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The sustainability of irrigated agriculture is threatening due to adverse climate change, given future projections
that every one in four people on Earth might be suffering from extreme water scarcity by the year 2025.
Pressurized irrigation systems and appropriate irrigation schedules can increase water productivity (i.e., product
yield per unit volume of water consumed by the crop) and reduce the evaporative or system loss of water as
opposed to traditional surface irrigation methods. However, in water-scarce countries, irrigation management
frequently becomes a complex task. Deficit irrigation and the use of non-conventional water resources (e.g.,
wastewater, brackish groundwater) has been adopted in many cases as part of a climate change mitigation
measures to tackle the water poverty issue. Protected cultivation systems such as greenhouses or screenhouses
equipped with artificial intelligence systems present another sustainable option for improving water productivity and
may help to alleviate water scarcity in these countries. This article presents a comprehensive review of the
literature, which deals with sustainable irrigation for open-field and protected cultivation systems under the impact

of climatic change in vulnerable areas, including the Mediterranean region.

evapotranspiration water use efficiency protected cultivation precision agriculture

screenhouses

The present report summarizes sustainable irrigation management guidelines in water-scarce regions. In
particular, as climate change are increase the intensity and frequency of extreme events; more resilience from
people and society is required. Over the longer term, intensive drought events, water scarcity, overexploitation of
groundwater resources and water quality issues remains much-less the same between regions in arid and semi-
arid climate. Several countries have already developed extensive legislation, institutional capabilities actions and

practices that are required for the effective climate change adaptation. Good irrigation and water management
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practices are highlighted with the aim of transferring knowledge in regions which are in the stage of developing
national schemes regarding water productivity optimization. It has to be noted that no individual measure or action

could effectively tackle water scarcity issue.

| 1. Introduction

It is projected that by 2080, net crop water requirements will increase globally by 25% despite the increased
irrigation efficiency, attributed to changes in precipitations patterns, global warming, and extended crops’ growing
periods [, Nowadays, extreme weather events such as frost, hail, heat waves, percentile of precipitation, and
drought periods affected global food security, limiting rain-fed and irrigated agricultural crop production potential &
B4, Mediterranean countries have been identified globally as climate change “hot spot” areas where the
occurrence of hot extremes is expected to increase by 200 to 500% due to elevated greenhouse gas emissions 8
[, Indeed, crop water demands are relatively high, especially in arid and semi-arid areas, due to high radiation
load observed throughout a year, but also in more temperate and sub-tropical zones as periodic drought
phenomena and heat waves often occur . Reference evapotranspiration (ETo; the sum of evaporation from the
soil and transpiration from a reference crop such as, e.g., grass or alfalfa) is expected to increase in many parts of
the world by 2055, increasing the total irrigation water needs €. In Spain, under Mediterranean climatic conditions,
irrigation water requirements are expected to increase between 40 to 250%, depending on the crop type by 2100
B In Cyprus, a typical water-scarce country with the highest water stress index among European countries, for the
period 2031-2060, the seasonal average temperature is expected to increase by up to 2°C for winter, 3°C for
summer, and 2.4°C for the transient seasons; in addition, a mean annual decrease in total precipitation of 5 to 15%
is expected 19, Actually, for a given type of soil and crop, both annual and seasonal rainfall variations are critical
for the estimation of a predictable water stress profile which can be addressed 12, For example, the phenological
behavior of rain-fed winter wheat (Triticum aestivum L.), which is considered to be an important crop grown in the
Mediterranean, is expected to be negatively affected by variations in rainfall patterns, resulting in yields reduction
(121 This is especially true as agricultural water demand is less flexible, while the supply is at or beyond the margin

of sustainability, so there is a limitation of crops’ abilities to absorb variations in the water supply 131,

Modernization of irrigation increases the water application efficiency. Converting from traditional surface
irrigation methods to closed pressurized pipe network systems could lead to as much as 90% of the total water
savings, as is the case of trickle irrigation 14, Therefore, the use of improved irrigation schemes was financially
supported through the World of Bank in low-income countries with the aim of reducing poverty. In the European
Union, improved irrigation systems are of the priority measures of the European Water Framework Directive for
achieving irrigation water sustainability 2. Nowadays, 40% of the world’s food comes from the 18% of the
cropland that is irrigated, while in several cases, high water application efficiency irrigation systems estimated to be
used in more than 95% of the total irrigated land as is the case of Cyprus 187 Qverall, in Mediterranean
countries, the irrigated area accounts for less than 40% [18l: however, in Germany, only 2% of the cropland area are
irrigated 1<,
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On the other hand, the traditional assumption that substantial water savings may obtain through the adoption
of new/improved technology irrigation systems are under controversy in some instances. This is a consequence of
higher irrigation systems’ application efficiency, which tends to increase their irrigated area, in addition to less
irrigation return flow back to the aquifers. Therefore, the total water consumption calculated on a basin scale
increased (13!, Similarly, climatic and economic implications of the modernizing irrigation system are related to the
high energy use and carbon emissions for extracting groundwater, pumping it, and distributing it in the appropriate
water quantity and pressure 29, In another occasion, the Chinese government is planning for the expansion of
irrigated areas by 4.4% until 2030 & under the concept that global irrigation patterns seem to alter climate with
some cooling effects observed near irrigated areas during the peak period of irrigation 2122 However, in the
Mediterranean region, soil salinization and land degradation are often associated with irrigated land [©I29,
Worldwide, it is estimated that by 2050, more than 50% of arable land will have soil quality issues, while at the

current time, about 10 million hectares are abandoned every year due to soil salinization 23,

In any case, irrigation scheduling frequently represents a difficult task to accomplish, resulting in significant
water losses 24, Traditionally, irrigation scheduling was based on growers’ perspective rather than on climatic
characteristics, soil properties, or plant indicators, resulting many times in over-irrigation of crops. Consequently,
water and nutrients depleted and potentially lead to groundwater contamination 2. Indeed, in the Salinas Valley of
California, irrigation of vegetables was estimated as 200% above actual crop evapotranspiration 28, In any case,
excessive irrigation is associated with the lack of root aeration and favors plant pathogens 4. However, it is
generally accepted that the use of evapotranspiration models in irrigation practice increases the efficiency of water
and nutrient application. In fact, in intensive production systems such as soilless culture systems, irrigation control
requires the estimation of crop evapotranspiration over short time intervals, e.g., in the basis of a few minutes 28],
Therefore, more sophisticated/complex irrigation monitoring systems are required with the aim of matching the
diurnal evapotranspiration fluctuation with water and nutrient supply. Even in the latter case, there is a need for

models’ recalibration under prevailing climatic conditions.

Agronomic practices such as “deficit irrigation” (i.e., irrigation application below evapotranspiration) save water
and enhance water use efficiency (WUE) of the crops as a result of an improved ratio of carbon fixation to water
consumption ratio 22, In addition, as biomass production and transpiration are tightly linked to each other and both
are facilitated by stomata pores, the effective use of water under limited water condition should be the aim of
maximum soil moisture capture with minimal water losses by stomata transpiration and soil evaporation 2%, Plastic
film mulching has been shown to decrease soil evaporation 2. In line, protected cultivation systems
(greenhouses, screenhouses) have been proved to have higher WUE values comparing with open-field cultivation
Bl |ndeed, peppers’ water requirements under the screen cover were found to be 38% lower than those of an
open-field crop affected by lower evapotranspiration rate (22 In addition, the water productivity (WP; the ratio of the
total value of production to total crop irrigation water supply, € m=3) of protected crops is much higher as opposed
to open-field crops’ due to the higher economic value of crops that are produced out of season 23], Katsoulas et al.
(34l have demonstrated that increasing the greenhouse cooling system capacity gives higher values in yield in both

in the Mediterranean and Central European countries.
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Rural areas are expected to experience major impacts of climate change on water availability and supply;
infrastructure and agricultural incomes; reduced agricultural production; and food security with socioeconomic
consequences, such as increasing poverty and migration. Farmers only recently start to adopt water-saving
practices and technological improvements in irrigation. The adoption is relatively low because in many cases, these
systems are of high cost and growers do not benefit directly by water saving 2. Thus, sustainable irrigation
adaptation to climate change in water-scarce regions should be implemented in terms of demand and supply

enhancement of water management, even though measures are often linked through the hydrological cycle.

Increasing the productivity of water, the use of non-conventional irrigation waters, crop diversification, and crop
rotation are some of the adaptation/mitigation measures discussed in the following. Reliable estimates of
consumptive use are especially needed for water allocation by policy makers at the basin scale and beyond and for
optimizing farm irrigation management under water scarcity. Anyhow, it is important to understand that
implementing sustainable irrigation in water-scarce regions will be feasible only by a combination of

measurements, rather than by individual actions.

| 2. Improving Irrigation Efficiency

The majority of irrigated land in the world is of the category surface irrigation. The field water application
efficiency of traditional surface irrigation methods such as, e.g., furrow, basin, or border strips (Figure 1) is
estimated to be as low as 40% [2¢l with excessive deep percolation losses and low water distribution uniformity 37,
However, in countries with the largest irrigated area, these methods are prevailing because they are low-cost and

easily implemented.
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Figure 1. Traditional surface irrigation method (furrow irrigation, (A)); open canal water distributing network (B).

Selecting the appropriate irrigation method will be advantageous to manage limited water supplies and
increase crop profitability (8. Nowadays, it is widely accepted that a pressurized irrigation system (PIS; an
installation under pressure network consisting of various pipes, valves, and fittings for supply water from the source

to the irrigable area) B2 has significantly higher water application efficiency values as opposed to traditional
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irrigation methods such as, e.g., furrow and border strips. PIS operate on demand, which allows for higher irrigation
frequency, optimization of crop irrigation scheduling, and cropping pattern diversification 3. The application of
fertilizers can also be optimized through fertigation (i.e., irrigation combined with fertilization). A typical arrangement
of PIS pipe layout and irrigation components indicated in Figure 2. The control head unit is considered to be the

most important part for measuring and appropriately treating the irrigation water 22,
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Figure 2. Layout components of a modernized pressurized irrigation system (PIS); supply pump (a); central control
head unit ((b) to (h)); pressure regulator and pressure relieve valve (b); air release valve (c); water meter (d); one-
way valve or a non-return valve (e); injection tank (f); pressure gauge (g); filtration unit (h); manifold and electric

valves (i); irrigation zone 1 and 2 irrigating crops with different water needs (121,122); irrigation controller (j).

Plastics, as the basic component of PIS, were first produced in British industry in 1935, even though the idea
of using plastic pipes for irrigation become feasible during the World War Il (1. Early advances in surface drip (i.e.,
trickle) irrigation technology, which is considered to be the most efficient irrigation method in terms of water use,
took place in Israel from the 1950s into the 1970s [22l although, according to Velasco-Mufioz et al. 42, drip
irrigation systems application was first recorded in Australia in the 1940s. Aside from the fact that the installation of
PIS remains costly and requires specific skills and knowledge to operate, it is still an important adaptive strategy to
reduce agricultural risk during times of drought 3. However, in humid areas, the application of PIS may not be
profitable if droughts are rare 4. Over the past decades, a significant shift to pressurized irrigation was observed,
with a significant component being micro-irrigation, including micro-sprays, mini-sprinklers, surface drip, and

subsurface drip irrigation systems (SDI) 4],
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Particularly, the field application efficiency is about 50-70% with sprinkler system and 80-90% with surface
drippers 43, That is because as drip irrigation system minimize water losses due to surface runoff and deep
percolation of water under difficult soil and terrain conditions [22]. Water is locally applied directly near to the root
zone in low application rates and pressure and enables the precise management of soil moisture. Due to the low
operating pressure of drippers (e.g., 100 kPa), the energy cost is also decreased compared to the sprinkler system
(e.g., micro-sprinkles 200 kPa, spray booms 500-600 kPa) B24l48] Thys, low pressure irrigation systems will
result in both water and economics savings 2. However, in such a case, it is important to assess water quality as
lower operating system pressure, increasing the possibility of clogging drippers 48, The appropriate selection of
filtration system based on the water source will ensure the good operating performance of irrigation systems
(Figure 3). In any case, drip irrigation can minimize the wetting of leaf surface and thus the risk of leaf sunburn and
crop diseases, while sprinkling result in wet leaves and mud splash 8. In addition, drip irrigation is preferable
when recycle water is used, as there is also minimization of the risk of pathogen movement to the crops. Choosing
the appropriate irrigation method should also take into consideration several factors such as the soil infiltration rate,
the system precipitation rate, and the quality of water. In any case, the main problem of PIS has to do with poor
hydraulic design, resulting in low field application water uniformities 49l Qi et al. BY concluded that the effects of
different irrigation water movement in soil crack closure and soil water storage efficiency were lower in drip
irrigation rather than in sprinkler or in surface irrigation. HYDRUS models have been repeatedly used in the

literature e.g., BUBAB3 for simulating irrigation soils’ water movement and other related options.
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Figure 3. Different types of filters; a hydrocyclone device used for water and sand separation (A); a sand—gravel
filter used for algae and organic matter removal, usually from an open water reservoir (B); a series of an automatic
disc filter system (C); a manual disc filter (D); an automatic self-cleaning filter with a self-cleaning backwash
mechanism (E).

Drip irrigation systems account for up to 90% application efficiency, and they have been used with success in
arid and semi-arid regions for vegetable production, forage crops, and maintenance of trees B4IB3I56] Yield of
onions almost doubled using SDI, allowing for more frequent irrigation with smaller depths of water 38, In
tomatoes, the most appropriate irrigation arrangement for optimum growth and production is considered to be SDI
with plastic film mulching, according to Wang et al. BZ. In any case, water savings of up to 20% were recorded in

olives under the SDI treatment as opposed to surface drip irrigation 58!,

In another occasion, irrigation sustainability may not always be in accordance with environmental
sustainability. Recent work raised a few controversial thoughts that policies of encouraging the adoption of more
efficient irrigation technology will potentially lead to the cultivation of more water-intensive crops on previously

marginal land, in addition to less irrigation water return flow to the watershed, a phenomenon known as “irrigation
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paradox” BB Fyrthermore, the irrigated area could be increased by 30-40% when shifting from furrow to

sprinkler and drip irrigation systems 42,

3. Measures for Sustainable Irrigation and Water
Management Recommendations in Water-Scarce Regions

« Adoption of improved high water application efficiency pressurized irrigation system. Frequent system

inspection and irrigation systems’ maintenance. Irrigation combined with fertilization should also be promoted,
» Appropriate irrigation scheduling based on local conditions,

o Application of low-cost commercial sensors and irrigation controllers (on-farm irrigation management and

control technologies); adopted by smallholding aged farmers with low level of technical education 1],

» Big data analysis and artificial intelligence system for implementing precision irrigation for new age farmers with

are familiar with technological improvements 62,

» Volumetric water metering and water pricing in each plot. Temporary drought surcharges rates for over-irrigating
crops should be promoted [26],

o Groundwater aquifer extraction should be protected appropriately. Drilling wells to access groundwater must

require a permission taking into account water quantity and quality issues,
« Adopting water prices that induce farmers to irrigate by night (3 in selected crops,

» Increasing the frequency of irrigation can be helpful for salinity management. Frequent irrigation requires high

labor inputs, therefore economic considerations usually favor automated or mechanized irrigation systems 641,
» Leaves wetted by sprinkling water absorbs salts directly; therefore, sprinkler irrigation at night is preferable,

e Reducing water evaporation from open reservoirs (Figure 4) using chemicals films and flooding objects and

reduce soil water evaporation with crop residues, plastic mulches etc,

» Enable growers to adopt cropping systems with recycling of the excess irrigation water. Re-use of drainage

water especially in large irrigation schemes 62!,
» Training growers in operation and management of water savings programs, such as deficit irrigation strategies,

» Selected drought resistant varieties, taking into consideration seasonal rainfall availability. The adaptation of

planting dates i.e., after a rainy season ensures more effective conditions for crop establishment [64],
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» Established on farm water storage capacities like reservoirs and tanks, for water harvesting, and reused it for

irrigation. Practices like terracing construction and small dams can be used to increase aquifer recharge 63!,

» Enhance the productive use of rainwater (Eigure 7) by supporting sustainable land management and farming

methods that increase soil organic matter and improve the water infiltration and water retention capacity of soil
(64]

» Develop an Agricultural Insurance Law that includes drought hazards, considering droughts as a natural
disaster, therefore developed a legislation to implement competencies and action of public institutions to face a

natural disaster 62,

» Protected cropping systems increasing the WUE values. Proper design and operation of climate control within
these structures under local conditions, ensures minimum operational cost, enable of controlling crop

evapotranspiration and drainage emissions without compromising yields,

e In rain-fed agriculture, enhanced production, and imports of food product through international trade. The
concept of ‘virtual water’ indicated that gains in water productivity can be achieved by growing crops in places
where climate enables high water productivity at lower cost and trading them to places with lower water
productivity. Although rarely expressed in water terms, virtual water trade is already a reality for many water-

scarce countries, and is expected to increase in the future 53],

» Increasing consumption of meat and, to a lesser extent, also dairy products translates into increased water
consumption, as their production requires large volumes of water. The extent to which societies are willing to
modify their diets as part of a larger effort to reduce their environmental footprint reaches far beyond water
scarcity concerns. Yet, it has implications in terms of national food security and associated water-scarcity coping

strategies 84,

» Reduction of water losses in the postharvest value chain (i.e., blue water footprints). Indeed, more than one-
third of food is lost or wasted in postharvest operations, therefore it could be a sustainable solution to reduce

the pressure on natural resources 63,

» Using newly accessible technologies and strategies to achieve high water use efficiency and to promote non-

conventional water resources (e.g., wastewater, salt-contaminated) in combination with soil fertility,
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Figure 4. Rain water harvesting and storage in open reservoir (A); water storage in a covered reservoir minimizing
water evaporation losses and algae growth (B); a commercial closed water reservoir (C); blended water from
different sources (D); a water supply main manifold of recycle water (E); localized irrigation and net protection in a

tree cropping system (F).

| 4. Conclusions

The present report summarizes sustainable irrigation management guidelines in water-scarce regions. In
particular, as climate change are increase the intensity and frequency of extreme events; more resilience from
people and society is required [£2l. Over the longer term, intensive drought events, water scarcity, overexploitation
of groundwater resources and water quality issues remains much-less the same between regions in arid and semi-
arid climate. Several countries have already developed extensive legislation, institutional capabilities actions and
practices that are required for the effective climate change adaptation. Good irrigation and water management

practices are highlighted with the aim of transferring knowledge in regions which are in the stage of developing
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national schemes regarding water productivity optimization. It has to be noted that no individual measure or action

could effectively tackle water scarcity issue.

References

1.

10.

Fischer, G.; Tubiello, F.N.; Van Velthuizen, H.; Wiberg, D.A. Climate change impacts on irrigation
water requirements: Effects of mitigation, 1990-2080. Technol. Forecast. Soc. Chang. 2007, 74,
1083-1107.

. Bisbis, M.B.; Gruda, N.S.; Blanke, M.M. Securing Horticulture in a Changing Climate-A Mini

Review. Horticulturae 2019, 5, 56.

. Yumurtaci, A. Utilization of wild relatives of wheat, barley, maize and oat in developing abiotic and

biotic stress tolerant new varieties. Emir. J. Food Agric. 2015, 27, doi:10.9755/ejfa.v27i1.17852.

. Teichmann, C.; Bulow, K.; Otto, J.; Pfeifer, S.; Rechid, D.; Sieck, K.; Jacob, D. Avoiding Extremes:

Benefits of Staying below +1.5 °C Compared to +2.0 °C and +3.0 °C Global Warming.
Atmosphere 2018, 9, 115, doi:10.3390/atmos11030302.

. Eitzinger, J.; Alexandrou, V.; Utset, A.; Saylan, L. Factors determining crop water productivity in

agricultural crop production-a Review. In Water Footprint Applications for Water Resource
Management in Agricultural; Marta, A.D., Nejedlik, R., Altobelli, F., Eds. Ital. J. Agrometeorol.
2015, 3, 15-29.

. Zachariadis, T. Climate Change in Cyprus, Review of the Impacts and Outline of an Adaptation

Strategy; Springer Briefs in Environmental Science; Springer International Publishing: Cham,
Switzerland, 2016. doi:10.1007/978-3-319-29688-3.

. Diffenbaugh, N.S.; Pal, J.S.; Giorgi, F.; Gao, X. Heat Stress Intensification in the Mediterranean

Climate Change Hotspot. Geophys. Res. Lett. 2007, 34, doi:10.1029/2007GL030000.

. Gondim, R.S.; De Castro, M.A.H.; Maia, A.d.H.N; Evangelista, S.R.M.; Fuck, S.C.d.F. Climate

Change Impacts on Irrigation Water Needs in the Jaguaribe River Basin. J. Am. Water Resour.
Assoc. 2012, 49, 247-247.

. Savé, R.; De Herraldea, F.; Aranda, X.; Pla, E.; Pascual, D.; Funes, |.; Biel, C. Potential changes

in irrigation requirements and phenology of maize, apple trees and alfalfa under global change
conditions in Fluvia watershed, during XXIst century: Results from a modeling approximation to
watershed-level water balance. Agric. Water Manag. 2012, 114, 78-87.

Markou, M.; Moraiti, C.A.; Stylianou, A.; Papadavid, G. Addressing Climate Change Impacts on
Agriculture: Adaptation Measures for Six Crops in Cyprus. Atmosphere 2020, 11, 483,
doi:10.3390/atmos11050483.

https://encyclopedia.pub/entry/1527 11/16



Implementing Sustainable Irrigation | Encyclopedia.pub

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Blum, A. Plant Breeding for Water-Limited Environments; Springer Science and Business Media,
LLC: New York, NY, USA, 2011, pp. 217-234, doi:10.1007/978-1-4419-7491-4 5.

Kamoutsis, A.; Matsoukis, A.; Chronopoulou-Sereli, A. Triticum Aestivum, L. Phenological
response to air temperature in Greece. Ital. J. Agrometeorol. 2010, 2. 51-55.

Perry, C.; Steduto, P.; Karajeh, F. Does Improved Irrigation Technology Save Water? A Review of
the Evidence, in Discussion Paper on Irrigation and Sustainable Water Resources Management
in the Near East and North Africa; Food and Agriculture Organization of the United Nations: Cairo,
Egypt, 2017.

Azahara Mesa-Jurado, M.; Martin-Ortegab, J.; Rutoc, E.; Berbel, J. The economic value of
guaranteed water supply for irrigation under scarcity conditions. Agric. Water Manag. 2012, 113,
10-18.

Levidow, L.; Zaccaria, D.; Maia, R.; Vivas, E.; Todorovic, M.; Scardigno, A. Improving water-
efficient irrigation: Prospects and difficulties of innovative practices. Agric. Water Manag. 2014,
146, 84-94.

Chartzoulakis, K.; Bertaki, M. Sustainable Water Management in Agriculture under Climate
Change. Agric. Agric. Sci. Procedia 2015, 4, 88-98.

Chimonidou, D.; Metochis, C.; Papadopoulos, I. Irrigation systems performance: Case study of
Cyprus. In Irrigation Systems Performance; Lamaddalena, N., Lebdi, F.; Todorovic, M., Bogliotti,
C., Eds.; CIHEAM: Bari, Italy, 2005; pp. 79-84.

Abou Hadid, A.F. Protected cultivation for improving water-use efficiency of vegetable crops in the
NEVA region. In Good Agricultural Practices for Greenhouse Vegetable Production in the South
East European Countries for Greenhouse Vegetable; Plant Production and Protection Paper 230;
FAO: Rome, Italy, 2013, 137-149.

Gutzler, C.; Helming, K.; Balla, D.; Dannowski, R.; Deumlich, D.; Glemnitz, M.; Knierim, A.;
Mirschel, W.; Nendel, C.; Paul, C.; et al. Agricultural land use changes—A scenario-based
sustainability impact assessment for Brandenburg, Germany. Ecol. Indic. 2015, 48, 505-517.

Daccache, A.; Ciurana, J.S.; Rodriguez Diaz, J.A.; Knox, J.W. Water and energy footprint of
irrigated agriculture in the Mediterranean region. Environ. Res. Lett. 2014, 9, 1-12.

Zhang, D.; Du, Q.; Zhang, Z.; Jiao, X.; Song, X.; Li, J. Vapour pressure deficit control in relation to
water transport and water productivity in greenhouse tomato production during summer. Sci. Rep.
2017, 7, doi:10.1038/srep43461.

Sacks, W.J.; Cook, B.I.; Buenning, N. Effects of global irrigation on the near-surface climate. Clim.
Dyn. 2009, 33, 159-175.

https://encyclopedia.pub/entry/1527 12/16



Implementing Sustainable Irrigation | Encyclopedia.pub

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Barik, R.; Pattanayak, S.K. Assessment of Groundwater Quality for Irrigation of Green Spaces in
the Rourkela City of Odisha, India. Groundw. Sustain. Dev. 2019, 8, 428-438.

Nikolaou, G.; Neocleous, D.; Katsoulas, N.; Kittas, C. Irrigation of Greenhouse Crops.
Horticulturae 2019, 5, 7, doi:10.3390/horticulturae5010007.

Ferreira, D.; de Almeida, J.A.; Simdes, M.; Pérez-Martin, M. Agricultural practices and
geostatistical evaluation of nitrate pollution of groundwater in the Jucar River Basin District, Spain.
Emir. J. Food Agric. 2016, 28, 415-424.

Smith, R.; Cahn, M.; Hartz, T.; Love, P.; Farrara, B. Nitrogen Dynamics of Cole Crop Production:
Implications for Fertility Management and Environmental Protection. HortScience 2016, 51, 1586—
1591.

Café-Filho, A.C.; Lopes, C.A.; Rossato, M. Management of Plant Disease Epidemics with
Irrigation Practices, Irrigation in Agroecosystems, Gabrijel OndrasSek, IntechOpen. 2018. Available
online: https://www.intechopen.com/books/irrigation-in-agroecosystems/management-of-plant-
disease-epidemics-with-irrigation-practices (accessed on 14/04/2020).
doi:10.5772/intechopen.78253.

Nikolaou, G.; Neocleous, D.; Katsoulas, N.; Kittas, C. Irrigation management techniques used in
soilless cultivation. In Advances in Hydroponic Research; Webster, D.J., Ed.; Nova Science
Publishers, Inc.: New York, NY, USA, 2017; pp. 1-33, ISBN 978-1-53612-131-5.

Farooq, M.; Hussain, M.; Ul-Allah, S.; Siddique, K.H.M. Physiological and agronomic approaches
for improving water-use efficiency in crop plants. Agric. Water Manag. 2019, 219, 95-108.

Blum, A. Effective use of water (EUW) and not water-use efficiency (WUE) is the target of crop
yield improvement under drought stress. Field Crop. Res. 2009, 112, 119-123.

Raveh, E.; Cohen, S.; Raz, T.; Yakir, D.; Grava, A.; Goldschmidt, E.E. Increased growth of young
citrus trees under reduced radiation load in a semi-arid climatel, Journal of Experimental Botany,
2003, 54, 381, 365-373.

Moller, M.; Assouline, S. Effects of a shading screen on microclimate and crop water
requirements. Irrig. Sci. 2007, 25, 171-181.

Gallardo, M.; Thompson, R.B.; Fernandez, M.D. Water requirements and irrigation management
in Mediterranean greenhouses: The case of the southeast coast of Spain. In Good Agricultural
Practices for Greenhouse Vegetable Crops; Plant Production and Protection Paper 217; FAO:
Rome, Italy, 2013; pp. 109-136.

Katsoulas, N.; Sapounas, A.; De Zwart, F.; Dieleman, J.A.; Stanghellini, C. Reducing ventilation
requirements in semi-closed greenhouses increases water use efficiency. Agric. Water Manag.
2015, 156, 90-99.

https://encyclopedia.pub/entry/1527 13/16



Implementing Sustainable Irrigation | Encyclopedia.pub

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Kitta, E.; Bartzanas, T.; Katsoulas, N.; Kittas, C. Benchmark Irrigated under Cover Agriculture
Crops. Agric. Agric. Sci. Procedia 2015, 4, 348-355, doi:10.1016/j.aaspro.2015.03.039.

Brouwer, C.; Prins, K.; Heibloem, M. Irrigation Water Management: Irrigation Scheduling. Train.
Manual 4; Food and Agriculture Organization, Rome, Italy: 1989.

Walker, W.R. Irrigation Engineering—Sprinkler, Trickle, Surface Irrigation Principles, Design and
Agricultural Practices: A. Benami and A. Ofen. IESP, Haifa, in Cooperation with the International
Irrigation In. Agric. Water Manag. 1983, 9, 263—-264.

Enciso, J.; Jifon, J.; Anciso, J.; Ribera, L. Productivity of Onions Using Subsurface Drip Irrigation
versus Furrow Irrigation Systems with an Internet Based Irrigation Scheduling Program. Int. J.
Agron. 2015, 178180, 1-6.

Phocaides, A. Hanbook on Pressurized Irrigation Techniques, Food and Agriculture; Organization
of the United Nations: Rome, Italy, 2007; ISBN 978-92-5-105817-6.

Sarker, K.K.; Hossain, A.; Murad, K.F.l.; Biswas, S.K.; Akter, F.; Rannu, R.P.; Moniruzzaman, M.;
Karim, N.N.; Timsina, J. Development and Evaluation of an Emitter with a Low-Pressure Drip-
Irrigation System for Sustainable Eggplant Production. AgriEngineering 2019, 1, 376-390.

Nakayama, F.S.; Bucks, D.A. Developments in Agricultural Engineering 9. In Trickle Irrigation for
Cop Production. Design, Operation and Management Elsevier, Netherlands: 1986; ISBN
9780444600967.

Velasco-Mufioz, J.F.; Aznar-Sanchez, J.A.; Batlles-delaFuente, A.; Fidelibus, M.D. Sustainable
irrigation in agriculture: An analysis of global research. Water 2019, 11, 1758.

Berry, P.; Yassin, F.; Belcher, K.; Lindenschmidt, K.-E. An Economic Assessment of Local Farm
Multi-Purpose Surface Water Retention Systems under Future Climate Uncertainty. Sustainability
2017, 9, 456.

Ayara, J.E.; Fulton, A.; Taylor, B. Subsurface drip irrigation in California-Here to stay? Agric. Water
Manag. 2015, 157, 39-47.

De Pascale, S.; Barbieri, G.; Rouphael, Y.; Gallardo, M.; Orsini, F.; Pardossi, A. Irrigation
management: Challenges and opportunities. In Good Agricultural Practices for Greenhouse
Vegetable Production in the South East European Countries for Greenhouse Vegetable; Plant
Production and Protection Paper 230; FAO: Rome, Italy, 2013; pp. 79-105.

Liu, Z.; Xiao, Y.; Li, Y. Influence of operating pressure on emitter anti-clogging performance of drip
irrigation system with high-sediment water. Agric. Water Manag. 2013, 213, 174-184.

Borsato, E.; Rosa, L.; Marinello, F.; Tarolli, P.; D’Odorice, P. Weak and Strong Sustainability of
Irrigation: A Framework for Irrigation Practices Under Limited Water Availability. Front. Sustain.
Food Syst. 2020, 4, 17.

https://encyclopedia.pub/entry/1527 14/16



Implementing Sustainable Irrigation | Encyclopedia.pub

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Sakaguchi, A.; Yanai, Y.; Sasaki, H. Subsurface irrigation system design for vegetable production
using HYDRUS-2D. Agric. Water Manag. 2019, 219, 12-18.

Clark, G.A.; Stanley, C.D.; Smajstrla, A.G.; Zazueta, F.S. Microirrigation design considerations for
sandy soil vegetable production systems. Int. Water Irrig. 1999, 19, 12-17.

Qi, W.; Zhang, Z.; Wang, C.; Chen, Y.; Zhang, Z. Crack closure and flow regimes in cracked clay
loam subjected to different irrigation methods. Geoderma 2020, 358, 113978.

El-Nesr, M.; Alazba, A.A.; SimGnek, J. HYDRUS simulations of the effects of dual-drip subsurface
irrigation and a physical barrier on water movement and solute transport in soils. Irrig. Sci. 2014,
32,111-125.

Phogat, V.; Skewes, M.A.; Mahadevan, M.; Cox. J.W. Evaluation of soil plant system response to
pulsed drip irrigation of an almond tree under sustained stress conditions. Agric. Water Manag.
2013, 118, 1-11.

Feng. G.; Zhang. Z.; Zhang, Z. Evaluating the sustainable use of saline water irrigation on soil
water-salt content and grain yield under subsurface drainage condition. Sustainability 2019, 11,
6431.

Ahmed, E.M.; Abaas, O.; Ahmed, M.; Ismail, M.R. Performance evaluation of three different types
of local evaporative cooling pads in greenhouses in Sudan. Saudi J. Biol. Sci. 2011, 18, 45-51,
doi:10.1016/j.sjbs.2010.09.005.

El-Attar, H.A.; Merwad, M.A.; Mostafa, E.A.M.; Saleh, M.M.S. The beneficial effect of subsurface
drip irrigation system on yield, fruit quality and leaf mineral content of Valencia orange trees.
Biosc. Res. 2019, 16, 620—628.

Colak, Y.B.; Yazar, A.; Gonen, E.; Eroglua, E.C. Yield and quality response of surface and
subsurface drip-irrigated eggplant and comparison of net returns. Agric. Water Manag. 2018, 206,
165-175.

Wang, J.; Niu, W.; Li, Y.; Lv, W. Subsurface drip irrigation enhances soil nitrogen and phosphorus
metabolism in tomato root zones and promotes tomato growth. Appl. Soil Ecol. 2018, 124, 240—
251.

Martinez, J.; Reca, J. Water Use Efficiency of Surface Drip Irrigation versus an Alternative
Subsurface Drip Irrigation Method. J. Irrig. Drain. Eng. 2014, 140, 04014030.

Pfeiffer, L.; Lin, C.-Y.C. The effect of irrigation technology on groundwater use. Choices 2010, 25,
1-6.

Foster, S.S.D.; Perry, C.J. Improving groundwater resource accounting in irrigated areas: A
prerequisite for promoting sustainable use. Hydrogeol. J. 2010, 18, 291-294.

https://encyclopedia.pub/entry/1527 15/16



Implementing Sustainable Irrigation | Encyclopedia.pub

61.

62.

63.

64.

65.

Moneo, M.; Iglesias, A. Description of drought management actions. In Drought Management
Guidelines Technical Annex; Iglesias, A., Moneo, M., Lopez-Francos. A., Eds.; CIHEAM/EC
MEDA Water: Zaragoza, Spain, 2007; pp. 175-196. (Options Méditerranéennes: Série, B. Etudes
et Recherches; n. 58). Available online: http://om.ciheam.org/om/pdf/b58/00800541.pdf (accessed
on 27/04/2020).

Shamshiri, R.R.; Kalantari, F.; Ting, K.C.; Hammed, |.A.; Weltziec, C.; Ahmad, D.; Shad, Z.M.
Advances in greenhouse automation and controlled environment agriculture: A transition to plant
factories and urban agriculture. Int. J Agric. Biol. Eng. 2018, 11, 1-22.

Hagan, R.M.; Haise, H.R.; Edminster, T.W. Irrigation of Agricultural Lands; American Society of
Agronomy: Madison, Wisconsin, USA, 1967.

Coping with Water Scarcity: An Action Framework for Agriculture and Food Security; FAO Water
Reports Book, Italy, Rome: 2013; Volume 38, ISBN 978-92-5-107304-9.

Kumar, D.; Kalita, P. Reducing Postharvest Losses during Storage of Grain Crops to Strengthen
Food Security in Developing Countries. Foods 2017, 6, 8.

Retrieved from https://encyclopedia.pub/entry/history/show/98435

https://encyclopedia.pub/entry/1527 16/16



