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1 Introduction

Water is the most important substance for human being and living organisms. Water
scarcity is the lack of sufficient available water resources to meet the demands of
water usage within a region. Water scarcity can occurr through two main mecha-
nisms as follows: physical water scarcity, which occurs due to inadequate natural
water resources to supply a region’s demand and economic water scarcity, which
occurs as a result of poor management of the available water resources. In Africa,
there are several water resources, i.e., Congo, Nile, Zambezi and Niger rivers and
Lake Victoria. Therefore, the scarcity of water in Africa is mainly economic due
to the poor management of water resources. In Egypt, the development of water
resources is very poor; on the other hand, there is an excessive growth of popula-
tion. Furthermore, agricultural activities in Egypt consumes about 80% of The Nile
water budget. Therefore, potential scarcity might occur in Egypt; especially, there
is a critical argument due to the buildup of the Grand Ethiopian Renaissance Dam.
Clearly, the construction of the Grand Ethiopian Renaissance Dam will negatively
affect the recent situation of natural water resources in Egypt. It is worth mentioning
that filling the Grand Ethiopian Renaissance Dam by 74 billion m3 of Nile water
may lead to change the demographic map of Egypt. In this chapter, we will address
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the water resources in Egypt. In addition, we will try to present the major problems
of irrigation and the potential hazards that might occur due to the construction of the
Grand Ethiopian Renaissance Dam.

2 Egyptian Water Resources Management History

In ancient times, the great Greek historian Herodotus said:

Egypt is the Gift of The Nile.

He meant that The Nile is the one which gives life and existence to Egypt (Fig. 1).
Nowadays, we can say:

Just a River, it is Lifeblood for the Egyptians.

Management of irrigation water sources in Egypt is as old as the country itself.
For thousands of years, agriculture in Egypt depended on the annual floodwaters
of The Nile River to irrigate the arable lands. Historically, water level gauges or
“Nilometers” were used to measure the height of The Nile floods and set taxes
accordingly [1, 2]. The expected annual flood of The Nile River provided both fertile
sediments and irrigation water for Egyptian agriculture. The Islamic conquests have
developed these policies by introducing agricultural land levels, according to the ease
by which irrigation from The Nile water is performed; in the calculation of taxes and
revenues imposed on farmers [3].

Napoleon Bonaparte, commander of the French expedition to Egypt in 1798, was
the first to consider the introduction of theory to The Nile water storage. Muham-
mad Ali Pasha, who ruled Egypt from 1805 to 1845, was a genius leader. He took
Napoleon’s idea and considered that the management of The Nile water is one of
the pillars of the agricultural and economic renaissance in Egypt. He established
the barrages and summer (Seifi) canals across The Nile River as a means of surface
storage in The Nile and its branches during flooding periods, as well as allowing the
recharge of groundwater reservoirs that are used when water is scarce. It started with
the construction of the Esna Barrage with a total length of 900 m, and this barrage
was rehabilitated by a new one. Esna Barrage was considered to be the main control
unit for regulating Nile water and supplemented with a hydropower station [4]. Naga
Hammadi Barragewas also established in the early 1900swith a total length of 330m
and reconstructed by the Egyptian governorate tomaintain continued supply of water
to the large irrigation areas downstream. Assiut Barrage was designed by the famous
British engineer Sir William Willcocks in the year of 1898 with a total length of
1200 m. Thereafter, Delta Barrages were established in the year of 1939, followed
by Zifta and Damietta reservoirs on the branch of Damietta and Edfina on Rosetta’s
branch (Fig. 2) [4]. A point to note, the main objectives of constructing barrages and
dams in the past were to control The Nile water and to ensure continuous supply of
The Nile water to agricultural areas.
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Fig. 1 Nile River basin and its drainage network [5]
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Fig. 2 Schematic diagram for barrages and dams constructed across The Nile River, which enabled
Egypt to shift to perennial irrigation system which began in the early nineteenth century [5]

The establishment of Aswan reservoir during the period 1898–1902 was the first
scientific attempt to store The Nile water in Egypt with a storage capacity of one
billion m3 year−1, which was raised in 1912 to reach 2.5 billion m3 year−1 and then
in 1932 reached 5 billion m3 year−1. The High Damwas built in the early 1960s, and
Lake Nasser’s storage capacity is about 160 billion m3. It is often referred to Lake
Nasser’s reservoir as a “long-term storage” [5–7].

3 Water Scarcities and Low Irrigation Efficiency in Egypt

Based on the aridity index (AI) number (the ratio of annual potential evapotran-
spiration to annual precipitation), Egypt is among the arid countries (0.05 < AI <
0.20). Most of the agricultural soils in Egypt are classified as “Arid lands” category.
Hence, irrigated agriculture accounts for the vast majority (>85%) of all the water
used [7–10]. This unique situation can be expressed simply: Egypt depends entirely
on irrigated agriculture.

Currently, Egypt suffers from freshwater scarcity and will face much tougher
situations due to increasing the present and future water demands where the country
has no enough alternative water resources. The Ministry of Water Resources and
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Fig. 3 Projected annual per capita share of renewable water resources in Egypt [12]

Irrigation (MWRI) announced in May 2016 that Egypt’s water resources produce
62 billion m3 annually, while the consumption could reach 80 billion m3 [5]. Thus,
the annual per capita of water supply in Egypt is about 600 m3 only, while the
international average is 1000m3 [11]. In this context,MWRI [5] reported that average
per capita share of about 800m3 cap−1 y−1 as of year 2004, while projections forecast
a share of about 600 m3 cap−1 y−1 by the year 2025 as depicted in Fig. 3. This
indicates a sharp decline in water availability per capita more severe than predicted
by the previous studies [2, 6, 9].

Consequently, water availability per capita rate has become already one of the
lowest in theworld. This is suggested for further declines due to the excessive increase
in population on one hand and climate change and global warming on the other one.
Accordingly, the gap between the limitedwater resources and the increasing demands
for water is getting wider over time [13], and Egypt will soon face water scarcity.

3.1 Grand Ethiopian Renaissance Dam (GERD): View Point

The water shortage crisis is compounded owing to the fact that the main source of
water, The Nile, originates from outside the borders of Egypt, making its discharge
rates controlled by many other factors. Furthermore, in April 2011, Ethiopia has
launched the construction of the Grand Ethiopian Renaissance Dam (GERD), with
water storage capacity of 74 billion m3. Egyptian experts predict a water reduction of
about 20–34% owing to the construction of that Ethiopian dam. “This is estimated to
be 11–19 billionm3 on average over the Dam’s filling period” [13, 14]; consequently,
about one-third of the total agricultural lands might be subjected to drought. It is
worth mentioning that the filling duration of GERD reservoir is of a major concern.
According to the annual rate of precipitation in Ethiopia whose average is about
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817 mm, GERD reservoir needs at least three years to be filled [15], which poses a
potential threat of water reduction. Therefore, increasing the filling period of GERD
reservoir is more favorable to eliminate the potential risk of the GERD. On the
other hand, increasing the reservoir capacity will be associated with more risk and
reduction of water to Egypt.

In the light of this severe shortage of freshwater, several policies and measures
should be taken; the most important of which is to raise the efficiency of the Egyptian
irrigation systems [16]. Enormous studies have shown that more than 70% of the
cultivated area depends on low-efficiency surface irrigation systems, which cause
high water losses, a decline in land productivity, waterlogging and salinity problems.
Moreover, unsustainable agricultural practices and improper irrigation management
affect the quality of the country’s water resources. Reductions in irrigation water
quality have, in their turn, harmful effects on irrigated soils and crops [2, 9, 10, 12].

… one of the main components of the agricultural development strategy is to achieve a
gradual improvement of the efficiency of irrigation systems to reach 80 per cent in an area of
3.36 million ha, and to reduce the areas planted with rice from 702.66 thousands ha (2007)
to 546 thousands ha by 2030 in order to save an estimated 12 400 million cubic meters of
water. [17]

However, attention should be paid regarding the reduction of rice agricultural soils
due to the potential salinization of agriculture soils in the delta regions.

4 Water Resources of Egypt

Water resources in Egypt are confined to the withdrawal quota from The Nile water;
the limited amount of rainfall; the shallow and renewable groundwater reservoirs in
The Nile Valley, The Nile Delta and the coastal strip; and the deep groundwater in
the Eastern desert, the Western desert and Sinai, which are almost nonrenewable.
The nontraditional water resources include reuse of agricultural drainage water and
treated wastewater, as well as the desalination of seawater and brackish groundwater
[6, 7, 13, 18].

4.1 Conventional Water Resources

4.1.1 The Nile Water

Egypt reliese on The Nile water to provide nearly 97% of freshwater needs [7,
13]. This clearly shows that Egypt’s national security depends on The Nile River.
Currently, more than 90 million capita live around the valley and delta of The Nile.
The Nile Valley is a narrow strip that expands from Aswan in the south to Cairo in
the north while The Nile Delta starts from the south of Cairo and stretches up to the
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Table 1 Egypt water resources in 2017 (unit: billion m3 y−1) [19]

Source billion m3 y−1 Usage billion m3 y−1

The share of the River Nile water 55.50 Drinking 10.70

Underground water (surface and deep wells) 9.60 Industries 5.40

Reuse of drainage waters 13.5 Agriculture 61.65

Rains and floods 1.30 Evaporation 2.50

Seawater desalinization 0.35

Total 80.25 80.25

Mediterranean Sea in the form of a triangle. Both the valley and the delta depend
entirely on The Nile River for drinking, farming, industry and the other economic
activities. Therefore, any changes that might occur in the net water budget of The
Nile River will affect the Egyptian demographic map.

The Nile water represents the main source of water in Egypt, amounted to be
55.5 billion m3 annually according to the agreement of Egypt and Sudan in 1959.
The Nile water source mainly serves irrigated soils in The Nile Valley and Nile Delta
which together constitute 85% of total irrigated land in Egypt [7, 13] and consume
about 77% of the total water resources in Egypt (Table 1).

The Nile River is the second longest river in the world, with a length of about
6700 km. The Nile basin stretches over 35 latitudes from latitude 4° south of the
equator at its sources near Lake Tanganyika and reaches the line 31° north of the
equator. TheNile basin extends its authority over more than nine longitudes, from the
longitude of 29° at its roots in the tropical plateau to a longitude of ~38° at its springs
in the Abyssinian plateau as shown in Fig. 1. The area of The Nile basin is about
2.9 million km2, which includes parts of ten African countries, namely Ethiopia,
Eritrea, Uganda, Burundi, Tanzania, Rwanda, Sudan, Congo, Kenya and Egypt.

The total area of these ten countries is about 8.7 million km2. The Nile River
passes through its long travel in different regions, languages and civilizations. It
passes through several climatic regions, from the equatorial region with an average
annual rainfall of about 800 mm at its source, and even the desert region that is very
dry in northern Sudan and south Egypt.

The Nile River income, like most rivers, varies from a year to another while the
lowest was 42 billion m3 year−1, and the highest was 150 billion m3 year−1 measured
in Aswan. The average natural Nile River revenues during the twentieth century—
estimated at Aswan—were about 84 billion m3. The Nile collects water from three
main basins, i.e., the Ethiopian plateau, tropical lakes’ plateau and Bahr el Ghazal.

4.1.2 Underground Water

Renewable groundwater reservoirs are distributed between The Nile Valley (with a
stock of 200billionm3) and the delta region (with a stock of approximately 400billion
m3). Thiswater is considered a part of TheNilewater resources. Thewaterwithdrawn
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from these reservoirs is estimated by 6.5 billion m3 year−1 since 2006. This is within
the safe withdrawn level, which has a maximum limit of about 7.5 billion m3 year−1

according to the Groundwater Research Institute. It is also characterized by a good
quality where salinity range is about 0.47–1.25 dS m−1 in the south delta regions.
The depletion of these reservoirs is allowed only when drought occurs for a long
period. It is estimated that the drawdown of these reservoirs is around 9.6 billion m3

in 2017 [2].
Nonrenewable aquifers are located under the Eastern and Western Desert and the

Sinai Peninsula. The most important of these is the Nubian sandstone reservoir in the
Western Desert, which is estimated by about 40 thousand billion m3. It extends in the
regions of northeast Africa and includes the lands of Egypt, Sudan, Libya and Chad.
This reservoir is one of the most important sources of fresh groundwater; however, it
is not readily available for use in Egypt due to its deep depths. It is therefore estimated
that only about 0.6 billion m3 of these waters are withdrawn annually that is enough
to irrigate about 63,000 ha in Owainat area.

The annual withdrawal rate is expected to increase to about 2.5–3 billion m3

year−1 as a safe and economic withdrawal. In general, the effects of the expected
decline in the level of the groundwater reservoir should be avoided by shifting from
the extensive plantation system to the specific plantation system of scattered areas
(840–2100 ha) to conserve these aquifers for extended periods.

4.1.3 Rainfall and Floods Waters

Egypt is almost rainless except for the northern coast where rainfalls at an annual rate
of 50–250mm.On the northwestern coast, rainfall ranges from 50 to 150mmyear−1.
In the years of relatively heavy rain, the area cultivated with barley may exceed
42,000 ha. On the northeast coast, rainfall increases as we head eastward. The rate
at El-Arish is 150 mm, while in Rafah, it is about 250 mm.

In the light of normal winter rainfall, the amount of rainwater falling over the
northern parts of Egypt (about 200,000 km2) is estimated at 5–10 billion m3 year−1.
Of this amount, about 1.5–3 billionm3 are flowing over the surface;much of it returns
to atmosphere via evaporation and transpiration, and the rest leaks into the layers to
be added to groundwater recharge. It is noted that the surface runoff water from the
valley’s ravine is lost into the sea or in the coastal saline ponds.

When winter rains are relatively high, a phenomenon that is repeated once every
4–5 years, the amount of surface runoff water may reach 2 billion m3, and its impact
extends to wider areas of Egyptian deserts. When the Egyptian lands are exposed to
seasonal rains, a phenomenon that is repeated every 10 years, the amount of rain that
flows above the surface may reach 5 billion m3 and has significant impacts on the
regions of Red Sea, South Sinai and The Nile River basin and often cause extensive
environmental damage.

The amount of rains falling on the Sinai Peninsula and distributed over its various
water basins as well as the amount of rains that flow on the surface and out of the
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water basins toward the sea are about 131.67 million m3 annually and represent
5.25% of the total rainfalls.

It is worth mentioning that the average annual rainfall on the entire Egyptian
territory is about 8 billion m3 and that the flow is in the area of 1.3 billion m3, and
this helps to attract and harvest about 200–300 million m3 year−1 of these rains in
Sinai and the northern coast and the eastern Red Sea.

4.2 Nonconventional Water Resources

4.2.1 Reuse of Agricultural Drainage Water

Agricultural drainage water includes the water used for leaching salts from soils
(leaching requirements), the leakage from the irrigation and drainage systems, the
unused canal endings and the sewage and industrial wastewaters that pour into agri-
cultural drains. Therefore, this water is of low quality due to its high salinity and is
mixed with water from drains that are often contaminated with chemicals used in the
agriculture and industry. Salinity in this type of water ranges from 700 to more than
3000 mg L−1 [20], which are not suitable for irrigation for many crops.

Reuse of agricultural wastewater is a significant source of water resources devel-
opment in the future. The improvement of the agricultural drainage water quality
should be taken into consideration by directly treating the water of sub-drains or
main drains before mixing them with freshwater and avoiding mixing them with
sewage or industrial water to avoid the environmental risks of reusing such water
without treatment. It is very important to discharge at least 50% of the total amount
of agricultural drainage water to the sea to maintain the water and salt balance of
The Nile Delta and to prevent the increased impact of deep-sea water interference
with the North Delta aquifer [21].

4.2.2 Reuse of Municipal and Industrial Wastewater

Treated wastewater is one of the water resources that can be used for irrigation
purposes if it meets the appropriate health conditions. The amount of treated water
increased annually from 0.26 billion m3 year−1 in the early 1990s to about 0.6 bil-
lion m3 year−1 in 2000 and about 4 billion m3 in 2017. Since the amount of collected
wastewater exceeds 5 billion m3 [22], the future policy is to increase the use of
wastewater up to 4.5 billion m3 [23]. It is used to irrigate nonfood crops for humans
or animals and to plant forests in the desert for wood production. It is very crucial to
focus on the treatments of municipal and industrial wastewater before use and their
separation far away from agricultural drainage waters to avoid the risks of chemical
waste on public health and the environment [22, 24].
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4.2.3 Desalination of Sea Water

Owing to the length of Egypt’s coastline both on the Mediterranean Sea and on
the Red Sea, and the effective government action during the last two decades and
the present to maximize tourism and industrial development of coastal areas, the
provision of water resources for this development is a guarantee of its existence and
sustainability.

One of the most important sources of water available in coastal areas is desalina-
tion, whether for seawater or brackish water. The challenge for adopting desalination
technique has been and is still in the development of commercially viable meth-
ods. The extensive experience gained over the past 40 years and the improvements
in desalination technology have made desalination very technically acceptable and
provide high-quality water to arid areas that have been deprived of water sources for
sustainable economic and social development. In the mid-1960s, the idea of desalin-
ization was illusory, and most of the activity in that field was experimental, and many
of the first projects failed to meet the expectations on which they were adopted. At
present, it is a highly reliable technology, and many countries rely on it for financial
capacity such as the Gulf countries, but costs remain relatively high compared to
other water resources. The Middle East and North African countries contribute to
41.3% of the world’s desalinated water [25].

For Egypt, desalinization of seawater can be used as an untraditional water source
for the development of desert and coastal communities. Solar, wind and nuclear
energies can be used in the desalination process instead of transferring electricity or
oil to these regions to raise the economies of exploitation of this source [25].

A previous study indicated that the cost of desalting 1 m3 of seawater ranged
between 5.40 and 18.88 LE depending on the capacity of the desalination plant,
which makes the use of this water for agricultural purposes economically inefficient
at present [26]. Nowadays, some studies are conducted aiming at desalination of
brackish water in the groundwater reservoir near the northern coast of the Mediter-
ranean Sea and North Sinai, which are relatively less saline than seawater, thus
reducing the cost of desalination technique [25, 26].

5 Irrigation Systems and Their Common Problems

Methods of irrigation in ancient Egypt are thought to be the basis ofmany agricultural
technologies followed worldwide [27]. According to de Feo et al. [28], the ancient
Egyptians used various hydraulic technologies to lift water from the near river banks
to water their crops, i.e., Shadouf, Tanbur and Saqiya. The Shadouf device consists
of a bucket attached from one side to a wooden arm and from the other side to a
counterbalance [29]. It can lift water from the near river banks up to 1–6 m [30]. In
case of Tanbur (or Archimedes’ screw), it consists of a watertight cylinder enclosing
a chamber called off by spiral divisions running from end to end [31], and the water
is lifted in the turn of cylinder around its axis from the immersed bottom of the
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spiral chamber in the water [32, 33]. Saqiya (or waterwheel) consists of a row of
pots attached to the rim of a revolving wheel so that turning wheels by oxen allow
the pots to be filled with water when dipped into an irrigation canal and then lifted
on the wheel to a height of 3–6 m [31].

Recently, increasing global population has placed major stresses on the available
water resources especially with declining groundwater availability and decreasing
water quality [34] to supply fruits, vegetables and cereal foods consumed by humans
[35]. Thus, irrigated agriculture is thought to play major roles for satisfying the basic
needs and improve life standards [36]. Increasing water use efficiency is the key to
overcome water shortage problems and, on the other hand, reduce the environmental
problems [37] through optimizing source to sink balance and avoid excessive vigor
[38]. This might take place through adopting low-volume irrigation technologies,
especially in arid soils [39]. The techniques ofwater distributionwithin the field differ
according to the quantity of water available for irrigation, other natural resources,
system cost and irrigation efficiency in addition to a number of institutional, financial
and production inputs [36]. Generally, there are many types of irrigation systems,
e.g., surface irrigation, sprinkler irrigation and drip irrigation.

5.1 Surface Irrigation

It is often called flood irrigation in which water moves by gravity surface flow [40]
either across the entire field (basin irrigation) or the water is fed into small channels
(furrows) or strips of land (borders) [41]. Surface irrigation was and is still the
common irrigation system in many regions. This method is applied on lower lands of
heavy textured soils in the presence of suitable drainage system that may lead to over
logging conditions [42]. On the other hand, several problems might be associated
with this system first of which, the high water lose due to evaporation and seepage,
in addition, the phenomenon of water shortage at canal tail end (CT); that commonly
occurs due to several reasons, i.e., widening and cleaning of the canal pathway that
may lead to decrease the velocity of water, loses of water through seepage along the
canal path and the inadequate amount of water at the beginning of irrigation way
[43, 44]. Surface irrigation consisted of several types as follows:

5.1.1 Basin Irrigation

Water is supplied in small level field ground leveled to zero slope in both directions
[45] enclosed by a dyke to prevent runoff [42] to form small bounded units [46]. In
case of large areas, uneven distribution of irrigation water might occur [47]. The first
artificial basin irrigation was established by deliberating flooding and draining using
sluice gates and water contained by longitudinal and transverse dikes [31]. Although
this type of surface irrigation is the least expensive to operate and manage, it is
considered to be the most expensive to develop and maintain [48]. Basin irrigation
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is suitable for many crops, especially paddy rice. However, soil type and surface
morphology are important factors controlling the use of basin irrigation. The size of
basin should be small if the soil is sand and had steep slope [41]. Shortage of water
occurs in some places in basin irrigation systemwhere the water was stood for a short
time affecting the growing plants due to the lack of moisture. As a result, farmers
used to build up dicks and dams to maintain water on a soil surface for a constant
time [49].

5.1.2 Furrow Irrigation

Furrow irrigation is directed by small parallel channels conveying water down or
along the slope of the field under the influence of gravity [50]. Water infiltrates
through the soil and spreads along the primary directions of the field vertically and
horizontally [42]. Crops are grown on ridges between furrows [41]. However, there
might exist higher erosion and pollution risks with the concentrated water flow in
the furrows [51, 52]. In this concern, applying water-soluble polyacrylamide to the
irrigation water can minimize water runoff and consequently soil erosion [53]. It is
worthy to mention that the water use efficiency under furrow irrigation might be low.
Wide-spaced furrow irrigation or skipped crop rows can lessen water evaporation
from the soil surface, as is the case for drip irrigation [54]. Moreover, alternate
irrigation of one of the two neighboring furrows probably saves in arid areas [54].
The furrow irrigation is more favorable for many crops, especially crops that would
be damaged if water covered their stem or crown [41]. A point to note that flat soil
is more suitable for furrow irrigation, and slope should not exceed 0.5% [41, 55].

Since the furrow irrigation system wets as little as 20% of the field surface, extra
time might be needed to ensure the complete wetting of fine particle soils [56].

5.1.3 Border Irrigation

It is the extension of basin irrigation to suit larger mechanized farms in which land
is divided into wide, level rectangular strips [57] “with a minimum slope of 0.05%
to provide adequate drainage and a maximum slope of 2% to limit problems of soil
erosion” [41] and its drain exists at the lower end [42]. Length and width of the strips
and basins depend on field slope, soil texture and the amount of water received in
each strip. In case of sandy and silty loam soils, shorter strips are required while the
clayey soils require longer strips [57]. The border irrigation system is suitable for
many crops, except those that require prolonged ponding [58].
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5.2 Irrigation Using Sprinkler Systems

It is the method of irrigation through which water is sprayed in the air in the form
of small water droplets similar to natural rainfall [41] to optimize water application
on sloping fields [59], also to overcome the waterlogging problems [60]. However,
“most of the water losses take place from the water that leaves the nozzle until
it reaches soil rhizosphere” [61] probably through wind drift and evaporation and
transpiration losses [62]. Farmers should carefully select the right wind conditions
for irrigation [63]. Also, they can avoid further evaporation and transpiration losses
by nighttime irrigations which might bring such losses to almost negligible levels
[64]. Furthermore, matching the sprinkler rate can guarantee more uniform entry of
irrigation water into the root zone [65]. The area wetted is circular, and sprinklers
should be operated close to each other to attain an overlap of at least 65%of thewetted
diameter [41]. Some sprinklers are designed to optimize the use of various inputs for
improving or enhancing economic crop production using precision agriculture (PA)
technologies [60]. Others are supplied by remote sensors to simultaneously monitor
water status in the field for improving the efficiency of water use [66].

5.3 Drip Irrigation

Drip (or micro) irrigation, also known as trickle irrigation, is a system of irrigation
through which water falls drop by drop at or near the root zone of plants [67]. It
is then considered the most efficient method of water irrigation since evaporation
and runoff are thought to be low [68]; also, this method can effectively minimize
evapotranspiration rates from plants grown in tropical climate regions, with dry and
hot summers [69]. Under proper management, the efficiency of drip irrigation is
typically within the range of 80–90% [70]. This method is the ideal for wastewater
reuse [71] and for irrigation with low-quality water [72] to protect the environment
on one hand and to sustain economic vitality on the other hand [73]. Micro-irrigation
with fertilization also provides an effective and cost-efficient way to supplywater and
nutrients to crops [74] in a process known by fertigation [75, 76]; however, using low
water quality in fertigation can accumulate salts within the root zone to reach toxic
levels [77]. Drip irrigation is also used as a method of partial wetting of the root zone
(controlled alternate partial root-zone irrigation (CAPRI), also called partial root-
zone drying (PRD) [78] through simultaneously exposed to both wet and dry zones
[79]. Water quality plays an important role for sustainable performance of irrigation
system, for example, in New Valley, Egypt; groundwater is the major source of
different applications. The groundwater in New Valley contains high concentrations
of salts and iron metal ions; consequently, when iron ions are oxidized they lead
to corrupt the dripping units (Fig. 4). The wetted zone supplies water and nutrients
to plants while, at the same time, the non-wetted zone reduces loss of water by
evaporation from soil surface [80] probably because the plants that receive fully
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Fig. 4 Precipitation of iron metal ions and salts on the soil surface in the NewValley, Egypt (Image
was taken by the corresponding author from the Faculty of Agriculture farm, NewValley University
in October, 2017)
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irrigations usually have widely opened stomata; therefore, the partially dried part
of the roots stimulates partial closure of the stomata to reduce water loss through
transpiration) [78].

5.4 Subsurface Irrigation

It is used in areas of high water tables in which the water table is artificially raised
to moisture below the plants’ root zone, yet the moisture rises past the roots [81].
This type of irrigation can also be applied on the seepage of the nearby water sources
(e.g., canals or rivers) [82]. Subsurface drip irrigation (SDI) can further substantially
improve irrigation water use efficiency (IWUE) than did the surface drip irrigation
through reducing evaporative loss while maximizing capture of in-season rainfall by
the soil profile [69]. Furthermore, roots concentrate at a depth of the irrigation tubes
[83]. However, SDI can eliminate soil air (including oxygen) within the rhizosphere
during and following irrigation events [84]. Such reduced conditionof root respiration
hinders plant growth by decreasing transpiration while improving the unselective
flow of ions and salt ingress into the plant to reach toxic levels [69]. Thus, injection
of air into the drip lines improves the aeration of the root zone more generally and
therefore affects crop growth [85]. Generally, the life of a SDI system should be at
least 10–15 years for economic competitiveness [86].

6 Conclusions and Recommendations

It could be concluded clearly that Egypt may suffer from water short-
age through the next few years due to increasing the present and
future water demands beside of the expected shortage in Egypt share
of The Nile water due to the building of the Grand Ethiopian Renais-
sance Dam (GERD). Egyptian experts predict a water reduction of about
11–19 billion m3 owing to the construction of that Ethiopian dam. Consequently,
about one-third of the total agricultural lands in Egyptmight be subjected for drought.
Therefore, attention should be paid to overcome these problems through develop-
ment of irrigation systems, reuse of agricultural wastewater, desalination of seawater
and managing the discharge and usage of groundwater. Furthermore, applications of
advanced irrigation systems should be preceded by studying themajor characteristics
of water resource to ensure its safe use.



30 A. A. Abdelhafez et al.

References

1. Collins B, Montgomery DR, Hass AD (2002) Historical changes in the distribution and
functions of large wood in Puget Lowland rivers. Can J Fish Aquat Sci (No. 59):66–76

2. Ashour MA, El Attar ST, Rafaat YM, Mohamed MN (2009) Water resources management in
Egypt. J Eng Sci Assiut Univ 37(2):269–279

3. Shahin M (2002) Hydrology and water resources of Africa. Springer, Berlin, pp 286–287
4. El Gamal F, Hesham M, Shalaby AR (2007) Country paper on harmonization and integration

of water saving options in Egypt. In: Karam F, Karaa K, Lamaddalena N, Bogliotti C (eds)
Harmonization and integration of water saving options. Convention and promotion of water
saving policies and guidelines, CIHEAM/EU DG Research, Bari, pp 81–90

5. Ministry ofWater Resources and Irrigation (MWRI) (2005)Water for the future, national water
resources plan 2017, January 2005

6. Allam MN, Allam GI (2007) Water resources in Egypt: future challenges and opportunities.
Water Int 32(2):205–218

7. FAO (2016) AQUASTAT-FAO’s information, Regional report. Egypt, FAO, Rome
8. UNCOD (United Nations Conference on Desertification) (1977) Desertification: its causes and

consequences. Pergamon Press, 448 p
9. Abu-Zeid M (1992) Water resources assessment for Egypt. Canadian J Dev Stud (Rev can

d’études dév) 13(4):173–194
10. Abdrabbo MA, Farag A, Abul-Soud M, El-Mola MM, Moursy FS, Sadek II, Hashem FA,

Taqi MO, El-Desoky WMS, Shawki HH (2012) Utilization of satellite imagery for drought
monitoring in Egypt. World Rural Obs 4(3)

11. Central Agency of PublicMobilization and Statistics (CAPMAS) (2016) Statistical of Egyptian
water resources. Annually Statistics Book

12. Wagdy A (2008) Progress in water resources management: Egypt. In: Proceedings of the 1st
technical meeting of Muslim Water Researchers Cooperation (MUWAREC), December 2008
(Malaysia), vol 1, p 13

13. Ferrari E, McDonald S, Osman R (2014) Water scarcity and irrigation efficiency in Egypt.
In: The 17th annual conference on global economic analysis “New challenges in food policy,
trade and economic vulnerability”, Dakar, Senegal, 1–28. https://www.gtap.agecon.purdue.
edu/resources/download/7118.pdf

14. Ibrahim AIR, Impact of Ethiopian Renaissance Dam and population on future Egypt water
needs. Am J Eng Res (AJER) 6(5):160–171

15. Fazzini M, Bisic C, Billi P (2015) Landscapes and landforms of Ethiopia: the climate of
Ethiopia. Springer, Netherlands, pp 65–87. http://dx.doi.org/10.1007/978-94-017-8026-1_3

16. Goher AA, Ward FA (2011) Gains from improved irrigation water use efficiency in Egypt.
Water Resour Dev, 1–22

17. FAO (2013) Country Programming Framework (CPF) Government of Egypt 2012–2017. FAO,
Rome

18. State Information Service (SIS), Egypt (2017) Annually statistics book. Egypt Fig 2017:172
19. Ministry of Water Resources and Irrigation (MWRI) (2018) https://www.mwri.gov.eg/index.

php/ministry-7/2017-02-13-15-05-27
20. Abdel Azim RA (1999) Agricultural drainage water reuse in Egypt: current practices and a

vision for future development (Ph.D. thesis, Faculty of Engineering, Cairo University, Cairo)
21. Attia BB (2018) Unconventional water resources and agriculture in Egypt. Part V Securing

water resources in Egypt: Securing water resources for Egypt: a major challenge for policy
planners, 485–506

22. Elbana TA, Bakr N, ElbanaM (2018) Unconventional water resources and agriculture in Egypt.
Part V Securing water resources in Egypt: Reuse of treated wastewater in Egypt: challenges
and opportunities, 429–453

23. AboulroosS, SatohM(2017) Irrigated agriculture inEgypt, past, present and future.Chapter 11:
Challenges in exploiting resources—general conclusion, 267–283

https://www.gtap.agecon.purdue.edu/resources/download/7118.pdf
http://dx.doi.org/10.1007/978-94-017-8026-1_3
https://www.mwri.gov.eg/index.php/ministry-7/2017-02-13-15-05-27


Irrigation: Water Resources, Types and Common Problems in Egypt 31

24. Sherif AEEA, Rabie AR, Abdelhafez AA (2017) Accumulation trends of heavy metals in
Cupressus sempervirens and Eucalyptus camaldulensis trees grown in treated wastewater
irrigated soil. Alex Sci Exch J 38(2):220–230

25. Fath HES (2018) Unconventional water resources and agriculture in Egypt. Part V Securing
water resources in Egypt: Desalination and greenhouses, 455–483

26. Lamei A, van der Zaag P, vonMünch E (2008) Impact of solar energy cost on water production
cost of seawater desalination plants in Egypt. Energy Policy 36(2008):1748–1756. https://doi.
org/10.1016/j.enpol.2007.12.026

27. Janick J (2002)Ancient Egyptian agriculture and the origins ofHorticulture. In: ISHSActaHor-
ticulturae 582: international symposium on mediterranean horticulture: issues and prospects.
https://doi.org/10.17660/ActaHortic.2002.582.1

28. de Feo G, Angelakis AN, Antoniou GP, El-Gohary F, Haut B, Passchier CW, Zheng XY
(2013) Historical and technical notes on aqueducts from prehistoric to medieval times. Water
5(4):1996–2025

29. Mays LW (2008) A very brief history of hydraulic technology during antiquity. Environ Fluid
Mech (Dordr) 8(5–6):471–484. https://doi.org/10.1007/s10652-008-9095-2

30. Mirti TH, Wallender WW, Chancellor WJ, Grismer ME (1999) Performance characteristics of
the shaduf: a manual water-lifting device. Appl Eng Agric 15(3):225–231

31. Mays LW (2010) Water technology in ancient Egypt. In Mays L (ed) Ancient water tech-
nologies. Springer Netherlands, Dordrecht, pp 53–65. https://doi.org/10.1007/978-90-481-
8632-7_3

32. Rorres C (2000) The turn of the screw: optimum design of an Archimedes screw. J Hydraul
Eng 126(1). http://dx.doi.org/10.1061/(ASCE)0733-9429(2000)126:1(72)

33. Koutsoyiannis D, Angelakis AN (2003) Hydrologic and hydraulic science and technology in
ancient Greece. In: Stewart BA, Howell T (eds) Encyclopedia of water science. Dekker, New
York, pp 415–417. http://dx.doi.org/10.13140/RG.2.1.1333.5282

34. Evans RG, LaRue J, StoneKC,KingBA (2013) Adoption of site-specific variable rate sprinkler
irrigation systems. Irrig Sci 31:871–887. https://doi.org/10.1007/s00271-012-0365-x

35. Howell TA (2001) Enhancing water use efficiency in irrigated agriculture contrib. from the
USDA-ARS, Southern Plains Area, Conserv. and Production Res. Lab., Bushland, TX 79012.
Mention of trade or commercial names is made for information only and does not imply an
endorsement, recommendation, or exclusion by USDA-ARS. Agron J 93:281–289. https://doi.
org/10.2134/agronj2001.932281x

36. Gilley JR (1996) Sprinkler irrigation systems. In: Pereira LS, Feddes RA, Gilley JR, Lesaffre
B (eds) Sustainability of irrigated agriculture. NATO ASI Series (Series E: Applied Sciences),
vol 312. Springer, Dordrecht, pp 291–307. https://doi.org/10.1007/978-94-015-8700-6_17

37. Deng XP, Shan L, Zhang H, Turner NC (2006) Improving agricultural water use efficiency in
arid and semiarid areas of China. Agric Water Manag 80(1):23–40. https://doi.org/10.1016/j.
agwat.2005.07.021

38. Chaves MM, Santos TP, Souza CR, Ortuño MF, Rodrigues ML, Lopes CM, Maroco JP,
Pereira JS (2007) Deficit irrigation in grapevine improves water-use efficiency while con-
trolling vigour and production quality. Ann Appl Biol 150:237–252. https://doi.org/10.1111/j.
1744-7348.2006.00123.x

39. Caswell MF (1991) Irrigation technology adoption decisions: empirical evidence. In: Dinar
A, Zilberman D (eds) The economics and management of water and drainage in agriculture.
Springer US, Boston, MA, pp 295–312. https://doi.org/10.1007/978-1-4615-4028-1_15

40. USDA (1997) Irrigation guide. National engineering handbook. Part 652. The United States
Department of Agriculture (USDA). Available at: https://policy.nrcs.usda.gov/17837.wba

41. Brouwer C (1985) Irrigation water management: irrigation methods. Training manual no 5.
FAO—Food andAgriculturalOrganization of theUnitedNations. http://www.fao.org/agl/aglw/
fwm/Manual5.pdf

42. Verheye WH (2009) Management of agricultural land: climatic and water aspects. In: Verheye
WH (ed) Encyclopedia of land use, land cover and soil sciences: land use management and case
studies. Volume IV, Encyclopedia of life support systems, Eolss Publishers Co. Ltd., Oxford,
UK, pp 61–97

https://doi.org/10.1016/j.enpol.2007.12.026
https://doi.org/10.17660/ActaHortic.2002.582.1
https://doi.org/10.1007/s10652-008-9095-2
https://doi.org/10.1007/978-90-481-8632-7_3
http://dx.doi.org/10.1061/(ASCE)0733-9429(2000)126:1(72)
http://dx.doi.org/10.13140/RG.2.1.1333.5282
https://doi.org/10.1007/s00271-012-0365-x
https://doi.org/10.2134/agronj2001.932281x
https://doi.org/10.1007/978-94-015-8700-6_17
https://doi.org/10.1016/j.agwat.2005.07.021
https://doi.org/10.1111/j.1744-7348.2006.00123.x
https://doi.org/10.1007/978-1-4615-4028-1_15
https://policy.nrcs.usda.gov/17837.wba
http://www.fao.org/agl/aglw/fwm/Manual5.pdf


32 A. A. Abdelhafez et al.

43. El-NasharWY, Elyamany AH (2017) Value engineering for canal tail irrigation water problem.
Ain Shams Eng J. https://doi.org/10.1016/j.asej.2017.02.004

44. El-Kilani RMM, Sugita M (2017) (Chapter 6) Irrigation methods and water requirements in
the Nile Delta 125-151. Irrigated agriculture in Egypt, past, present and future

45. Khanna M, Malano HM (2006) Modelling of basin irrigation systems: a review. Agric Water
Manag 83(1):87–99. https://doi.org/10.1016/j.agwat.2005.10.003

46. Skogerboe GV, Bandaragoda DJ (1998) Managing irrigation for environmentally sustain-
able agriculture in Pakistan. Report No. R-77. Towards environmentally sustainable agricul-
ture in the Indus basin irrigation system. Pakistan National Program, International Irrigation
Management Institute (IIMI), Lahore

47. Erie LJ, Dedrick AR (1979) Level-basin irrigation: a method for conserving water and labor.
USDA, Farmers’ Bulletn Number 2261, Washington, DC

48. USDA (2012) Part 623 Irrigation, national engineering handbook. Chapter 4, Surface irrigation,
1–131. https://directives.sc.egov.usda.gov/opennonwebcontent.aspx?content=32940.wba

49. Norris PK (1934) Cotton production in Egypt. Tech Bull 451:1–42. United State, Department
of Agriculture. Washington DC

50. USDA (1983) Section 15: Irrigation-Chapter 5: Furrow irrigation. National engineering hand-
book. United States Department of Agriculture. https://www.wcc.nrcs.usda.gov/ftpref/wntsc/
waterMgt/irrigation/NEH15/ch5.pdf

51. Mailapalli DR, Raghuwanshi NS, Singh R (2009) Sediment transport in furrow irrigation. Irrig
Sci 27:449–456. https://doi.org/10.1007/s00271-009-0160-5

52. Dibal JM, Igbadun HE, Ramalan AA, Mudiare OJ (2014) Modelling furrow irrigation-induced
erosion on a sandy loam soil in Samaru, Northern Nigeria. International Scholarly Research
Notices 2014(8). https://doi.org/10.1155/2014/982136

53. Lentz RD, Sojka RE (2000) Applying polymers to irrigation water: evaluating strategies for
furrow erosion control. Am Soc Agric Eng 43(6):1561–1568. http://dx.doi.org/10.13031/2013.
3056

54. Kang S, Shi P, Pan Y, Liang ZS, Hu XT, Zhang J (2000) Soil water distribution, uniformity
and water-use efficiency under alternate furrow irrigation in arid areas. Irrig Sci 19:181–190.
https://doi.org/10.1007/s002710000019

55. El Gamal F (2000) Irrigation in Egypt and role of national water research center. In: Lamad-
dalena N (ed) Annual meeting of the mediterranean network on collective irrigation systems
(CIS_Net). Bari, CIHEAM, pp 33–44

56. USDA(2012)Chapter 4: Surface irrigation.National engineeringhandbook. Part 623 Irrigation.
Available at https://directives.sc.egov.usda.gov/opennonwebcontent.aspx?content=32940.wba

57. Finey S (2016) Sustainable water management in smallholder farming: theory and practice.
CABI, Oxfordshire, UK. https://doi.org/10.1079/9781780646862.0000

58. WalkerWR(1989)Guidelines for designing and evaluating surface irrigation systems. Food and
Agriculture Organization of the United Nations, Rome. http://www.fao.org/docrep/T0231E/
t0231e00.htm#Contents

59. Mateos L (1998) Assessing whole-field uniformity of stationary sprinkler irrigation systems.
Assessing whole-field uniformity of stationary sprinkler irrigation systems. Irrig Sci 18:73–81.
https://doi.org/10.1007/s002710050047

60. Evans RG, King BA (2012) Site-specific sprinkler irrigation in a water-limited future. Am Soc
Agric Biol Eng 55(2):493–504

61. McLean RK, Sri Ranjan R, KlassenG (2000) Spray evaporation losses from sprinkler irrigation
systems. Can Agric Eng 32(1):1–8

62. Playán E, Salvador R, Faci JM, Zapata N, Martínez-Cob A, Sánchez I (2005) Day and night
wind drift and evaporation losses in sprinkler solid-sets and moving laterals. Agric Water
Manag 76(3):139–159. https://doi.org/10.1016/j.agwat.2005.01.015

63. Dechmi F, Playán E, Cavero J, Facl JM, Martínez-Cob A (2003) Wind effects on solid set
sprinkler irrigation depth and yield of maize (Zea mays). Irrig Sci 22:67–77. https://doi.org/
10.1007/s00271-003-0071-9

https://doi.org/10.1016/j.asej.2017.02.004
https://doi.org/10.1016/j.agwat.2005.10.003
https://directives.sc.egov.usda.gov/opennonwebcontent.aspx?content=32940.wba
https://www.wcc.nrcs.usda.gov/ftpref/wntsc/waterMgt/irrigation/NEH15/ch5.pdf
https://doi.org/10.1007/s00271-009-0160-5
https://doi.org/10.1155/2014/982136
http://dx.doi.org/10.13031/2013.3056
https://doi.org/10.1007/s002710000019
https://directives.sc.egov.usda.gov/opennonwebcontent.aspx?content=32940.wba
http://www.fao.org/docrep/T0231E/t0231e00.htm#Contents
https://doi.org/10.1007/s002710050047
https://doi.org/10.1016/j.agwat.2005.01.015
https://doi.org/10.1007/s00271-003-0071-9


Irrigation: Water Resources, Types and Common Problems in Egypt 33

64. Martínez-Cob A, Playán E, Zapata N, Cavero J (2008) Contribution of evapotranspiration
reduction during sprinkler irrigation to application efficiency. J IrrigDrainEng134(6):745–756.
http://dx.doi.org/10.1061/(ASCE)0733-9437(2008)134:6(745)

65. Clothier BE, Green SR (1994) Root zone processes and the efficient use of irrigation water.
Agric Water Manag 25(1):1–12. https://doi.org/10.1016/0378-3774(94)90048-5

66. Colaizzi PD, Barnes EM, Clarke TR, Choi CY,Waller PM, Haberland J, Kostrzewski M (2003)
Water stress detection under high frequency sprinkler irrigation with water deficit index. J Irrig
Drain Eng 129(1):36–43. http://dx.doi.org/10.1061(ASCE)0733-9437(2003)129:1(36)

67. Henkel M (2015) 21st century homestead: sustainable agriculture III: agricultural practices.
First edition

68. Brouwer C, Prins K, Heibloem M (1989) Irrigation water management-Training manual no.
4: Irrigation scheduling. FAO Land and Water Development Division. www.fao.org/docrep/
t7202e/

69. Bhattarai SP, Midmore DJ, Pendergast L (2008) Yield, water-use efficiencies and root distri-
bution of soybean, chickpea and pumpkin under different subsurface drip irrigation depths and
oxygation treatments in vertisols. Irrig Sci 26:439. https://doi.org/10.1007/s00271-008-0112-5

70. Subramani T, Prabakaran DJ (2015) Uniformity studies and performance of sprinkler and drip
irrigation. Int J Appl Innov Eng Manag (IJAIEM) 4(5):284–293

71. Capra A, Scicolone B (2007) Recycling of poor quality urban wastewater by drip irrigation
systems. J Clean Prod 15(16):1529–1534. https://doi.org/10.1016/j.jclepro.2006.07.032

72. Rajak D, Manjunatha MV, Rajkumar GR, Hebbara M, Minhas PS (2006) Comparative effects
of drip and furrow irrigation on the yield and water productivity of cotton (L.) in a saline
and waterlogged vertisol. Agric Water Manag 83(1):30–36. http://dx.doi.org/10.1016/j.agwat.
2005.11.005

73. Dinar A, Yaron D (1990) Influence of quality and scarcity of inputs on the adoption of modern
irrigation technologies. Western J. Agr. Econ. 15(2):224–233
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