in basins. Many other crops can also be grown in basins: e.g. maize, 

sorghum, trees, etc. Those crops that cannot stand a very wet soil for more than 12-24 hours should 

not be grown in basins.   

 Furrow irrigation is best used for irrigating row crops such as maize, vegetables and trees. 

 Border irrigation is particularly suitable for close growing crops such as alfalfa, but border 

irrigation can also be used for row crops and trees. 

III. Required depth of irrigation application 

When the irrigation schedule has been determined it is known how much water (in mm) has to be 

given per irrigation application. It must be checked that this amount can indeed be given, with the 

irrigation method under consideration. 

Field experience has shown that most water can be applied per irrigation application when using basin 

irrigation, less with border irrigation and least with furrow irrigation. In practice, in small-scale 

irrigation projects, usually 40-70 mm of water are applied in basin irrigation, 30-60 mm in border 

irrigation and 20-50 mm in furrow irrigation. (In large-scale irrigation projects, the amounts of water 

applied may be much higher.) 

This means that if only little water is to be applied per application, e.g. on sandy soils and a shallow 

rooting crop, furrow irrigation would be most appropriate. (However, none of the surface irrigation 

methods can be used if the sand is very coarse, i.e. if the infiltration rate is more than 30 mm/hour.) 

If, on the other hand, a large amount of irrigation water is to be applied per application, e.g. on a clay 

soil and with a deep rooting crop, border or basin irrigation would be more appropriate. 

The above considerations have been summarized in Table 5. The net irrigation application values used 

are only a rough guide. They result from a combination of soil type and rooting depth. For example: if 

the soil is sandy and the rooting depth of the crop is medium, it is estimated that the net depth of 

each irrigation application will be in the order of 35 mm. The last column indicates which irrigation 

method is most suitable. In this case medium furrows or short borders. 

The sizes of the furrows, borders and basins have been discussed in the previous chapters. The 

approximate rooting depths of the most Important field crops are given in Volume 4. 

IV. Level of technology 

Basin irrigation is the simplest of the surface irrigation methods. Especially if the basins are small, they 

can be constructed by hand or animal traction. Their operation and maintenance is simple. 
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Furrow irrigation - with the possible exception of short, level furrows -requires accurate field grading. 
This is often done by machines. The maintenance - ploughing and furrowing - is also often done by 
machines. This requires skill, organization and frequently the use of foreign currency for fuel, 
equipment and spare parts. 
Table7.3 Selection of an irrigation method based on the depth of the net irrigation application 

Soil type Rooting depth of 
the crop 

Net irrigation depth per 
application (mm) 

Irrigation method 

Sand shallow 20-30 short furrows 
medium 30-40 medium furrows, short borders 
deep 40-50 long furrows, medium borders, small basins 

Loam  shallow 30-40 medium furrows, short borders 
medium 40-50 long furrows, medium borders, small basins 
deep 50-60 long borders, medium basins 

Clay  shallow 40-50 long furrows, medium borders, small basins 
medium 50-60 long borders, medium basins 
deep 60-70 large basins 

 

Short, level furrows - also called furrow basins - can, like basins, be constructed and maintained by 

hand. 

Borders require the highest level of sophistication. They are constructed and maintained by machines. 

The grading needs to be accurate. Machine operation requires a high level of skill, organization and 

usually foreign currency. 

V. Previous experience with irrigation 

If there is no tradition in irrigation, the simplest irrigation method to introduce is basin irrigation. The 

smaller the basins, the easier their construction, operation and maintenance. 

If irrigation is used traditionally, it is usually simpler to improve the traditional irrigation method than 

it is to introduce a previously unknown method. 

VI. Required labour inputs 

The required labour inputs for construction and maintenance depend heavily on the extent to which 

machinery is used. In general, it can be stated that to operate the system, basin irrigation requires the 

least labour and the least skill. For the operation of furrow and border irrigation systems more labour 

is required combined with more skill. 

  



 

63 
 

Chapter 8. Irrigation Scheduling  

 

  
Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 Clearly understand what irrigation scheduling means; 

 Clearly know the factors affecting proper irrigation scheduling;   

 Understand how irrigation scheduling method are determined; 

 
Materials and data required: PPT slides, Flip chart papers, note books and pens, Annual rainfall,   

Methodology: the training methodology will be 

 lectures on concepts, principles, practices and approaches of irrigation scheduling, 

  Demonstration of the theoretical concepts using facts and figures and exercises and 

discussion and field observation 

 Given the opportunity to apply the knowledge and skill they acquired from their work 

experience through assignments, group works and presentation 

Facilitator will ask participants to divide the whole session into equal number of participant to 

make a group; each group will be asked to discuss on factors affecting proper irrigation 

scheduling; 

After the discussion each group will come up with group work report and present for the whole 

group. 

Q1. Do you feel the soil moisture content of an irrigation field with your hand before and after 

irrigation?  If so, list out your hand feeling. 

Q2. Do you observe plant symptoms at critical moisture deficit period?  

Q3. How do you estimate the amount of water added to irrigate your field per irrigation 

scheduling? 

Q4. Which Crops is most sensitive to water shortages? and Which growth stages are sensitive 

to water shortages? 

Q5. Do you know any practical way of determination of the irrigation schedule for crops?  
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8.1 Introduction  

Irrigation scheduling involves deciding when and how much water to apply to a field. Good scheduling 

will apply water at the right time and in the right quantity in order to optimise production and 

minimise adverse environmental impacts. Bad scheduling will mean that either not enough water is 

applied or it is not applied at the right time, resulting in under-watering, or too much is applied or it is 

applied too soon resulting in over-watering. Under or overwatering can lead to reduced yields, lower 

quality and inefficient use of nutrients. 

8.2 Concepts of irrigation scheduling   

Irrigation scheduling is the process of determining when to irrigate and how much irrigation water to 

apply. 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. The irrigation water will be stored in the root zone 

and gradually be used by the plants. The irrigation interval has to be chosen in such a way that the 

crop will not suffer from water shortage. Different approaches can be used for scheduling irrigation 

water application. The maximum depth which can be given has to be determined and may be 

influenced by the soil type and the root zone depth. 

The soil type influences the maximum amount of water which can be stored in the soil per meter 

depth of the soil.  Sand can store only a little water or, in other words, sand has low available water 

content. On sandy soils it will thus be necessary to irrigate frequently with a small amount of water. 

Clay has high available water content. Thus on clayey soils, larger amounts can be given, less 

frequently. The root depth of a crop also influences the maximum amount of water which can be 

stored in the root zone. If the root system of a crop is shallow, little water can be stored in the root 

zone and frequent - but small - irrigation applications are needed. This is the case for most vegetable 

crops except pepper and tomato. With deep rooting crops more water can be taken up and more 

water can be applied, less frequently. Young plants have shallow roots compared to fully grown plants. 

Thus, just after planting or sowing, the crop needs smaller and more frequent water applications than 

when it is fully developed. 

The distribution of plant roots and their pattern of development during the growing season are very 

important considerations in deciding where and at what depth to take soil samples to determine soil 

water content. For example, all plants have very shallow roots early in their development, and the 

concentration of moisture-absorbing roots of most plants is usually greatest in the upper quarter of 

the root zone. Further, since roots will not grow into a dry soil, it may be important to measure soil 

moisture beyond the current root zone to determine irrigation needs associated with full root 
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development. Figure8.1 illustrates the typical water extraction pattern in a uniform soil, again pointing 

out the need to relate soil sampling decisions to crop development. 

 

Figure8.1 Typical water extraction pattern in uniform soil profile  

 

8.3 Factors Affecting Irrigation Scheduling 

Irrigation scheduling is one of the factors that influence the agronomic and economic viability of small 

farms. Therefore, following proper irrigation scheduling technique is important for both water savings 

and improved crop yields. The irrigation water is applied to the cultivated field according to 

predetermined schedules based upon the monitoring of the soil water status and the crop water need 

at different growth stages. 

Factors such as:  

 Irrigation method,  

 slope, type of soil and topography, 

  crop type and tillage practices,  

 flow rates, irrigation timing and duration and 

  availability of irrigation water 

 need to be considered for modification of on- farm irrigation water management.  

 The soil type and its depth and 

  climatic conditions such as temperature, wind, humidity, and rainfall 

 have a significant effect on the main practical aspects of irrigation, which are the determining factors 

to estimate how much water should be applied and when it should be applied to a given crop. 

Effective irrigation scheduling requires knowledge of:  
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 Soil water-holding capacity,  

 current available soil moisture content,  

 crop water use or evapotranspiration (ET),  

 crop sensitivity to moisture stress at critical crop growth stages,  

 availability of irrigation water supply and effective rainfall during the growing period and  

 length of time to irrigate particular field.  

The very basic questions that should be raised and decided upon are therefore: do I need to irrigate 

the crop or when to irrigate the crop? And how much water should I apply? If these questions are 

answered properly, irrigation management will be easy thereafter. Therefore, proper irrigation 

scheduling based on timely measurement or estimation of soil moisture content and crop water 

needs, is one of the most important irrigation water management practices. Details of the factors 

influencing irrigation scheduling are discussed hereunder. 

 The soil 
The type of soil and its characteristics that significantly affect irrigation water management include its 

water-holding capacity, the water intake rate and soil erosivity. Soil texture, organic matter content, 

soil structure and permeability influence these characteristics and may limit producers’ or the farmers’ 

management and system options.  

Producers or the farmers therefore, should know the predominant soil type in each field receiving 

irrigation water. The available water-holding capacity should be used with the current moisture 

depletion status to schedule irrigation. This soil information can usually be obtained locally from soil 

maps of the area. 

 Water needs of crops 

Crop plants require water to meet the transpiration loss, build up its body tissues and to carry on 

biochemical and physiological activities within the plants. Every crop has a characteristic optimum 

water demand. In particular, the crop type, depth of roots, and stage of crop growth significantly 

influence the crop water need. In this regard, deep- rooted crops such as watermelon, eggplant, and 

tomatoes have better abilities to extract water from deep soil layers and are more resistant to dry 

spells, while shallow rooted crops such as leafy vegetables /such as lettuce, onion, and the Crucifer 

family/, short- cycle cereals and others with shallow root systems are extracting water from the upper 

soil layers, since their active root zones are located on the upper parts of soil layers. Therefore, these 

shallow-rooted crops need more frequent, but lighter watering than deep- rooted ones. In principle, 

all plants will need more frequent and lighter watering when young, whereas their roots grow deeper, 

watering intervals can be spread out and larger amounts of water are applied per application. 
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 Availability of irrigation water 

Irrigation water is often in short supply in most locations and, therefore, it demands a careful and 

economic use. Economic use of water permits to bring more areas under protective irrigation and 

leads to a greater crop production in areas of limited water supply. Therefore, in areas with water 

scarcity, farmers are advised to irrigate their crops giving priorities to critical crop growth stages that 

are sensitive to water deficit by skipping some irrigations for some stages that do not significantly 

affect crop yield. It is therefore; necessary that the critical stages of water need of crops should receive 

the foremost attention. At the same time, it is important to consider and weigh the relative 

importance of the various stages of crops for irrigation and the availability of water, in areas of water 

scarcity. 

 Stages of crop growth affecting irrigation practice 

Growth of all plants can be divided into three stages with regard to irrigation practice, namely; 

vegetative, flowering and fruiting. In principle, during vegetative growth stage the water need of crops 

increases gradually, flowering occurs near and during peak period of consumptive use of water, while 

that of fruiting is accompanied by a decrease in water use and ceases during the latter part of dry 

fruiting. Therefore, the amount of water applied and the frequency of irrigation must be adjusted to 

the actual water need of the crop, the water-holding capacity of the soil and rooting depth. Naturally, 

a shallow sandy soil will require quite different scheduling of irrigation than a deep clay loam soil 

having a characteristic of a much larger water storage capacity. In this case, a shallow sandy soil will 

require quite frequent but light irrigations, whereas a deep clay soil requires less frequent but heavy 

irrigations. 

 Critical stages of crop growth to water deficit 

There are some crucial stages in the life cycle of a crop plant when the plant is badly in need of water. 

Allowing water stress beyond a certain limit during these stages of crop growth causes a definite set 

back to growth processes and that ultimately affected the yield. These stages are referred as the 

critical stages of water requirement of crops. However, this does not mean that these stages are 

coinciding with peak consumptive use of water by crops. Water stress at these stages causes lower 

tillering, branching, pegging, tuber bulking, inadequate flowering and in extreme case, flower drops, 

poor setting of grains or fruits, bad filling of grains or serious fruit drops depending on the type of 

crops. The critical stages of water need of most crops are indicated in Table8.1. 
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Table8.1. critical stages of water need of most crops 

 

8.4 Criteria for Irrigation Scheduling 

Since irrigation water is of limited supply in most of the places, an emphasis should be given to the 

most efficient and economic use of water for normal crop production. In a situation, where adequate 

water is available on the demand, farmers often irrigate their crops earlier than the actual time of 

need, due to their eagerness to obtain good growth and high yield of crops. However, in reality this 

does not confirm higher yield of crops, since this may lead to waste of valuable water and even can 

cause damage to crops, due to over- irrigation. 

On the other hand, a delay in irrigation for lack of proper knowledge may lead to water stress that 

might affect the crop yield significantly. Therefore, optimum scheduling of irrigation based on the crop 

need of water is considered the right approach to ensure high water use efficiency and obtain a 

promising high yield of crops. However, since adequate water is not available in most places, 

attentions must be given to produce the maximum yield per unit of water used by rational distribution 

of irrigation water among crops over the growing seasons. A thorough understanding of the soil- 
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water- plant- atmosphere relationships is essential for proper scheduling of irrigation, since irrigation 

need of crops are decided by the evaporative demand of the ambient atmosphere, soil water status 

and plant characteristics. 

The criteria for scheduling irrigation may be grouped into the following categories: 

1) Plant criteria 

Plants show up certain characteristic changes in their constitution, appearance and growth behavior 

with changes in available soil water and atmospheric conditions. These changes are often important 

indicators for the time of irrigation. These different plant criteria are: 

 General appearance of crop plants- change of colour, wilting or drooping of plant parts and 

curling or rolling of leaves. This technique is, however, quite simple and rapid, but suffers from 

deficiencies. Changes in colour may be misleading, due nutritional or pest damage. 

 Plant growth- cell elongation is considered as the growth process that suffers first with water 

stress in plant. Subsequently, retardation in growth of height or intermodal length occurs. But 

this requires regular measurement of plant growth. Due to lack of appropriate equipment this 

is not also practical in subsistence farming like Ethiopia and inadequate standardization of the 

method; 

 Critical periods of water need- irrigation scheduling may be decided based on stages of growth 

more conveniently in crops in which the physiological stages are distinct and easy to locate 

the critical stages of growth to water deficit; 

 Indicator plant- such as sunflower is used to indicate symptoms of water stress before the 

crop plant is affected by water stress; 

 Stomatal opening- opening of stomata is regulated by soil- water availability. Stomata remain 

fully open when the water is adequate and partially or fully closed when there is water scarcity 

in the soil to reduce transpiration; 

 Plant temperature- with water deficit in plant the temperature of leaf tissue is rises. 

 
2) Criteria based on soil water status 

Scheduling irrigation based on soil water content is the most accurate and dependable method. 

Determination of the available soil- water is rather more important than estimating the total water 

content of soils. Soil data that must be known to determine the irrigation scheduling include;  

 the soil water- holding capacity,  

 depths of the different soil layers, and  

 the infiltration characteristics of the soil.  
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Knowledge of soil texture, structure, and organic matter content will also help to determine whether 

the moisture- holding capacities or the intake rate can be improved. Irrigation is applied when the soil 

water content reaches the lowest point of optimum soil water regime.  

 
 

Figure8.2. Estimated available moisture for various soil textures.  

 

3) Climatological approach 

Empirical formulae: Empirical formulae using different meteorological parameters have been 

developed for estimating the evapotranspiration and consumptive use for controlling irrigation, 

among which the modified Penman method, developed for estimating potential evapotranspiration 

and then used the estimated evapotranspiration for scheduling irrigation by water budget method.  

The adoption of the empirical formulae for irrigation control demands the knowledge of water-holding 

capacity of soils and a continuous record of rainfall and other meteorological parameters. However, 

this approach of scheduling is also more complicated for ordinary farmers and even for experts not 

having basic know- how of the methods. 

8.5 Methods of irritation scheduling determination  

Irrigations can be scheduled using methods varying from simple soil water monitoring using the feel 

and appearance method to sophisticated computer assisted programs that predict plant growth. 

Scheduling involves continual updating of field information and forecasting future irrigation dates and 

amounts. Crop yield and quality can be improved with most plants by maintaining lower soil-water 

tensions (higher moisture levels). Thus, it is wise to irrigate when the soil profile can hold a full 

irrigation. Waiting until a predetermined percent of soil AWC is used can cause unnecessary stress. 

8.5.1 The feel method of monitoring soil moisture 

The feel method incorporates the use of a soil probe and the ability of the irrigator to estimate how 

wet or dry a soil is. Soil textures behave with specific characteristics relative to the amount of water 

they contain.  With experience, an irrigator can provide an accurate description of a soil’s moisture 
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content.  Table8.2 provides a descriptive guide for determining the available moisture of varying soil 

textures. Probe the soil at one foot increments, and firmly squeeze a handful to determine the 

moisture content. It is important to probe more than one site within the field. By utilizing the feel 

method, an irrigator can estimate how long the soil moisture reserve will supply a crop without 

affecting its yield.  This is especially crucial during the critical development stages of crops and when 

determining to shut down the irrigation system prior to harvest. 

Table8.2. Soil moisture evaluation by the “Feel” Method  

 

 

Sandy loam and fine sandy loam soils 

 

Sandy clay loam, loam and silt loam soils 
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Clay, clay loam, loam and silt loam soils 

 

 

8.5.2 Soil Moisture Measurement  

Soil moisture measurement method is used to determine the irrigation schedule by measuring soil 

moisture 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, 

neutron probes, wetting front detectors and gravimetric. 

8.5.3 Computational method  

The computational method is an irrigation scheduling decision support system that utilizes the nearest 

meteorological station data to assist in scheduling irrigation operations.  The cropwat model requires 

input data to estimate the daily evapotranspiration rate.   

Daily evapotranspiration rate increases as the crop matures and reaches a maximum use per day 

during the critical periods of flowering and seed set or, for perennial crops after cutting or grazing. 

then the amount of irrigation to be applied can be computed by working out daily evapotranspiration 

rate of the crop to be irrigated.  

= ×  

where, ETc = Evapotranspiration rate mm/day;  
ETo = Reference evapotranspiration rate mm/day and  
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Kc = Crop co-efficient.  

ETc can be calculated by a number of methods, most popular being Penman-Monteith Method using 

local agro-meteorological data. Tables are available which contains Kc values of common crops for 

different growth stages and for different climate regions. Once ETo and Kc Values are known then it 

is simple multiplication to calculate daily evapotranspiration (ETc). Then daily ETc is multiplied with 

the number of days the crop is to be irrigated, to find out the amount of irrigation to be applied.  

Step-wise computation of irrigation scheduling for a particular crop  

To compute proper irrigation scheduling for crops, it is necessary to know the type of crop, growth 

stage, effective root zone, available water holding capacity of the soil and daily evapotranspiration 

rate (ETc) of the crop. Then follow the procedure given below step by step to compute irrigation 

scheduling.  

Step 1. Compute ETo and obtain appropriate Kc-values to get daily ETcrop demand,  

Step 2. Find out the root zone depth at different growth stages,  

Step 3. Find out the TAW in the root zone for the respective growth stages  

Step 4. Find out MAD  

Step 5. Divide step 4 by daily ETcrop (step 1), this will give irrigation interval in days  

Step 6. Multiply step 5 with ETcrop (step 1). This will give net irrigation requirement for the given 

growth stage  

Step 7. Divide step 6 with application efficiency, Ea. This will give gross irrigation requirement, IRg.  

Once irrigation interval and amount is fixed, it is a matter of computing the discharge and time 

required to refill the soil moisture. The time required to refill the soil moisture can be obtained from 

the following relationship:  

=  

Where; T is time required to refill the soil moisture depleted in hrs., DI is the depth of irrigation water 

to be applied in mm and I is infiltration rate of the soil in mm hr-1.  

The discharge rate, Q, for a particular field can be obtained from:  

( / ) =
×

× 3600
 

 Where Q is in lt./sec, A is area to be irrigated in m2, d is daily water need in mm and T in hr  

8.5.4 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 color 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 
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changes from vigorous growth (many young leaves which are light green) to slow or even no growth 

(fewer young leaves, darker in color, 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, 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.  

8.5.5 Estimation Method 

 Estimating the irrigation schedule 

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 

Table8.3. available water content in three soil types and evapotranspiration(ETo) in 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. 
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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 climate zones of these ETO values can be found is given below: 

  



 

76 
 

Table8.4. Reference crop evapotranspiration(mm/day) 

Climatic zone 
Mean daily temperature 

low  (<15oC) medium      (15-25oC) high (>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 

 
It is important to note that the irrigation schedules given in Table8.5 are based on the crop water 

needs in the peak period. It is further assumed that little or no rainfall occurs during the growing 

season. Some examples on the use of Table9.5 are given below. 

Examples 

1) Estimate the irrigation schedule for groundnuts grown on a deep, clayey soil, in a hot and dry 

climate? Firstly, the climatic class has to be identified: climate 3 (ETo = 8-9 mm/day) 

represents a hot climate. Table9.5 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). Table8.5 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? The average temperature is 

medium: climate 2 (ETo = 6-7 mm/day). Table9.5 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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Table9.4. interval and net irrigation depth for major crops in shallow, loam and clays soil in different types of climates 

 

For example, citrus grown in loamy soil, in a semi-arid area with low temperatures less than 15OC 

(Climate 1 according to table above) require 40 mm of net irrigation depth every 11 days.  
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 Adjusting the Irrigation Schedule for the non-pick periods 

The irrigation schedule, which is obtained using Table9.5, is valid for the peak period; in other words, 

for the mid-season stage of the crop. During the early growth stages, when the plants are small, the 

crop water need is less than during the mid-season stage. Therefore, it may be possible to irrigate 

during the early stages of crop growth, with the same frequency as during the mid-season, but with 

smaller irrigation applications. It is risky to give the same irrigation application as during the mid-

season, but less frequently; the young plants may suffer from water shortage as their roots are not 

able to take up water from the lower layers of the root zone. 

Dry harvested crops or crops which are allowed to die before harvest (for example grain maize) need 

less water during the late season stage than during the mid-season stage (the peak period). During 

the late season stage, the roots of the crops are fully developed and therefore the same amount of 

water can be stored in the root zone as during the mid-season stage. It is thus possible to irrigate 

during the late season stage less frequently but with the same irrigation depth as during the peak 

period. 

In summary, in order to save water, it may be feasible to irrigate, during the early stages of the crop 

development, with smaller irrigation applications than during the peak period. During the late season 

stage, it may be feasible to irrigate less frequently, in particular if the crop is harvested dry. 

When adjusting the irrigation schedule for the non-peak periods, it should always be kept in mind that 

the irrigation schedules must be simple, in particular in surface irrigation schemes where many 

farmers are involved. It will often be necessary to discuss with the farmers, before implementing the 

irrigation schedule, the various alternatives and come to an agreement which best satisfies all parties 

involved 

 Adjustment for local irrigation practices or irrigation method used 

It may happen that the net irrigation depth obtained from Table7.5 is not suitable for the local 

conditions. 

It may not be possible, for example, to infiltrate 70 mm with the irrigation method used locally. Tests 

may have shown that it is only possible to infiltrate some 50 mm per application. In such cases, both 

the net irrigation depth and the interval must be adjusted simultaneously. For example, suppose that 

maize is grown on a clayey soil in a moderately warm climate. According to Table8.5, the Interval is 10 

days and the net irrigation depth is 70 mm. This corresponds to an irrigation water need of 70/10 = 7 

mm/day. Instead of giving 70 mm every 10 days, it is also possible to give: 

63 mm every 9 days 

56 mm every 8 days 

49 mm every 7 days 
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42 mm every 6 days etc. 

This means that in the above example an interval of seven days is chosen with a net application depth 

of 49 mm. 

8.5.6 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, Table8.6 

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, Table8.7 can be used which gives an indication of the root 

depth of the major field crops. 

Table8.6. approximate net irrigation depths, in mm 
Soil texture  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 

 

Table8.7. approximate root depth of the major field crops 
Shallow rooting crops (30-60 cm): Crucifers (cabbage, cauliflower, etc.), celery, 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, 
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grapes, maize, melons, oats, olives, safflower, sorghum, 
sugarcane, sweet potatoes, wheat. 

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 (ea) 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: 

 

=
100 ×

 

Where,  

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: 

Table8.8. field application efficiency for different irrigation methods 
Surface  irrigation Ea=60 
Sprinkler  irrigation  Ea= 75 
Drip  irrigation  Ea= 90 

 

If, for example, tomatoes are grown on a loamy soil, Tables8.6 and 8.7 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: 

=
100 × 40

60
= 66.6 =  66 

 

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 Jun 

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. 
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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). 

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 is 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 
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Chapter 9. Measurement of Irrigation Water quantity 
  

Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 Clearly understand the purpose of irrigation water measurement; 

 Clearly know the types of flow measurement    

 know techniques of flow measurement 

 Understand how Water Measuring Devices are selected; 

Materials required: PPT slides, Flip chart papers, note books and pens, partial flume, meter, 

string, leveling, barrel/bucket, stopwatch, etc      

Methodology: the training methodology will be 

 lectures on concepts, principles, practices and approaches of measurement of irrigation 

water quantity, 

  Demonstration of the theoretical concepts using facts and figures and exercises and 

discussion and field observation 

 Given the opportunity to apply the knowledge and skill they acquired from their work 

experience through assignments, group works and presentation 

 Facilitator will ask participants to divide the whole session into equal number of participant to 

make a group; each group will be asked to discuss on importance of irrigation water 

measurement from the proper on farm water management point of view; 

After the discussion each group will come up with group work report and present for the whole 

group. 

Q1. Why you measure irrigation water? Discuss! 

Q2. List the types of irrigation water measurement techniques you are familiar?  

Q3. The water supplied by a pump fills a container of 200 liters in 20 seconds. What is the flow 
rate of this pump? 
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9.1 Purpose of Water Measurement  

Measuring water in surface irrigation systems is critical for peak efficiency management. Without 

knowing the amount of water being applied, it is difficult to make decisions on when to stop irrigating 

or when to irrigate next. A good irrigation manager should know the flow rate of the irrigation water, 

the total time of the irrigation event and the acreage irrigated. From this, the total amount of water 

applied can be determined, which will help determine whether the irrigation was adequate and when 

the next irrigation should be. Irrigation management decisions should be made based on the amount 

of water applied and how this relates to the consumptive use demands of the plants and the soil water 

holding capacity. Estimating the amount of water applied to a field is fairly easy for surface systems. 

The Irrigator’s Equation, Q x t = d x A, can be used to estimate the depth of water applied. In the 

equation:    × = ×   

Q is the flow rate, in cubic meter per second (m3/s); t is the set time or total time of irrigation (hours); 

d is the depth of water applied (mm) and A is the area irrigated (ha).  To determine how much water 

was applied, use the Irrigator’s Equation and solve for the unknown value, d, depth of water applied 

in mm. For example, suppose you irrigated a set 97.54m wide by 243.84m long with a head of 

0.170m3/s. Your set time was about 6.5 hours. How much water have you applied? 

 First, calculate the area irrigated?  

area(m2) = 97.54 × 243.84 = 23784.15 = 2.38ha 

0.17 × 6.5 = × 2.38 = 0.464  

9.2 Methods/Types of flow measurement    

Irrigation water management begins with knowing how much water is available for irrigation.  

Methods of measuring irrigation flow rate can be grouped into three basic categories: 

 direct measurement methods,  

 velocity-area methods, and  

 constriction flow methods.  

Choice of method to use will be determined by the volume of water to be measured, the degree of 

accuracy desired, whether the installation is permanent or temporary, and the financial investment 

required. 

9.3 Techniques of flow measurement 

a) Direct Measurement Methods 
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 Measuring the period of time required to fill a container of a known volume can be used to measure 

small rates of flow such as from individual siphon tubes, sprinkler nozzles, or from individual outlets 

in gated pipe. 

 

Figure9.1 A flow-rate of one liter per second 

Question  

The water supplied by a pump fills a container of 200 liters in 20 seconds. What is the flow rate of this 
pump? 

The formula used is: 

=  ( / ) =
  ( )

( )
 

Given:  
Volume of water: 200 liter      =   =  

 
= 10 /  

Time: 20 second 
 

b) Velocity-area methods 

The most practical method of measuring stream discharge is through the velocity-area method. 

Discharge is determined as the product of the cross-sectional area of the water times velocity. 

Discharge, or the volume of water flowing in a stream over a set interval of time, can be determined 

with the equation: =  

where Q is discharge (volume/unit time-e.g. m3/second, A is the cross-sectional area of the stream 

(e.g. m2), and V is the average velocity (e.g. m/s). 

This method comprises measuring the mean velocity V and the flow area 'A' and computing the 

discharge Q from the continuity equation. The site which satisfies the requirements such as 

straightness, stability, uniformity of cross-section is chosen for discharge measurement. The discharge 

measurement site is then marked by aligning the observation cross-section normal to the flow 
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direction. The cross-section is demarcated by means of masonry or concrete pillars on both the banks, 

two on each side 30 m apart. 

Procedures of Water Measurement in an Open Channel 

I. Measuring of width or average width of an open channel 

In order to measure the width of a channel the following procedures should be followed: 

 Select straight canal view and stretch a string from one side of the channel to the other side;  

 Put marks on the string to indicate the exact water surface on both sides of the channel;  

 measure the distance between the two marks and this is the width of the channel. If the field 

channel does not have equal width along the straight line selected it is better to take 

measurements at more places and take the average width of the channel. 

 

Figure9.2 Schematic illustration how to measure width of a canal 

II. Measuring the average depth of water 

In order to measure the average depth of water it is possible to use bamboo or a piece of wood circular 

at the base. The wooden piece should have a thickness of 3- 8 cm in order to resist the pressure of the 

water and delineated on it in meter and centimeter. The height preferably is more than one meter. 

On the measuring stick numeration should be written starting from 0 following bottom to up approach 

and zero should be marked at the flat bottom of the stick. The measuring can be done on the same 

area where the width is measured and measurements are taken at 30 cm interval. The average depth 

can be determined by dividing the sum of all the measured depths by the number of measurements 

taken. 

Table9.1 Sample data for measuring depth 
# of tests 1 2 3 4 5 6 7 average 
Depth, m 0.30 0.40 0.51 0.52 0.51 0.50 0.35 3.09/7= 0.44 

 

Number of trials for measuring depth are 7 and an average depth of an open channel is therefore, 

equal to 0.44 m (Total depths measured divided by the number of trials; 3.09/7 = 0.44 m). 
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III. Measuring the cross- sectional area 

The cross- sectional area is calculated by multiplying the width by the average depth of the canal. To 

do this first it is recommended summing up of all the partitions subdivided to measure the depths at 

certain intervals and then multiply the result with the average depth. 

  , =  ℎ, ×  ℎ,  

2.30m × 0.44m = 1.012m  

IV. Measuring of the water velocity in an open channel 

For the float method, measure out some convenient distance along the stream bank (try at least 30 

meters). Station one person at the upstream end of your selected reach and one at the downstream 

end.  The person at the upstream end has the stop-watch and the oranges.  The person at the top 

releases an orange and starts the clock when the o range floats over the top boundary of your reach.  

When the orange passes the bottom boundary of your reach, the person at the bottom signals to the 

top person to stop the clock.  Someone records the time and notes the distance traveled.  Do this at 

least three times. 

Calculations:  = /  

  =    /     
 
Finally, knowing the cross- sectional area of the channel and the average velocity of the water in the 

channel, the discharge of the water in the open channel could be calculated by multiplying the cross- 

sectional area by the velocity of the water. 

Table9.2 Estimated average velocity from different data set  
Test # Time in second distance in m Velocity of water in m/s 
1 20 10 0.50 
2 21 10 0.48 
3 22 10 0.45 
average 21 10 0.48 

At the end of the test the results should be added and divided by the total number of tests. Therefore, 

an average velocity is 10/20.6 = 0.48 m/s.  

( / ) = × = 1.02 × 0.48 / = 0.49 /  
 

9.4 Selection of Water Measuring Devices   

Increasing utilization and the value of water makes the understanding of water measuring techniques 

important and necessary. Accurate flow measurement is very important for proper and equitable 

distribution of water among water users. Information concerning the volume of available water is very 

helpful in planning for its future use and distribution.  
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There are several types of flow measurement devices currently in use across the world. Among the 

major types of measurement devices used in surface water (open channels) conduits are: weirs, 

flumes, current meters, orifices, propeller meters, and orifice plates, etc. The most common water 

measurement devices in Ethiopia are sharp crested weirs and parshall flumes. 

Weirs and flumes each have decided advantages and disadvantages. A weir is the simplest device that 

can be used to measure flow in open channels. It is low in cost, relatively easy to install, and quite 

accurate when properly used. However, it normally operates with a rather significant loss in head, and 

its accuracy can be affected by variations in the approach velocity of the liquid in the flow channel. 

Weirs must also be periodically cleaned to prevent deposits of sediment or solids in the upstream side 

of the wear, which will adversely affect its accuracy. 

Type of Weirs  

 Rectangular Weir: Most widely used weir. Able to measure higher flows than V-Notch weirs. 

When sizing a rectangular weir, a crest length of 1 foot is the minimum that should be considered  

 V-Notch Weir: Better suited for low flows streams. Has reasonable accuracy for flows up to 

0.28cm. Very accurate in measuring flows less than 0.028cms.  

 Trapezoidal weir: Less accurate than V-notch or rectangular weirs. Commonly used to measure 

high flows. Offer a slightly wider range of flows than rectangular weirs  

 

 
Source: Adkins (2006) 

Figure9.3 V-Notch Weir in the Field 

On the other hand, a flume tends to be self-cleaning since the velocity of flow through it is high and 

there is no obstruction across the channel. It can also operate with a much smaller head loss than a 

weir, which can be important for many for many applications where the available head is limited. In 

addition, a flume is relatively less sensitive to varying approach velocity. Nonetheless, a flume is much 

more expensive than a weir, and its installation is more difficult and time consuming. Flumes are also 

generally less accurate that weirs. 

Flumes are categorized in two main classes: Long-Throated flumes and Short-Throated flumes 



 

88 
 

 Long-Throated flumes: These types of flumes control the discharge in a throat that is long 

enough to cause nearly parallel flow lines in the region of flow control. They can have nearly 

any desired cross-sectional shape and can be custom fitted into most canal site geometry. 

They perform well in channels with low gradients and can perform under submerged 

conditions. 

 Short-Throated flumes:  Although they are considered short, the overall specified length of 

the finished structure, including transitions, might be relatively long. The Parshall flume and 

the Cutthroat flume are the most common examples of this type of flume. The most popular 

flume designs in use today include the Parshall flume, the Cutthroat flume, and the 

Trapezoidal flume. The long throated flume is the recommended choice for most projects 

because of its simple design, easy installation and flexibility in placing them in complex 

channel shapes with various flow conditions (Adkins, 2006). 

 

 

Source: Adkins (2006) 

Fig9.4a. Parshall Flume Configuration Diagrams                           Fig9.4b. Parshall Flume 
Installed in a Channel 
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Chapter 10. Solving water shortage in the command area  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.1 Introduction  

Irrigators need to know the availability of water (in terms of amount, timing, and rate) into their 

irrigation management decisions. Both surface water and ground water can be used to supply 

irrigation water. An assessment of the total amount of water available during an irrigation season is 

essential to determining the types and amounts of irrigated crops that can be grown on the farm. 

Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 Clearly understand how irrigation is managing according to crop growth stages; 

 Match scheme irrigation water need with scheme water supply;    

 Clearly know agricultural water saving practices and technologies;  

 Understand how irrigation efficiency is improved; 

Materials required: PPT slides, Flip chart papers, note books and pens,  

Methodology: the training methodology will be: 

 lectures on concepts, principles, practices and approaches of solving water shortage in 

the command area, 

  Demonstration of the theoretical concepts using facts and figures and exercises and 

discussion, 

 Given the opportunity to apply the knowledge and skill they acquired from their work 

experience through assignments, group works and presentation 

Facilitator will ask participants to divide the whole session into equal number of participant to 

make a group; each group will be asked to: 

o discuss the irrigation water requirement of plants based on their growth stages; 

o discuss the possible means or methods when the irrigation supply is less than the 

amount required; 

After the discussion each group will come up with group work report and present for the whole 

group. 

Q1. What are agricultural water saving practices and technologies familiar in your area? 

Q2. Discuss how improved irrigation efficiency improves OFWM! 
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10.2 Managing irrigation according to growth stages  

The amount of water that is needed for adequate irrigation depends upon climate and crop growth 

stage. Different crops require different amounts of water, and the water demand for any particular 

crop varies throughout the growing season. Irrigators need to factor the peak-use rates, the amount 

of water used by a crop during its period of greatest water demand (usually during period of peak 

growth), into both the initial design of an irrigation system and annual irrigation planning. 

The crop water need or crop evapotranspiration consists of transpiration by the plant and evaporation 

from the soil and plant surface. When the plants are very small the evaporation will be more important 

than the transpiration. When the plants are fully grown the transpiration is more important than the 

evaporation. 

 

 Figure 10.1 Growth stages of a crop 

At planting and during the initial stage, the evaporation is more important than the transpiration and 

the evapotranspiration or crop water need during the initial stage is estimated at 50 percent of the 

crop water need during the mid - season stage, when the crop is fully developed. 

During crop development stage the crop water need gradually increases from 50 percent of the 

maximum crop water need to the maximum crop water need. The maximum crop water need is 

reached at the end of the crop development stage which is the beginning of the mid-season stage. 
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With respect to the late season stage, which is the period during which the crop ripens and is 

harvested, a distinction can be made between two groups of crops: 

 Fresh harvested crops: such as lettuce, cabbage, etc. With these crops the crop water need 

remains the same during the late season stage as it was during the mid-season stage. The 

crops are harvested fresh and thus need water up to the last moment. 

 Dry harvested crops: such as sorghum, maize (for grain production), sunflower, etc. During 

the late season stage these crops are allowed to dry out and sometimes even die. Thus their 

water needs during the late season stage are minimal. If the crop is indeed allowed to die, the 

water needs are only some 25 percent of the crop water need during the mid-season or peak 

period. Of course, no irrigation is given to these crops during the late season stage. 

10.3 Matching scheme irrigation need with scheme water supply  

Matching scheme irrigation need with scheme water supply is intended as a guide to solve the 

practical problems of water shortage in the scheme.  the information offered here should provide field 

technicians with a water management tool with which to anticipate and solve irrigation problems at 

the more complex level of the agricultural scheme. 

If the command area of a water source is larger than the actual area to be irrigated, there should be 

no problem of water shortage. When the supply of a water source in a certain month is known, e.g. 

250 litres per second, and the gross irrigation need per hectare for the same month is estimated, for 

instance at 1.8 litres per second per hectare, then the command area can be calculated. With a water 

supply of 250 l/s and a need of 1.8l/s per hectare, one can irrigate 250/1.8, or 139 ha. The formula 

used to calculate the command area is scheme water supply (SWS) divided by gross irrigation need 

(INgross) or  

CA =
SWS

IN
(ha) 

When the supply of a water source is not constant over the months and seasons of the year, then the 

command area will also vary.  As the amount of water supply varies over the years, the irrigation need 

also varies. Assume the following values of net irrigation need and size of command area for each 

month in table 10.1 

Table10.1. scheme water supply, value of net irrigation need and monthly command area 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
SWS (l/s) 290 420 510 560 650 400 320 280 250 230 200 220 
INnet(l/s) 1.0 1.0 1.4 2.0 2.2 2.4 2.2 2.0 1.4 1.2 1.0 1.0 
CA(ha) 290 420 364 280 295 167 145 140 179 192 200 220 

 

The month during which the smallest area can be irrigated, i.e. the one with smallest CA, is August, 

with 140 ha. The month with the largest CA is February with 420 ha. If planting were confined to an 
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area of not more than 140 ha, the crop could be supplied with sufficient water throughout the year. 

Irrigation in this case is reliable. According to table10.1, the area of 140 ha is the smallest area for 

irrigation. This area is called the critical command area. 

In this section, five possible means or methods are discussed of matching the Scheme irrigation need 

with the Scheme water supply, when the irrigation supply is less than the amount required.  

 Method 1: Enlarge the Scheme water supply(SWS) if the gross scheme irrigation water need 

is too large. 

Enlarging the SWS is only possible when the water source is not fully exploited. This may be the result 

of a pumping system that does not have enough power to lift the required water flow, or an intake 

structure or supply canal that is too small or placed too high above the water level in the river or 

reservoir. These situations can be improved and the supply increased. 

 Method 2: Matching by advancing or postponing the growing season. 

In the case of a variable river flow, the SWS might be too low at the beginning or at the end of the 

growing season. If a water shortage occurs at the beginning of the season, one may consider 

postponing the growing season by a month or so. If water problems are more likely to occur at the 

end of the season, it may help to plant the crop earlier. 

 Method3: Stagger the growing season. 

Method2 consisted of either advancing or postponing the growing period for the entire irrigation 

scheme. By doing so, it is sometimes possible to avoid the risk of water shortages at the beginning or 

at the end of the irrigation season. With Method 3, the growing season is shifted, but only for a part 

of scheme. In planning this operation carefully, the scheme irrigation need can be fine-tuned to an 

even greater extent to the scheme water supply. 

 Method4: Diminish the gross scheme irrigation water need  

If all other methods of coping with water shortage fail, the only remaining solution is to diminish the 

gross scheme irrigation water need. The first step in decreasing the gross scheme irrigation water 

need is to try to increase irrigation efficiency. If irrigation efficiency is still not sufficiently improved to 

match need with supply, or SIN gross and SWS, three alternatives remain: 

o grow a crop with a lower irrigation water need 

o decrease the irrigated area 

o accept water shortages and lower production. 

In existing schemes, farmers will not easily accept growing other crops or diminishing the irrigated 

area. When the water shortage is less than 10-20% of the monthly requirement, production losses are 

not very heavy, and farmers will accept this solution first. When an extension of the scheme is 

considered, and farmers want to expand beyond the limits of the available water, one has sometimes 
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to convince them to adjust their plans, by cutting a part of the new area, or by growing a crop with a 

lower irrigation need. 

10.4 Agricultural water saving practices and technologies,  

Irrigation water management encourages the application of water in an amount that meets the need 

of the growing plant in a manner that avoids extended soil saturation and runoff. By increasing 

application precision and reducing unneeded applications, water can be conserved. 

It is important to acknowledge that many water saving technologies have already been developed and 

applied to various areas. Some of the water saving practices and technologies are discussed below: 

I. Irrigation methods 

Efficient application of irrigation water is one the most important ways to mitigate loss of water 

resources. There are several irrigation techniques that reduce the amount of water applied per unit 

of biomass produced, thus improving irrigation efficiency regardless of crop type. For example, drip 

irrigation systems minimize the amount of water lost due to evaporation and runoff by being applying 

water directly to the root zone, thus keeping the soil surface dry. Rainfall harvesting, efficient irrigation 

water transport, and use of reclaimed water can also lead to more efficient agricultural water use.  

II. irrigation scheduling 

Optimization of irrigation amounts in time and space requires scientific irrigation scheduling practices. 

Scientific irrigation scheduling is a systematic procedure that calculates an estimated future water 

requirement over relatively short periods of time to meet all crop needs and avoid water over 

application or under application.  

III. Deficit irrigation 

deficit irrigation strategies can potentially reduce agricultural water use and conserve water, but they 

require excellent control of the timing and amounts of the applied water. Deficit irrigation strategies 

will result in high field application efficiencies because crop water use can be substantially less than 

potential ET, but the “irrigation system” efficiencies and uniformities are minimally affected because 

they are a function of the system design. Optimal deficit irrigation strategies still must be developed 

for most crops with the most pressing need being strategies for low-value field crops. Some deficit 

irrigation strategies are now being developed for high-value vegetable and fruit crops. The research 

must include ways to match crop/plant needs with inputs over time, adjusting plant populations for 

various drought levels, figuring out when stress is most easily tolerated with the least yield loss. 
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IV. Field leveling 

Field leveling involves grading and earthmoving to eliminate variation in field gradient—smoothing 

the field surface and often reducing field slope. Field leveling helps to control water advance and 

improve uniformity of soil saturation under gravity-flow systems. Precision leveling is generally 

undertaken with a laser-guided system. 

V. Shortened water runs 

Shortened water runs reduce the length of furrow (or basin) to increase uniformity of applied water 

across the field. Reduced water runs are most effective on coarse soils with high soil-water infiltration 

rates. Water runs of one-half to one mile in length may be reduced to one-quarter mile or less (with 

reorganization of the on farm conveyance system). 

VI. Alternative furrow irrigation 

Alternate furrow irrigation involves wetting every second furrow only. This technique limits deep 

percolation losses by encouraging lateral moisture movement. Applied water and time required per 

irrigation may be significantly less than under full furrow systems, but more irrigations may be 

required to supply crop needs. This technique is very effective when the desired strategy is to irrigate 

to a “less than field capacity” level in order to more fully utilize rainfall. 

VII. Tail water reuse 

Tail water reuse systems recover irrigation runoff in pits below the field and pump it to the head of 

the field for reuse. 

10.5 Improving irrigation efficiency 

Irrigation efficiency refers to the percentage of water pumped or diverted which actually enters and 

remains in the soil root zone during irrigation. Irrigation efficiency is determined by many factors, 

some of which are wind losses, ditch seepage, runoff, and deep percolation. Efficiency can be 

increased by improved water management and by system maintenance and improvements. 

A well designed and managed irrigation system reduces water loss to evaporation, deep percolation, 

and runoff and minimizes erosion from applied water. Application of this management measure will 

reduce the waste of irrigation water, improve water use efficiency, and reduce the total pollutant 

discharge from an irrigation system. It focuses on components to manage the timing, amount and 

location of water applied to match crop water needs. 
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Chapter 11. Irrigation Scheme Operation and maintenance  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11.1 Introduction  

It has become a matter of increasing concern in recent years that the performance of many irrigation 

schemes has fallen short of expectations. This is due to a number of factors but no doubt the lack of 

proper operation and maintenance is an overriding cause for the malfunctioning of schemes. It is 

always surprising to find that while planning, design and construction of irrigation schemes receive 

considerable attention and are generally carried out with great care, little attention is paid to 

operation and maintenance matters. 

Learning outcomes of the chapter 

Upon the completion of this chapter, training participants will be able to: 

 Clearly understand how organization(WUA) is important for scheme operation and 

maintenance  

 Clearly understand the importance of appropriate irrigation operation and maintenance 

for irrigation schemes;    

Materials required: PPT slides, Flip chart papers, note books and pens, farm tools,   

Methodology: the training methodology will be: 

 lectures on concepts, principles, practices and approaches of irrigation scheme 

operation and maintenance , 

  Demonstration of the theoretical concepts using facts and figures and exercises and 

discussion and field observation 

 Given the opportunity to apply the knowledge and skill they acquired from their work 

experience through assignments, group works and presentation 

Facilitator will ask participants to divide the whole session into equal number of participant to 

make a group; each group will be asked to: 

o discuss the main responsibility of organizations(WUA) for an irrigation scheme; 

o discuss the types of maintenance activities which are familiar in your area; 

After the discussion each group will come up with group work report and present for the whole 

group. 

Q1. How do you understand the operation and maintenance activities of an irrigation 
schemes? 

Q2. List the type of maintenance activities done for an irrigation scheme and which type of 

maintenance activities are done by farmers? 
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11.2 Organization 

Developing, operating and maintaining an irrigation scheme almost always requires joint action by the 

water users. In traditional irrigation schemes, farmers would get together to build a diversion weir 

across a river or dig an access canal, because these were things they could not accomplish on their 

own. Without a capacity for organization and decision making among the users, it was simply not 

possible to complete a scheme. This capacity helped users to develop an organization capable of 

operating and maintaining the scheme. 

In a modern scheme where most of the preparation and construction is done by a government agency, 

the water users have much less experience in organizing themselves. Yet the fact that in such schemes 

the water is usually delivered to a group of farmers requires a water users' association (WUA) that is 

capable of assuming responsibility for water distribution among farmers. In many cases, the WUAs are 

also responsible for maintenance and for collecting irrigation fees from its users. WUAs could also play 

an important role in negotiating with the scheme operators on the service agreement. 

11.3 Operation  

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 

A farmer may want a design which allows every farmer to take as much irrigation water as he /she 

wants, at any time, with less care of the consequences.  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 

 on what are the methods for water flow regulation 

 discharge of the canal litre/second. 

One method of water distribution is flow sharing or proportional delivery; every farm receives an equal 

share of the canal discharge. For example, provides each farmer with a maximum flow of 6 l/s using 

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. 

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 6 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 
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structure. It may be convenient to have structures which allow either closure or passage of the full 

canal flow. The method does require action from operators or farmers to direct the canal flow to the 

farm that is scheduled to receive irrigation water. 

11.4 Maintenance  

Many irrigation schemes in Ethiopia do not provide adequate service to farmers, because gates can 

no longer move due to rust or because parts are missing or broken, canal sections have collapsed or 

are full of silt, water level gauges have disappeared, etc. this is because of poor maintenance. A newly-

built irrigation scheme is expected to function for 20-30 years or more. The efficiency and longevity of 

the scheme lies upon the nature of maintenance of the components involved in the irrigated 

agriculture and upkeep of the general ecology and environment.  Maintenance includes repair and 

maintenance it self. 

types of maintenance  

a) Routine /regular maintenance 

It is done regularly, at intervals of week, month or the end of each crop season and beginning of the 

new crop season.  It is done without any hindrance to the performance of the system. Routine 

maintenance activities have to be repeated throughout the lifetime of an irrigation scheme to keep it 

functioning. Some of these activities are daily routines which do not require special skills, like greasing 

of gates; removing weeds from embankments, canals and drains; removing silt from canals, drains and 

structures. 

Other routine maintenance activities require skilled artisans, such as a mechanic, a mason, a carpenter 

and a painter. They may be needed to do routine maintenance work such as: 

 repairs to gates and measuring structures; 

 repainting of steel structures; 

 installation of water level gauges; 

 maintenance and small repairs of pumps and engines. 

Larger routine maintenance jobs are usually done between irrigation seasons, when the canals are 

drained. These include: major repair or replacement of gates, pumps, and engines; large-scale silt 

clearance from canals and drains; large-scale maintenance of roads and embankments. 

In the off-season, both farmers and operators are not busy with irrigation and can therefore more 

easily be engaged in maintenance work. Sometimes, for very large or difficult jobs, it may be necessary 

to hire a contractor. 

 

 

 



 

98 
 

b) Periodic maintenance  

 It is done once a year, before opening of the canal and also at the end of the canal closure and is done 

during non-crop season.  Such kind of maintenances are: painting/changing defective gates and 

maintenance of damaged but functional structures. 

c) Emergency works 

Emergency works require immediate and joint action by irrigation staff and farmers, to prevent or 

reduce the effects of unexpected events such as: breach or overtopping of canal embankment or river 

dike, causing flooding; critical failure of pumps or head works, causing interruption of irrigation water 

supply and natural disasters such as floods, earthquakes or typhoons. 

Operational staff must be trained so that they know what to do as soon as they arrive on the scene, 

such as cutting off the power to a overheated pump, and closing the head works in case of a canal 

breach. A good communication system can do much to reduce the damage. 

d) Scheme improvement 

The routine maintenance and emergency repairs described above are all aimed at keeping or restoring 

the technical infrastructure in the condition it was in when it was newly built. There are a number of 

reasons, however, not just to maintain the scheme in its original condition but to gradually improve 

it. The main reasons are: 

 A newly constructed scheme is hardly ever perfect. Some alterations are usually necessary to 

make it fully operational. 

 It is sometimes better to construct a scheme at minimum capacity, with low cost structures. 

Then, if the scheme proves to be a success, it can be gradually expanded and the structures 

replaced with more permanent ones.  

 Conditions change, both inside and outside the scheme. Improvements are necessary to 

ensure that the scheme continues to deliver services that correspond with farmers' needs. 

e) Maintenance due to alterations in constructed schemes 

In the design of an irrigation scheme, many assumptions are made. However, it is very difficult to be 

accurate as in actual field conditions. Even with extensive field research in the area at the planning 

stage, it is not possible to be absolutely accurate in predicting soil and topographic characteristics 

influencing irrigation design and construction. If actual seepage and percolation losses in a particular 

section of scheme are much higher than was assumed, the capacity of the canals and/or turnouts 

serving this area may have to be increased or canal has to be lined. 

f) Maintenance due to adapting to change 

A design that is well adapted to farmers' needs at the time of construction can become inadequate 

due to changes that occur both inside and outside the scheme. A few examples are given below: 



 

99 
 

 A change in prices for agricultural crops can result in a different cropping pattern & different 

CWR and scheduling. 

 Job opportunities outside agriculture may reduce the availability of farm labour and may need 

to make machine intensive instead of labour intensive. 

 A change in lifestyle may result in farmers no longer wanting to irrigate during the night. 

 Increased demand for water for domestic and industrial purposes can reduce the volume of 

water available for irrigation.  Remember domestic water supply has priority over irrigation 

In order to cope with these changing conditions, it may be necessary to change the water distribution 

practices in the scheme. For example, a scheme that was originally designed for rice cultivation, on 

the basis of proportional water distribution to the tertiary units during 24 hours a day, is no longer 

adequate when farmers prefer to grow vegetables and only want to irrigate during the daytime. In 

such a case, the scheme's infrastructure may need to be upgraded to enable a more appropriate 

method of water distribution.  

g) Management of maintenance activities  

The objectives of maintenance management in an irrigation scheme are: to keep the scheme in good 

operating condition so that it will provide uninterrupted service; The need for repair by the irrigation 

maintenance unit may be the result of:  

1. Routine inspection by operator. 

2. Periodic inspection by maintenance unit. 

3. Breakdown of systems pumps etc. 

4. Emergency (flood, pump failure). 

Items 1 and 2 are preventive maintenance activities. For the irrigation scheme, a repair that is 

identified by an operator and can be performed by the same operator is the least costly; expenditures 

are just the cost of the operator and perhaps some materials. If the repair needs to be done by the 

maintenance unit, it usually implies higher costs and an organizational effort. While preventive 

maintenance represents efforts and costs, it costs much less than repair of breakdowns. 

h) Planning maintenance  

Planning maintenance activities means deciding what activities should be done, who should do them, 

and when.  The activities performed under the preventive maintenance program can be planned in 

advance, indicating for each task when it should be done and by whom.  

Inspections for identification of maintenance needs can also be scheduled in advance, indicating when 

inspections will take place and by whom. Of course, it is not possible to predict which maintenance 

needs will be identified through these inspections. A practical solution is to have an annual inspection 

as a basis for drawing up the maintenance program for the next year. 
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The maintenance needs identified at this annual inspection will not all have the same degree of 

urgency. For example, erosion of the embankment of a storage dam must have top priority and be 

corrected without delay, because failure of the dam would have serious consequences. Other 

activities, such as silt or vegetation removal from a canal, may safely be planned a few months later. 

The main factors to consider when setting priorities are the Consequences of not doing the 

maintenance work, in terms of: 

 safety; risk to human life and risk of structural failure; 

 effect on crop production due to interruption of water deliveries. 

The maintenance needs identified will then be scheduled into the maintenance plan according to their 

priority, together with the preventive maintenance activities. 
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Appendix  

Bulk density values of different soil types 
Soil textural group Bulk density, g/cm3 
Very heavy clay 1.0-1.1 
Heavy clay 1.1-1.2 
Medium 1.2-1.4 
Light 1.4-1.5 
Sand 1.5-1.6 
Compact sandy clay 1.6-2.0 

 

Typical Values for the Available Water for Different Soil Textures 
  Available Water (AW) 
Soil Type Soil Texture mm/m  % 
Heavy  Clay 120-200 12-20 
 Silty clay 130-190 13-19 
 Silty clay loam 130-180 13-18 
  Medium Silty loam 130-190 13-19 
 Loam 130-180  13-18 
 Sandy loam 110-150  11-15 
 Loamy sand 60-120 6-12 
  Light Sand 50-110 5-11 

Source:  Field Guide on Irrigated Agriculture for Field Assistants, IPTRID (FAO), Report No.1, April 2001 

Range of available soil moisture for various soil type 
water potential in bars 0.2 (FC)* 0.5 2.5 15 (pwp)*  
Soil Type Available soil moisture, mm/m depth of soil-(Sa) 
Heavy clay                              180 150 80 0  
Silty clay                                  190 170 100 0  
Loam                                        200 150 70 0  
Silt loam                                  250 190 50 0  
Silt-clay loam                          160 120 70 0  
Fine textured soils                  200 180 70 0  
Sandy clay loam                     140 110 60 0  
Sandy loam                             130 80 30 0  
Loam fine sand                      140 110 50 0  
Medium textured soil            140 100 50 0  
Medium fine sand                   60 30 20 0  
Coarse textured soil                60 30 20 0  

NB: * FC = Field capacity and WP = wilting point 
Source: Irrigation Agronomy Manual, Revised Version, MoA /ADD, March 1990, Addis Ababa 
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 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 

 Some of the rooting depth of fully grown vegetable and fruit 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 
Avocado 0.5 – 1.0 0.70 
Banana 0.5 – 0.9 0.35 
Citrus 1.2 - .15 0.50 
Mango 1.2 - .15 0.50 
Papaya 0.5 – 0.9 0.40 

Figure 3. A soil water extraction pattern in soils of adequate soil moisture and without restrictive 
layer in the root zone 
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Critical periods for soil water stress for different crops 

 

Source:  
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Crop coefficient (Kc) for different crops with its development stages 

 

Source: FAO 33 (1986)  
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Indicative values of the total growing period 

 

  


