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Ç Irrigation is particularly crucial in sustaining agriculture across the 

άŘǊȅ ōŜƭǘέ that extends from the Middle East through Northern China 

to Central America and parts of the United States.  

Ç Asia alone has over 60% of the ǿƻǊƭŘΩǎ irrigated land, both in semiarid 

and humid tropical conditions.  

Ç Irrigation has remained limited in most of Sub-Saharan Africa. The 

1990s saw  a substantial rise in private irrigated peri-urban agriculture 

in Sub-Saharan Africa in response to higher demand from growing 

cities for fresh fruits and vegetables (FAO 2005). 

Introduction 
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Figure 1. Irrigated areas as a share of cultivated area by country 
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Ç Agriculture with irrigation is the primary consumer of water on earth. 

Ç Demand for water for industrial and municipal uses, including for energy 

generation, is growing relative to demand for agriculture. As competition 

for water from these other sectors intensifies, agriculture can expect to 

receive a decreasing share of developed freshwater resources.  



Figure 2. Total actual renewable water resources per inhabitant 



Figure 3. Proportion of total water withdrawn for agriculture 



Figure 4. Proportion of renewable water withdrawn for 
agriculture 
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Figure 5. Global water withdrawal for various uses 
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× In the past half century there have been massive investments in large-

scale public irrigation infrastructure as part of efforts to increase world 

staple food production and ensure food self-sufficiency.  

× Irrigation water was essential to achieve the gains from high-yielding 

fertilizer-responsive crop varieties.  

× During this period more than half the agricultural budget in many 

countries, particularly in Asia, and more than half of World Bank 

agricultural lending was devoted to irrigation.  

× At the same time irrigation demand dominated steadily increasing 

water withdrawals. 
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ÇGlobally, 70% of water use is applied in irrigation of crops, making 

irrigation the largest consumptive user of fresh water.  

ÇOver 80% of freshwater withdrawals in developing countries is 

applied in irrigation.  

Ç Irrigated agriculture provides 40% of the ǿƻǊƭŘΩǎ food from less 

than 20% of the cultivated area highlighting the importance of 

irrigation in global food security. 
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Figure 6. Water consumption (%) for agricultural, municipal and 
industrial uses in Mediterranean countries 

Municipal Industrial Agricultural 
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× The complete management of irrigation water by the user is a 

necessary activity in our existence as a society.  

× Competition for a limited water supply for other uses by the public 

require the irrigation water user to provide much closer control than 

ever before.  

× Today's management of irrigation water requires using the best 

information and techniques that current technology can provide in 

the planning, design, evaluation, and management of irrigation 

systems.  
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Types of Irrigation Methods and Systems 

Ç The irrigation system must be able to deliver and apply the amount of 

water needed to meet the  crop water requirements. Along with 

meeting the seasonal water requirements, systems must supply 

enough water to prevent daily crop-water stress by satisfying the 

difference between evapotranspiration demands and available soil 

moisture supplied by rainfall or previous irrigations. 

Ç Typically as water costs increase, farm managers invest in better 

irrigation systems and management. They use techniques that have 

the potential to minimize water use by more uniform water 

application across the field and better control of the amount needed 

and applied by each irrigation. Changing or improving irrigation 

methods and systems may reduce total operating costs. 
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In order to be in a position to select an irrigation system for a given 

area, it is important to look at the types of irrigation systems 

commonly used. Based on the method of applying water to the land, 

there are three basic irrigation methods, along with the many 

systems to apply irrigation water, include:  

(1) Surface irrigation systems 

 

(2) Sprinkler irrigation systems and 

(3) Localized or micro-irrigation systems 

Traditional 
method 

MODERN 
methods 
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(1) Surface irrigation systems apply water to the land by an 

overland water flow regime. Within this group are the: 

I. Furrow,  

II. Border strip and  

III. Basin irrigation systems.  
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(2) Sprinkler irrigation systems, water is conveyed and distributed 

through pressurized pipe networks before being sprayed onto the 

land. There are several sprinkler irrigation systems, which can 

broadly be divided into: 

I. Set systems and 

II. Continuous move systems. 
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(3) In Localized or micro-irrigation systems, a pipe distribution 

network is used to distribute and deliver filtered water (and 

fertilizer) to a predetermined point. The three main categories of 

localized irrigation methods are: 

I. Drip  

II. Micro ς spray and  

III. Subsurface drip.  
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Surface Irrigation 

Surface irrigation is the oldest and most common method of applying 

water to crops. It involves moving water over the soil in order to wet it 

completely or partially. The water flows over or ponds on the soil 

surface and gradually infiltrates to the desired depth. Surface irrigation 

methods are best suited to soils with low to moderate infiltration 

capacities and to lands with relatively uniform terrain with slopes less 

than 2-3% 
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Figure 7. Typical component of a surface irrigation system 
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o When water is applied to the soil surface by any of the three surface 

irrigation methods (furrow, border strip or basin), it will infiltrate into 

the soil to the required depth in order to bring the soil back to field 

capacity.  

o Using the border strip and basin irrigation method, the entire soil 

surface is wetted and the water movement through the soil is 

predominantly vertical.  

o Using the furrow irrigation method, part of the soil surface is wetted 

and the water movement through the soil is both vertical and 

lateral.  



22 

Figure 8. Surface irrigation phases 
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(1) Advanced phase: The advance phase begins when water is 

applied onto the field at the upstream end and ends when it reaches 

the downstream end of the field. The stream size applied at the head 

of the furrow, border strip and basin should be greater than the soil 

infiltration rate. This means that part of the water advances over the 

soil surface to the end of the field and part of the water infiltrates into 

the soil. The time between the start of irrigation and water 

advancement to the end of the field is called the advance phase.  
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(2) Storage or ponding phase: When the water arrives at the tail 

end and the water supply at the head is continued, water floods the 

whole field. Some water continues infiltrating into the soil, some water 

ponds on the field and some excess water is collected as runoff. The 

time elapsed between the arrival of the water at the tail end and the 

stopping of the inflow at the top end is called the storage phase or 

ponding phase.  
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(3) Depletion phase: After stopping the inflow at the head end, 

water may continue to pond on the soil surface for a while. Some 

water still infiltrates the soil, with the excess being collected as runoff. 

At a certain moment water will start receding from the head end. The 

time between the stop of the inflow at the head end and the 

appearance of the first bare soil that was under water is called the lag 

time or depletion phase. 
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(4) Recession phase: After water starts receding from the head end, 

it continues to the tail end. The time when water starts to disappear at 

the head end until it eventually recedes from the whole field is called 

the recession phase. 
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 Furrow Irrigation 

VA furrow irrigation system consists of furrows and ridges. 

VThe water is applied by means of small channels or furrows, 

which follow a uniform longitudinal slope. The method is best 

suited to row crops such as maize, cotton, onions, tomatoes, etc. 

VWater can be diverted from the field canal or the tertiary canal 

into furrows by means of siphons placed over the side of the 

ditch or canal bank and be allowed to flow downstream along 

the furrow. 
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Ç The water is gradually absorbed into the soil and spreads laterally to 

wet the area between the furrows.  

Ç The amount of water that infiltrates the soil at any point along the 

furrow depends on the soil type and the period during which the 

water is in contact with the soil at that particular point. This is 

known as the contact time or the intake opportunity time.  

ÇWater is mainly lost by deep percolation at the head end of furrow 

and runoff at the tail end.  

Ç Furrows can be used on most soil types, although coarse sands are 

not recommended since percolation losses, especially at the top 

end, would be high because of high infiltration rates.  
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Figure 9. Furrow shape depending on soil type  
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Figure 10. Soil moisture distribution on various soil types as a 
determinant of furrow spacing  
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Figure 11a. Examples of furrow irrigation in Greece  
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Figure 11b. Examples of furrow irrigation in Greece  
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 Border strip Irrigation 

Ç Border strips are strips of land with a downward slope but are as 

horizontal as possible in cross-section. A horizontal cross-section 

facilitates an even rate of water advance down the longitudinal 

slope.  

Ç Border strips can vary from 3-30 m in width and from 60-800 m in 

length.  

Ç They are separated by parallel dykes or border ridges. 

Ç Normally water is let onto the border strip from the canal through 

intakes, which can be constructed with gates on the wall of the 

canal or, when unlined canals are used, by temporarily making an 

opening in the canal wall. 
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Figure 12. Example of a border strip irrigation systems 
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Figure 13. Tree crops irrigated by border strip irrigation systems 
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 Basin Irrigation 

Ç A basin is a horizontal area of land surrounded by earthen bunds 

and totally flooded during irrigation. Basin irrigation is the most 

common type of surface irrigation.  

Ç It is particularly used in rice cultivation, where the fields are 

submerged. 

Ç It is also used for the leaching of salts by deep percolation in the 

reclamation of saline soils. 

Ç Flooding should be done using a large stream size that advances 

quickly in order for water to spread rapidly over the basin. 
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Figure 14a. Direct method of water supply to the basins with a drainway 
midway ōŜǘǿŜŜƴ ǎǳǇǇƭȅ ŎŀƴŀƭǎΦ ά.ŀǎƛƴ ŀέ ƛǎ ƛǊǊƛƎŀǘŜŘΣ ǘƘŜƴ ά.ŀǎƛƴ ōέΣ ŀƴŘ ǎƻ 

on. 
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Figure 14b. Cascade method of water supply to the basins with a tier 
arrangement. Ideal on terraced land, where water is supplied to the highest 

basin, and then allowed to flow to a lower basin and so on. 



39 Figure 15a. Examples of basin irrigation in Greece  



40 Figure 15b. Examples of basin irrigation in Greece  
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Sprinkler Irrigation 

×A sprinkler irrigation system consists of a pipe network, through 

which water moves under pressure before being delivered to the 

crop via sprinkler nozzles.  

×The system basically simulates rainfall in that water is applied 

through overhead spraying. Therefore, these systems are also 

known as overhead irrigation systems.  

×The water distribution of certain sprinkler systems is affected to 

a large extent by the wind patterns and velocity in a particular 

area. 
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Ç Sprinkler irrigation systems are suitable for most crops, except 

those whose leaves may be sensitive to prolonged contact with 

water.  

Ç They are generally suitable for light, frequent irrigations, unlike 

most surface irrigation systems. 

Ç They have a large component of built-in management in that it is 

easy to apply the exact amount of water that one requires, unlike 

surface irrigation systems where the depth of irrigation desired at a 

given time can not be accurately applied.  

Ç They require much less labour than surface irrigation systems.  

Ç In contrast to these advantages, sprinkler irrigation systems are 

relatively high energy demanding and require fairly good water 

quality. These systems are also susceptible to windy conditions. 
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There are several types of sprinkler irrigation systems, which can 

be broadly sub-divided into two groups:  

1. Set systems, which operate with sprinklers in a fixed 

position, for some time at least, and  

2. Continuous move systems, which operate while moving. 
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 Set systems 

Ç Set systems can be further divided according to whether or not 

sprinklers should be moved through a series of positions during the 

course of irrigating a field.  

Ç Those systems that must be moved are called periodic-move systems 

and those that do not require any movement are called fixed 

systems. 

Ç Periodic-move systems can be further divided according to the 

method of movement of sprinklers and laterals into hand-move 

systems, where laterals and sprinklers are moved manually, and 

mechanically-move systems, where the movement is done by 

mechanical means.  



45 

 Set systems ς Periodic move 
The hand-move lateral systems are comprised of either portable or 

buried mainlines, sub-mainlines and hydrant valves at intervals for 

connecting the laterals.  

Hand-move lateral systems normally 

utilize quick-coupling laterals that are 

moved from one hydrant position to 

another by hand.  

Therefore, they are labour-intensive 

compared to other sprinkler irrigation 

systems. Hand-move systems are 

adapted to irregular field shapes, fairly 

steep topographies and are suitable for 

most field crops.  
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 Set systems ς Fixed 
Fixed sprinkler irrigation systems are Ψƻƴ and off Ω in terms of their 
operation and therefore require very little labour. However, they do 
require high capital investment.   
Fixed systems can be automated, in which case the automatic control 
system can be programmed for irrigation.  
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Figure 16. Examples of sprinkler irrigation (set systems) in 
Greece  
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 Continuous move systems 

Continuous-move systems have motorized laterals or sprinklers, which 

irrigate and move continuously at the same time.  

Their innovation was prompted by the need to minimize labour inputs. 

There are three types of continuous move systems: 

I. Centre pivot,  

II. Linear moving laterals and  

III. Traveler or άDǳƴέ sprinkler. 
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 Center pivot 
Ç The center pivot system consists of a pipe lateral mounted on steel 

towers. The fixed end of the lateral, the pivot, is connected to a water 
supply.  

Ç The pipe carries different sizes of impact, spinner or spray sprinklers. 
The steel towers, also called spans, have wheels that rotate continuously 
around a center pivot point.  

Ç The speed of movement varies from tower to tower. The closer the 
tower is to the center of the pivot the slower the wheels move. 

Ç Centre pivots vary in length depending on the design area and can 
irrigate up to 120 ha.  

Ç Centre pivots vary in height; they can be of low, standard or high 
clearance (from 3-5 m). 

Ç The low per hectare cost of large center pivot systems, the limited 
labour requirements and the low energy requirements of pivot systems 
using spray nozzles are the main reasons for the popularity of these 
systems. 
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Figure 17. Picture and operational sketch for a center pivot 
equipped with a corner watering system  
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Figure 18. Examples of center pivot irrigation systems 
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 Linear-move laterals 

V Linear-move systems are similar to center pivots except that instead of 

the water being supplied from a central point and the lateral rotating 

around that point, a water supply system, is provided over the whole 

length, along which the lateral travels.  

V Therefore, the lateral travels linearly as it irrigates.  

V As a result this system irrigates rectangular fields. 

V This system has to be brought back to the starting point once it reaches 

the end of the irrigated field.  
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Figure 19a. Examples of linear-move laterals irrigation systems in 
Greece  
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Figure 19b. Examples of linear-move laterals irrigation systems in 
Greece  



55 

 ¢ǊŀǾŜƭŜǊ ƻǊ άDǳƴέ ǎǇǊƛƴƪƭŜǊ 

Ç  Traveler systems consist of a large sprinkler, commonly referred to 

as a άƎǳƴΣέ mounted on a moving cart.  

ÇWater is supplied to the cart by a hose. With early designs the cart 

was connected to a cable and winch system which was attached to an 

anchor. The winch, which was powered by water pressure, retracted 

the cable pulling the cart across the field.  

Ç A large spool is anchored at one end of a travel lane. The spool 

rotates winding up the hose and pulling the cart toward the spool. 

Whether connected by cable or hose, the spool assembly is designed 

to provide a nearly constant travel velocity. 
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The following procedure is typical for the way such a system is operated, 
step by step: 
1. The tractor, hose reel and irrigating unit are harnessed in that order 

along the tow-path 
2. The cable is anchored at one end of the field 
3. The tractor is driven to the hydrant 
4. The hose is then connected to the hydrant 
5. Unwinding of the cable and hose are then done by driving the tractor 

to the other end of the field 
6. The next step is to disconnect the hose 
7. The hose reel and the irrigating unit are then brought back to the first 

position 
8. The hose is attached to the irrigating unit and the unit is also 

detached from the hose reel 
9. The hose reel trailer is then driven to the position where the cable is 

anchored 
10. The pumping station should then be started 
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CƛƎǳǊŜ нлΦ tƛŎǘǳǊŜ ŀƴŘ ƻǇŜǊŀǘƛƻƴŀƭ ǎƪŜǘŎƘ ƻŦ ǘǊŀǾŜƭŜǊ ƻǊ άƎǳƴέ 
irrigation system 
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CƛƎǳǊŜ нмΦ 9ȄŀƳǇƭŜǎ ƻŦ ǘǊŀǾŜƭŜǊ ƻǊ άƎǳƴέ ǎǇǊƛƴƪƭŜǊ ƛǊǊƛƎŀǘƛƻƴ 
systems in Greece  
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Localized or micro-irrigation systems 

Localized irrigation is a system for supplying filtered water (and 

fertilizer) directly onto or into the soil. The water is distributed under 

low pressure through a pipe network, in a pre-determined pattern, and 

applied as a small discharge to each plant or adjacent to it. There are 

three main categories of localized irrigation: 

Ç Drip irrigation, where drip emitters are used to apply water slowly 

to the soil surface 

ÇMicro - sprinkler irrigation, where water is sprayed to the soil near 

individual trees and 

Ç Subsurface drip irrigation, where emitters apply water directly in 

the plant root zone. 
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ÇA localized irrigation system consists of the head of the system 

that filters and controls the supply of water and fertilizers to the 

network, the plastic buried pipes that supply the water to the 

laterals, the polyethylene laterals, usually 16-20 mm in diameter, 

that supply the water to the emitters, and the emitters that 

discharge the water to the pre-determined points and at pre-

determined flows. 

Ç It is a capital-intensive system with built-in management that 

requires very little but skilled labour. 
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Figure 22a. Basic components of a localized or micro-irrigation 
systems 
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Figure 22b. Basic components of a localized or micro-irrigation 
systems 
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Advantages of localized irrigation 

× The evaporative component of evapotranspiration is reduced, as 

only a limited area of the soil is wetted. This is more prevalent with 

young trees. 

× The limited wetted area results in reduced weed growth. 

× The slow rate of water application improves the penetration of 

water into problematic soils.  

῝ The higher degree of inbuilt management that localized irrigation 

offers reduces substantially deep percolation and runoff losses, thus 

attaining higher irrigation efficiencies. Consequently, localized 

irrigation is considered as a water-saving technology. 
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× The very frequent irrigation attainable through localized irrigation 

systems results in more diluted salts in the soil moisture solution 

and pushes (leaches) these salts to the sides of the wetted volume 

of the soil. Hence, water of higher salt content can be used with 

these systems. 

× The moisture availability to the plant at low soil tension results in 

faster growth, higher yields and better quality. 
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× Since fertilizers can be injected into the system in a controlled 

manner, fertilizer losses can be substantially reduced under 

localized irrigation. 

× The controlled water and fertilizer application, attainable with 

localized irrigation, makes these systems more environmentally and 

health friendly. 
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Disadvantages of localized irrigation 

ü Localized systems are prone to clogging because of the very small 

aperture of the water emitting devices. Hence the need for proper 

filtration and, at times, chemigation. 

ü The movement of salts to the fringes of the wetted area of the soil may 

cause salinity problems through the leaching of salts by rain to the main 

root volume. This can be avoided if the system is turned on when it rains, 

especially when the amount of rain is not enough to leach the salts 

beyond the root zone depth.  

ü For crops of very high population density, the system may be uneconomic 

because of the large number of laterals and emitters required. 
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Ç Drip irrigation (DI) is a form of irrigation that saves water and 

fertilizer by allowing water to drip slowly to the roots of many 

different plants, either onto the soil surface or directly onto the root 

zone, through a network of valves, pipes, tubing, and emitters. It is 

done through narrow tubes that deliver water directly to the base of 

the plant. 

Ç Discharge rates are generally less than 8 liter per hour (8 l/h) for 

single-outlet emitters and 12 liter per hour per m (12 l/h/m)  for line 

source emitters.  
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Ç During the last 40 years, the interest and uses of DI have increased 

significantly as understanding of this irrigation/fertigation method 

improved.  

Ç Plastic materials availability, manufacturing processes, emitter designs, 

and fertilizer improvement have also increased the use of DI.  

Ç Specific installation equipment, components, and guidelines have 

further been developed, resulting in more consistent system 

installation and retrieval, improved performance, and longer life.  

Ç The use of DI is increasing rapidly in areas where water conservation is 

important or water quality is poor and high economic yields are 

expected.  

Ç Drip irrigation performs best when intensive and accurate 

management of water and nutrients are used.  



Figure 23a. Examples of drip irrigation systems 
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Figure 23b. Examples of drip irrigation systems in Greece  
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Figure 23c. Examples of drip irrigation systems in Greece  


