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Abstract 
Sustainable water management becomes most important under climate change. Water use efficiency is 

unique technique to produce more food by using minimum water and reducing water losses. Farmers 

across the world are having limited water resource and agricultural production is only possible on water 

because climatic change has many impacts on production and productivity of agricultural crop 

production. There is urgent need to adopt a new water management techniques likes change in irrigation 

scheduling, development of water efficient techniques, estimate and measurement of soil water, 

fertigation and use of drip irrigation etc. Still many regions across the world are not even adopt the 

primary irrigation methods which are most efficient and effective, mostly using under irrigated crop 

production. Climate change has a greater impacts on water resources of both surface and ground water. 

Under changing climatic conditions ground water exploitation has been already increased and water 

resources are depleting day by day. India will face a greater water scarcity in the near future which is 

almost double the present status. So, we need a new sustainable water management techniques those are 

most effective and applicable across the agriculture sector all over the world. 
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1. Introduction 

Water is considered as the most critical resource for sustainable agricultural development 

worldwide. Irrigated areas will increase in forthcoming years, while fresh water supplies will 

be diverted from agriculture to meet the increasing demand of domestic use and industry. 

Furthermore, the efficiency of irrigation is very low, since less than 65 % of the applied water 

is actually used by the crops. The sustainable use of irrigation water is a priority for agriculture 

in arid areas. So, under scarcity conditions and climate change considerable effort has been 

devoted over time to introduce policies aiming to increase water efficiency based on the 

assertion that more can be achieved with less water through better management. Better 

management usually refers to improvement of water allocation and/or irrigation water 

efficiency. The former is closely related to adequate pricing, while the latter depends on the 

type of irrigation technology, environmental conditions and the scheduling of water 

application. Agricultural practices, such as soil management, irrigation and fertilizer 

application and disease and pest control are related with the sustainable water management in 

agriculture and protection of the environment. Socio-economic pressures and climate change 

impose restrictions to water allocated to agriculture. The adoption of sustainable water 

management in Mediterranean is not only a technological problem but involves many other 

considerations relative to social behavior of rural communities, the economic constrains, or the 

legal and institutional framework that may favor the adoption of some measures and not 

others. Sustainable water management in agriculture, which has a multi-functional role, can be 

achieved by adopting improvements in irrigation application, soil and plant practices, water 

pricing, reuse of treated wastewater, farmers’ participation in water management and capacity 

building. 

Water is considered as the most critical resource for sustainable development in most 

Mediterranean countries. It is essential not only for agriculture, industry and economic growth, 

but also it is the most important component of the environment, with significant impact on 

health and nature conservation. Currently, the rapid growth of population along with the 

extension of irrigation agriculture, industrial development and climate change, are stressing the 

quantity and quality aspects of the natural system. Because of the increasing problems, man 

has begun to realize that he can no longer follow a "use and discard" methodology either with 

water resources or any other natural resource. As a result, the need for a consistent policy of 
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rational management of water resources has become evident. 

Global irrigated area has increased more than six fold over the 

last century, from approximately 40 million hectares in 1900 

to more than 260 million hectares (Postel, 1999; FAO, 1999) 
[9]. Today 40% of the world’s food comes from the 18% of the 

cropland that is irrigated. Irrigated areas increase almost 1% 

per year (Jensen, 1993) and the irrigation water demand will 

increase by 13.6% by 2025. On the other hand 8-15% of fresh 

water supplies will be diverted from agriculture to meet the 

increased demand of domestic use and industry. Furthermore 

the efficiency of irrigation is very low, since only 55% of the 

water is used by the crop. To overcome water shortage for 

agriculture is essential to increase the water use efficiency and 

to use marginal waters (reclaimed, saline, drainage) for 

irrigation. 

 

2. Water and agricultural production  

Agriculture currently uses about 70% of the total water 

withdraw, mainly for irrigation. Although irrigation has been 

practiced for millennia, most irrigated lands were introduced 

in the 20th century. The intensive irrigation could provide for 

the growth of irrigated areas and guarantee increased food 

production. In the 1980s, the global rate of increase in 

irrigated areas slowed considerably, mainly due to very high 

cost of irrigation system construction, soil salinization, the 

depletion of irrigation water-supplying sources, and the 

problems of environmental protection. However, as the 

population is growing at a rapid rate, irrigation is being given 

an important role in increasing land use and cattle-breeding 

efficiency. Thus, irrigated farming is expected to expand 

rapidly in the future with subsequent increase of water use for 

irrigation. Irrigation is not sustainable if water supplies are not 

reliable. Especially in areas of water scarcity the major need 

for development of irrigation is to minimize water use. Effort 

is needed to find economic crops using minimal water, to use 

application methods that minimize loss of water by 

evaporation from the soil or percolation of water beyond the 

depth of root zone and to minimize losses of water from 

storage or delivery systems. Nowadays, during a period of 

dramatic changes and water resources uncertainty there is a 

need to provide some support and encouragement to farmers 

to move from their traditional high-water demand cropping 

and irrigation practices to modern, reduced demand systems 

and technologies. Under scarcity conditions considerable 

effort has been devoted over time to introduce policies aiming 

to increase water efficiency based on the assertion that more 

can be achieved with less water through better management. 

Better management usually refers to improvement of 

allocative and/or irrigation water efficiency. The former is 

closely related to adequate pricing, while the latter depends on 

the type of irrigation technology, environmental conditions 

and on scheduling of water application. 

 

3. Sustainable water management in agriculture  

Sustainable water management in agriculture aims to match 

water availability and water needs in quantity and quality, in 

space and time, at reasonable cost and with acceptable 

environmental impact. Its adoption involves technological 

problems, social behaviour of rural communities, economic 

constrains, legal and institutional framework and agricultural 

practices. Under water demand management most attention 

has been given to irrigation scheduling (when to irrigate and 

how much water to apply) giving minor role to irrigation 

methods (how to apply the water in the field). Many 

parameters like crop growth stage and its sensitivity to water 

stress, climatic conditions and water availability in the soil 

determine when to irrigate or the so-called irrigation 

frequency. However, this frequency depends upon the 

irrigation method and therefore, both irrigation scheduling 

and the irrigation method are inter-related. 

 

A. Localized irrigation  

Localized irrigation is widely recognized as one of the most 

efficient methods of watering crops (Keller and Blienser, 

1990) [17] Localized irrigation systems (trickle or drip 

irrigation, micro-sprayers) apply the water to individual plants 

by means of plastic pipes, usually laid on the ground surface. 

With drip irrigation water is slowly applied through small 

emitter openings from plastic pipes with discharge rate ≤ 12 

l/h. With micro-sprayer (micro-sprinkler) irrigation water is 

sprayed over the part of the soil surface occupied by the plant 

with a discharge rate of 12 to 200 l/h. The aims of localized 

irrigation are mainly the application of water directly into the 

root system under conditions of high availability, the 

avoidance of water losses during or after water application 

and the reduction of the water application cost (less labor). 

Studies in diverse countries as India, Israel, Spain and United 

States have consistently shown that drip irrigation reduces 

water use by 30 to 70% and raises crop yields by 20 to 90%. 

Drip irrigation’s combination of water savings and higher 

yields typically increases at least by 50% the water use 

efficiency, yield per unit water and makes it a leading 

technology in the global challenge of boosting crop 

production in the face of serious water constrains. 

 

B. Irrigation scheduling  

Irrigation scheduling is the decision making process for 

determining when to irrigate the crops and how much water to 

apply. It forms the sole means for optimizing agricultural 

production and for conserving water and it is the key to 

improving performance and sustainability of the irrigation 

systems. It requires good knowledge of the crops' water 

requirements and of the soil water characteristics that 

determine when to irrigate, while the adequacy of the 

irrigation method determines the accuracy of how much water 

to apply. In most cases, the skill of the farmer determines the 

effectiveness of the irrigation scheduling at field level. With 

appropriate irrigation scheduling deep percolation and 

transport of fertilizers and agro-chemicals out of the root-zone 

is controlled, water-logging is avoided, less water is used 

(water and energy saving), optimum soil water conditions are 

created for plant growth, higher yields and better quality are 

obtained and rising of saline water table is avoided. In water 

scarce regions, irrigation scheduling is more important than 

under conditions of abundant water, since any excess in water 

use is a potential cause for deficit for other users or uses. A 

brief description of irrigation scheduling techniques with 

reference to their applicability and effectiveness are reported 

below. 

 

C. Soil water estimates and measurements 

Soil water affects plant growth directly through its controlling 

effect on plant water status. There are two ways to assess the 

availability of soil water for plant growth: by measuring the 

soil water content and by measuring how strongly that water 

is retained in the soil (soil water potential). The accuracy of 

the information relates to the sampling methods adopted and 

to the selection of locations where point observations are 
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performed due to the soil water variability both in space and 

depth. Soil water estimates and measurements used for 

irrigation scheduling include: soil appearance and feel, soil 

water content measurement (TDR), soil water potential 

measurement (tensiometers, soil spectrometers and pressure 

transducers), remotely sensed soil moisture.  

 

D. Crop stress parameters 

 Instead of measuring or estimating the soil water parameters, 

it is possible to get a signal from the plant itself indicating the 

time of irrigation but not defining the irrigation depths. This 

message can either come from individual plant tissues, where 

a correct sampling is required, or from the canopy as a whole. 

Therefore, crop stress parameters are useful when irrigation 

depths are predefined and kept constant during the irrigation 

season. Crop water stress parameters include leaf water 

content and leaf water potential, changes in stem or fruit 

diameter, sap flow measurement, canopy temperature, remote 

sensing of crop stress (Deumier et al., 1996; Idso et al., 1981; 

Jackson et al., 1981; Itier et al., 1993) [8, 13, 15, 15, 14].  

 

E. Climatic parameters 

Climatic parameters are widely used for local or regional 

irrigation schemes. Weather data and empirical equations that, 

once they are locally calibrated, provide accurate estimates of 

reference evapotranspiration (ETo) for a given area are used. 

Then, crop evapotranspiration (ETc) is estimated using 

appropriate crop coefficients. Information may be processed 

in real time or, more often, using historical data. These 

techniques include evaporation measurements for ETo 

calculation, assessment of crop evapotranspiration using 

climatic data (air temperature, RH, wind speed, sunshine 

hours) (Allen et al., 1998) and remote sensed ET. 

 

F. Soil – water balance  

The aim of soil water balance approach is to predict the water 

content in the rooted soil by means of a water conservation 

equation: Δ (AWC × Root depth) = Balance of entering + 

outgoing water fluxes, where AWC is the available water 

content. Soil water holding characteristics, crop and climate 

data are used by sophisticated models to produce typical 

irrigation calendars. This approach can be applied from 

individual farms to large regional irrigation schemes. 

However, it needs expertise, support by strong extension 

services or links with information systems. Its effectiveness is 

very high, but depends on farm technological development 

and/or support services. Examples of commercial software for 

irrigation scheduling based on soil-water balance approach 

are IMS (Hess, 1996) [10], Markvand, Saltmed SIMIS (FAO, 

1999b) [9]. 

 

G. Effective irrigation scheduling 

It is recognized that appropriate irrigation scheduling should 

lead to improvements in irrigation management performance, 

especially at farm level. The farmer should be able to control 

the timing and the depth or volume of irrigation. However, the 

practical application of the techniques and methods has been 

far below expectations. The dependence on a collective 

system implies social, cultural and policy constraints. The 

main constrains are the lack of flexibility, either due to rigid 

schedules or the system limitations, the non-economic pricing 

of water (price covers less than 30% of the total cost), the  

high cost of irrigation scheduling (either for technology 

and/or labour), the lack of education and training of the 

farmers, the institutional problems, the behavioural 

adaptation, the lack of interactive communication between 

research, extension and farmers and finally the lack of 

demonstration and technology transfer. The effective 

application of any irrigation scheduling method and effective 

implementation of the corresponding delivery schedule are 

subject to the physical capability of the collective system for 

delivering water according to this schedule and to the capacity 

of the management for operating the system properly. 

 

H. Fertigation  

The application of fertilizers through the irrigation system 

(fertigation) became a common practice in modern irrigated 

agriculture. Localized irrigation systems, which could be 

highly efficient for water application, are also suitable for 

fertigation. Thus, the soluble fertilizers at concentrations 

required by crops are applied through the irrigation system to 

the wetted volume of the soil. Possible disadvantages include 

the non-uniform chemical distribution when irrigation design 

or operation are inadequate, the over-fertilization in case that 

irrigation is not based on actual crop requirements and the 

excessive use of soluble fertilizers.  

 

I. Deficit irrigation practices  

In the past, crop irrigation requirements did not consider 

limitations of the available water supplies. The irrigation 

scheduling was then based on covering the full crop water 

requirements. However, in arid and semi-arid regions 

increasing municipal and industrial demands for water reduce 

steadily water allocation to agriculture. Thus, water 

availability is usually limited, and certainly not enough to 

achieve maximum yields. Then, irrigation strategies not based 

on full crop water requirements should be adopted for more 

effective and rational use of water. Such management 

practices include deficit irrigation, partial root drying and 

subsurface irrigation. 

 

J. Subsurface Drip Irrigation  

Subsurface drip irrigation (SDI) is a low-pressure, low 

volume irrigation system that uses buried tubes to apply 

water. The applied water moves out of the tubes by soil 

matrix suction. Wetting occurs around the tube and water 

moves out in the soil all directions. The potential advantages 

of SDI are: a) water conservation, b) enhanced fertilizer 

efficiency, c) uniform and highly efficient water application, 

d) elimination of surface infiltration problems and 

evaporation losses, e) flexibility in providing frequent and 

light irrigations, f) Reduced problems of disease and weeds, 

g) lower pressure required for operation. The main 

disadvantages are the high cost of initial installation and the 

increased possibility for clogging, especialy when poor 

quality water is used. Subsurface irrigation is suitable for 

almost all crops, especially for high value fruit and 

vegetables, turfs and landscapes. A large variety of tubes are 

available in the market from PE tubes with built-in emitters or 

porous tubes that ooze water out the entire length of the tube. 

The tube is installed below the soil surface either by digging 

the ditches or by special device pulled by a tractor. The depth 

of installation depends upon soil characteristics and crop 

species ranging from 15-20 cm for vegetables and 30-50 cm 

for tree crops. 

 

K. Agricultural Practices  

Agricultural practices, such as soil management, fertilizer 
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application, and disease and pest control are related with the 

sustainable water management in agriculture and the 

protection of the environment. Agricultural practice today is 

characterized by the abuse of fertilizers. Farmers very rarely 

carry out soil and leaf analyses in order to clarify the proper 

quantity and type of fertilizer needed for each crop and they 

apply them empirically. This practice increases considerably 

the cost of agricultural production and is potentially critical 

for the deterioration of the groundwater quality and the 

environment. Agrochemicals (herbicides and pesticides) are 

also excessively used, endangering the quality of the surface 

water and negatively affecting the environment. Plant-

protection products (pesticides) are often used preventively, 

even when there is not real threat in the area. There is a large 

variety of traditional and modern soil and crop management 

practices for water conservation (runoff control, improvement 

of soil infiltration rate, increase soil water capacity, control of 

soil water evaporation) and erosion control in agriculture, 

some of which apply also for weed control. Effort should be 

made in their rational use of chemicals for pest and weed 

control in order not to further pollute the environment. The 

soil management consists of: Soil surface tillage, which 

concerns shallow tillage practices to produce an increased 

roughness on the soil surface permitting short time storage in 

small depressions of the rainfall in excess to the infiltration. 

Contour tillage, where soil cultivation is made along the land 

contour and the soil is left with small furrows and ridges that 

prevent runoff. This technique is also effective to control 

erosion and may be applied to row crops and small grains 

provided that field slopes are low. Bed surface profile, which 

concerns cultivation of wide beds and is typically used for 

horticultural row crops. Conservation tillage, including no-

tillage and reduced tillage, where residuals of the previous 

crop are kept on the soil at planting. Mulches protect the soil 

from direct impact of raindrops, thus controlling crusting and 

sealing processes. Conservation tillage helps to maintain high 

levels of organic matter in the soil thus it is highly effective in 

improving soil infiltration and controlling erosion. Mulching 

with crop residues on soil surface which shades the soil, slows 

water overland flow, improves infiltration conditions, reduces 

evaporation losses and also contributes to control of weeds 

and therefore of non-beneficial water use. Increasing or 

maintaining the amount of organic matter in the upper soil 

layers, since it provides for better soil aggregation, reduced 

crusting or sealing on soil surface and increased water 

retention capacity of the soil. Addition of fine material or 

hydrophilic chemicals to sand/coarse soils. This technique 

increases the water retention capacity of the soil and controls 

deep percolation. Thus, water availability in soils with low 

water holding capacity is increased. Control of acidity by 

liming, similarly to gypsum application to soils with high pH. 

This treatment favors more intensive and deep rooting, better 

crop development and contributes to improved soil 

aggregation, thus producing some increase in soil water 

availability. Adoption of appropriate weed control techniques 

to alleviate competition for water and transpiration losses by 

weeds. 

 

4. Recommendations for Best Irrigation Practices  

The major agricultural use of water is for irrigation and its 

supply is decreasing steadily due to competition with 

municipal and industrial sectors. Therefore, technological, 

managerial, policy innovation and human resources 

management are needed to increase the use efficiency of the 

available water. Sustainable water management in agriculture 

can be achieved by: Reduction of water losses in the 

conveyance, distribution and application networks. Water 

leakages should be detected via advanced technologies, e.g. 

telemetry systems, GIS, remote sensing. Old water projects 

experiencing considerable water losses should be rehabilitated 

and modernized. Improve the efficiency of irrigation system 

used. Improvements in sprinkler irrigation systems (efficiency 

up to 85%) include the adoption or correction of sprinkler 

spacing, the design for pressure variation not exceeding 20% 

of the average sprinkler pressure, the use of pressure 

regulators in sloping fields, the monitoring and adjustment 

pressure equipment, application of irrigation during no windy 

periods, adoption of smaller spacing and large sprinkler drops 

and application rates in windy areas, the adoption of 

application rates smaller than the infiltration rate of the soil 

and careful system maintenance. In water scarce regions 

irrigation approaches not necessarily based on full crop water 

requirements like regulated deficit irrigation (RDI) or 

subsurface irrigation (SSI) must be adopted. Fertigation 

(efficient fertilizer application) and chemigation (easy control 

of weeds and soil born diseases) should also be promoted. 

Water pricing policy. For proper water pricing volumetric 

water metering and accounting procedures are recommended. 

Progressive, seasonal and over-consumption water tariffs as 

well as temporary drought surcharges rates contribute to water 

savings and should be promoted. Furthermore, an increasing 

block tariff charging system, that discourages water use levels 

exceeding crop’s critical water requirements, must me 

established. It will be the basis for promoting conservation, 

reducing losses and mobilizing resources. Furthermore, it 

could affect cropping patterns, income distribution, efficiency 

of water management, and generation of additional revenue, 

which could be used to operate and maintain water projects. 

Reuse of marginal waters (reclaimed or brackish) for 

irrigation. Reclaimed waters can be used under some 

restriction for irrigation of tree, row and fodder crops. In 

addition to water they provide the soil with nutrients, 

minimizing the inorganic fertilizer application. Treated 

sewage is looked upon with skepticism by farmers. They 

instead prefer to use surface and/or groundwater. Special 

effort should be given in educating farmers to accept treated 

sewage. In addition the tariff for this source of water should 

be lower than the tariff of the primary sources. This may not 

be difficult to achieve because the primary and secondary 

levels of treatment are regarded as sunk costs since they are 

required by the new WFD. When using low quality water for 

example brackish or saline water an integrating approach for 

water, crop (salt tolerant varieties) field management (suitable 

tillage) and irrigation system (adequate leaching, suitable 

devices) should be considered. Wider and more effective 

participation of the public, NGOs and end users for the 

preparation of the plans, in decision-making, in monitoring 

the implementation and generally in the management of 

water. The participation of these groups in the above 

processes safeguards the acceptability of the plans by the 

general public, raises support on the part of the body politics 

and promotes success in possible conflict resolutions. 

 

5. Conclusion 

Improvements in localized irrigation systems (Efficiency  

95%) aiming to reduce the volumes of water applied and 

increase the water productivity include the use of a single drip 

line for a double row crop, the use of micro-sprayers in high 
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infiltration soils, the adjustment of duration of water 

application and timing to soil and crop characteristics, the 

control of pressure and discharge variations, the use of 

appropriate filters to the water quality and the emitter 

characteristics used, the adoption of careful maintenance and 

automation. Increase water use efficiency. Can be achieved 

with the obligatory use of localized irrigation systems by the 

farmers (with or without subsidies), the proper irrigation 

scheduling according to actual needs of the crops, the 

establishment of a system for advising farmers on their 

irrigation schedules, the introduction of appropriate 

agronomical practices and the application of salinity 

management techniques. Adoption of innovative irrigation 

techniques. 
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