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7.1 Background

Irrigation is instrumental in increased agricultural production
(Kukal and Irmak, 2020; Usman and Gerber, 2019; Burney et al., 2010;
Asayehegn et al., 2012). Like every other developmental stride, irriga-
tion projects bring about social, economic, and environmental changes.
Development targets achievement of positive and sustainable change,
though some conflicting factors may arise due to development. To
improve the well-being of both human and the environment, the devel-
opmental program should be evaluated before implementation to ensure
minimal adverse social and environmental impacts while delivering its
purpose (Hassanvand et al., 2017). Gone are the days when ecological
degradation was ignored (Perret and Payen, 2020). In this regard, more
awareness has been supported to educate people on better irrigation and
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drainage practices. Although the advantages of irrigation prevail over its disadvantages and costs, it
is still necessary to discuss those adverse impacts that come with it. This would help decision/policy
makers, irrigators, and farmers adopt ideal irrigation plans, designs, and management practices that
could promote ecological sustainability. The need to establish lasting benefits and reduce adverse effects
prompted the support of the concept of sustainability. Regarding agricultural development, water is
generally insufficient in different regions of the world, yet agriculture is recorded as one of the signifi-
cant withdrawals of water.

In addition, freshwater is not evenly distributed across the globe. For this reason, with increasing
human population and human activities that require water has led to the continuous search for enough
quality water to carry out these activities. The problem of water scarcity has prompted people in various
parts of the world, especially the middle east, to resort to the use of wastewater (treat and untreated or
poorly treated) for irrigation as a means of ameliorating their situation (Guadie et al., 2021; Thiruchelve
et al., 2020; Al-Reyami et al., 2020). This reutilizing of wastewater has earned importance recently, par-
ticularly in the arid and semi-arid areas (EI Moussaoui et al., 2019; Villamar et al., 2018; Ofori et al.,
2021). Although many studies have suggested some benefits of wastewater reuse in irrigation, the confir-
mation of its appropriateness and general acceptance for irrigation is still a debate among researchers.
This is owing to the various drawbacks associated with wastewater irrigation. Therefore, the problem
with wastewater reuse is that while trying to solve water scarcity in agriculture, it equally brings about
harmful effects to both human and the environment (Guadie et al., 2021; Gohil, 2000; Rehman et al.,
2019). This is likely to manifest with the continuous use of wastewater (e.g., municipal wastewater) as
it would lead to heavy metal accumulation in the irrigated area, plants, and groundwater (Thiruchelve
et al., 2020). For instance, when there is a high level of heavy metals in agricultural soils and crops,
the lives of the consumers of the farm produce (crops and vegetables) are threatened (Chaoua et al.,
2019). Moreover, due to low expertise and funding, many developing countries still irrigate their farms
with untreated or unwell-treated wastewater, which could be dangerous to the environment, health, and
economy (Adewumi and Ajibade, 2019). A study on the environmental impacts of wastewater for irriga-
tion at Dhamar City, Republic of Yemen, carried out by Rageh et al. (2017) suggested that direct use of
wastewater is not suitable for irrigation because of the risks it presents to the environmental resources
(Al-Reyami et al., 2020). Therefore, it is imperative to treat wastewaters from chemical contaminants,
pathogens, and salinity to avoid the adverse effects it would present on the groundwater and soil con-
ditions (Al-Reyami et al., 2020). Generally, it is necessary to conduct wastewater characterization to
determine the possibility of using such wastewater for irrigation without jeopardizing human and envi-
ronmental health (Ajibade et al., 2014a,b; Braga and Varesche, 2014; Ilori et al., 2019; Adewumi and
Ajibade, 2019). Soil characteristics should also be considered while resorting to wastewater irrigation.

To evaluate the imports of any anthropological exploitation practice on the environment and estab-
lish effective actions to prevent and lessen negative impacts and enhance encouraging results, a formal
process known as environmental impact assessment (EIA) is adopted. The EIA offers such benefits as
predicting problems, figuring out ways to avoid the issues, and enhancing the positive impacts of a par-
ticular project (Dougherty et al., 1995). The adverse environmental effects of irrigation take some time to
surface (Yusuf, 2008); hence, ecological impact assessment of every project should be carried out, bear-
ing in mind the eruption of its adverse impacts in the future. This is imperative as it is inevitable that
anything that affects the environment would directly or indirectly affect lives as well.

Generally, evaluating how sustainable an irrigation project can be is dependent upon the availability
of local water and other water uses, the historical background of how irrigation systems have devel-
oped, and the peculiar attributes associated with particular irrigation practices considered (Baldock
et al., 2000). Factors such as topography, rainfall characteristics, type of source available, and soil pro-
file are essential in the selection of an irrigation scheme (Asawa, 2005). Also, combined use of surface
and ground waters for irrigation is considered to yield maximal efficiency and benefits (Asawa, 2005).
Different irrigation types are in use in the various parts of the world concerning the various deter-
mining factors and economic considerations. Therefore, environmental impacts attributed to irrigation
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would also vary with county and country (Baldock et al., 2000). Agriculture is considered a high con-
sumer of water globally; in some cases, polluted water is used to meet the agricultural demand in irriga-
tion (Ajibade et al., 2021). Baldock et al. (2000) further classified the ways by which irrigation affects the
environment into four basic categories, viz.:

i. Direct impacts on water sources: irrigation affects the quality and quantity of surface and ground
waters.

ii. Direct impacts on soil: irrigation affects the quality (via pollution) and quantity (via erosion) of
the soil.

iii. Direct impacts on biodiversity and landscape: irrigation displaces earlier habitats. It creates new
ones, either by debasing or preserving the existing habitats and affecting the diverseness and con-
stitution of landscapes.

iv. Secondary impacts resulting in intensified agrarian production from irrigation (e.g., an increase
in fertilizer usage).

These effects may take a gradual process to unfold (for instance, reduction in certain species as a result
of contamination) or manifest dramatically (as can be seen when a valley gets flooded and thus creates
a reservoir for irrigation, or when there are canal formations in a river which reduce and destabilize the
flow of such river) (Baldock et al., 2000). Although irrigation has numerous advantages to both the envi-
ronment and agricultural production, this chapter focuses more on the adverse impacts of irrigation to
the environment and other components therein.

7.2 Soil Degradation, Erosion, and Sedimentation

Soil degradation is one of the significant environmental impacts of irrigation. It is, therefore, important
that proper monitoring and management of irrigated soils are regularly done to help proffer solutions to
the various soil degradation issues associated with multiple types of irrigation practices. There are variet-
ies of agricultural activities resulting from an increase in intensified production that can lead to depletion
of soil fertility. For instance, monocropping without enough time to fallow, rise in soil salinity resulting
from continuous irrigation, reduced organic matter (OM) content of the soil, and increase in soil toxicity
resulting from increased use of agrochemicals (e.g., fertilizers, pesticides, and herbicides), all contribute
to soil degradation (Baldock et al., 2000; Dougherty et al., 1995; Tilman et al., 2002). In addition, irrigat-
ing with wastewater and using polymer-based fertilizers and pesticides often contribute to microplastic
pollution in agricultural soils, thereby degrading the soil health and quality (Kumar et al., 2020).

FAO (1992) affirms that about 0.5% (i.e., about 5-7 million ha) of arable land becomes unproductive
yearly due to soil degradation. Soil degradation as a result of irrigation covers many aspects of environ-
mental degradation, including erosion, sedimentation, soil salinity, alteration of soil properties, and
river morphology. Among these environmental impacts, soil salinization remains the primary cause of
soil being unproductive. It affects production in many ways, such as in crop selection, crop germination,
and yield, and making the soil tough to work on (Dougherty et al., 1995). Therefore, it is necessary to
evaluate irrigation water quality and its compatibility with a particular soil type before irrigation is car-
ried out to avoid or reduce associated adverse environmental impacts if not adequately assessed (Ayers
and Westcot, 1985). For instance, a low-quality water might be good for irrigation on a sandy or perme-
able soil while such water could be considered unsafe for irrigation on clayey soil. Such difference in
choice or acceptability of a particular water quality for a type is important. These soil degrading impacts
of irrigation are discussed one after the other as follows.

7.2.1 Erosion

The exposure of irrigated lands to erosion is highly dependent on the type of irrigation adopted
(Dougherty et al., 1995). The regular introduction of water into an area makes it wetter, hence making
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it get saturated when there is a raindrop. This in turn reduces the absorption or infiltration of rainwater
into the soil, thereby building up more runoff which carries both soil particles and essential nutrients
alongside. Aspects such as field size, stream size, gradient, and field layout do not change easily and they
have a significant influence on erosion rates (Dougherty et al., 1995). Irrigation is a technical project that
needs to be implemented and handled with adequate care to avoid extreme environmental hazards. Like
other agricultural practices, irrigation affects soil structure and soil erodibility; therefore, proper irriga-
tion practices should be adopted to eliminate soil degradation from irrigation. For instance, the ancient
in-field patterns for managing water involving inadequate land development (cut and fill) practices by
waterway embarkments could lead to severe local erosion at the upper-end of the watered land and
simultaneously causing sedimentation at the middle- or lower-end areas of the farmland. Moreover, the
field’s microtopographic configuration will be altered, which may result to uneven distribution of water
on the irrigated field. The increased erosion rate common in some irrigation projects’ surrounding is
often due to increased economic activities which the project attracts.

Furthermore, Ofori et al. (2021) affirm that wastewaters have more OM content compared to other
sources of irrigation water (e.g., groundwater), and this has made wastewater a good and valued source
of irrigation water since it could be rich in OM necessary for plant growth and yield. An increase in the
soil OM content improves soil compatibility, soil erodibility, soil buffering capacity against acidification,
nutrient cycling, and availability of nutrients such as nitrogen, phosphorus, and sulfur (Murphy, 2015).
However, it has been reported that sodium adsorption ratio (SAR), an important factor considered in
irrigation, relatively increased in wastewater irrigated soils those irrigated with conventional irriga-
tion water (Ofori et al., 2021). SAR helps to show how sodium ions affect the soil structure (Marchuk
and Rengasamy, 2010). Some adverse effects on both crops and soil occur when SAR becomes high in
the ground, viz. decreased crop growth and increase in plant toxicity (Magsood et al., 2015), calcium
deficiency in plants (Imran et al., 2010), reduction in dissolved organic carbon (OC) sorption (Mavi
et al., 2012), reduced soil fertility and agricultural productivity, damage to soil structural stability
(Ofori et al., 2021), and decreased soil permeability and hydraulic conductivity (Arienzo et al., 2012;
Oster et al., 2016). Therefore, proper design, good choice of irrigation type/water with regards to the soil
type and topography, moral land development, irrigation frequency, and good water management prac-
tices associated with surface irrigation methods (e.g., use of gates, siphons, and checks) can be effective
in reducing erosion and water distribution hazards on irrigated fields.

7.2.2 Surrounding Area Impact

As earlier said, irrigation is a development project, leading to a rise in anthropogenic activities within
the surrounding establishment, especially in developing nations. This increase in human activities could
result from the increased economic activities associated with irrigation development in an area. For
instance, farmers and their families may engage directly or indirectly in irrigation activities. Irrigation
development promotes anthropogenic activities such as grazing due to the increased number of live-
stock, and the exploitation of forest resources, mainly for wood in the surrounding areas. These activi-
ties, in turn, make the soil more prone to erosion since the vegetation is adversely affected, negatively
affecting the area’s fertility and ecology.

Moreover, clearing more significant non-irrigated parts of the watershed results in rise in the water
table downstream; for areas that have high salinity levels in groundwater, more recharge may lead to more
excellent salt points in the streams and increase the degree of pressure in the lower watered parts of the
field, thereby hindering leaching; this occurrence has been reported in South-eastern Australia, and it
could be controlled by planting deep-rooted crops and trees in the upland areas (Dougherty et al., 1995).

To eliminate these associated problems, necessary plans and actions that can take care of such prob-
lems that might come up should be put in place from the outset of the project. This could be the provi-
sion of allowance for farm animals, firewood, or veg plots within the surrounding area of an irrigation
scheme, and protecting unprotected expanses may be required.
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7.2.3 River Morphology and Configuration

River morphology deals with the movement, direction, and shape of rivers and how they change in these
aspects over time as controlled by rain, other weather conditions, floods and sediment transport. The
capacity and shape of a river are a function of its current, the bed and bank material, and the sediments
transported by the current. More energy and sediment loads go with the fast-flowing river than with a
slow-moving one. Therefore, sediments settle more in reservoirs and deltas where flow velocity weakens
(Khan et al., 2014). On the other hand, a river is said to be in a regime when the flow is moderately con-
stant such that it is not erosive and the same time not slow to cause deposition of sediment (Dougherty
et al,, 1995). Khan et al. (2014) further stated that when the sediment transport capacity of the flow
becomes greater than the sediment input to the river, channel bed erosion develops, while the reverse
leads to channel bed aggradation. However, this condition changes with time. When flow reduces, river
morphology is affected as the capacity of the flow to carry sediments reduces leading to their deposition
in the slower moving reaches, thereby causing shrinkage of the river channel, and the reverse becomes
the case for fast flow. Similarly, for a section where sediment balance is altered probably by reservoir or
scouring of a dregs controlling structure, river morphology is significantly affected. Petts and Gurnell
(2005) suggested that riparian vegetation equally influences river morphology since plants growth along
the river floodplains leads to narrower channels. Also, when water is released from a reservoir, scouring
may occur which would result in the dropping of the bed level proximately downriver of the dam which
can be seen as an opposite of the possible resultant impact of low flow. It can be deduced that the major
causes of change in river morphology within the area of irrigation scheme are erosion and sedimenta-
tion. Therefore, alteration of river morphology would affect the downstream uses such as navigation,
withdrawal for drinking, industry, and irrigation. It may also have a great negative effect on the river
ecology.

7.2.4 Channel Structures

Exposure of canal to impairment is greatly associated with alteration of the channel morphology and
regime condition (Dougherty et al., 1995). This is because there would likely be some problems of
siltation, and others related to pump and filtration operation at the intake structures resulting from
increased suspended sediments. Water withdrawal assemblies may get blocked by sediments or water
may be left beyond their reach. Furthermore, the debasement of the channel equally endangers the
wholeness of the hydraulic structures (e.g., intakes, headworks, flood protection) and bridges; when
structures are newly constructed, existing neighboring constructions are affected since the flow condi-
tion is changed or affected (Dougherty et al., 1995).

7.2.5 Sedimentation

Sedimentation is unavoidable in irrigated areas as they are very vulnerable to erosion. It is a global
issue that affects both the irrigation systems design and the operational performance (de Sousa et al.,
2019). Ensuring enhanced water and sedimentation management in irrigation is imperative to ensure
sufficient water supply as well as to promote food production (Kisi, 2012; Kuscu et al., 2009). As earlier
discussed, irrigated area gets wetter, hence reducing its capacity to absorb rainwater. This often leads
to building up of runoft which flows along with sediments. Also, in an event of over-irrigation, runoff
may be observed causing scouring on the field. These sediments are thereafter transported downstream
and even to the river and reservoir bed, causing reduction of the river and reservoir capacity as well as
blockage of hydraulic channels (de Sousa et al., 2019). In addition, irrigated areas are commonly having
less wind-protecting vegetation and this sometimes allows for wind erosion blowing soil particles which
in turn fill the canals (Dougherty et al., 1995). Failure of irrigation structures can occur when the dregs
load of the water source exceeds the volume of the irrigation waterways for transporting the sediments.
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Some commonly known irrigation schemes that have been reported to be challenged by high sedimen-
tation problems are: Coromandel region in New Zealand (Ballantine et al., 2014; Marden and Rowan,
2015), Khoshi river system and Sunsari Morang Irrigation Scheme in Nepal (Depeweg and Paudel,
2003; Paudel, 2010), Elkhorn Slough Watershed and Upper North Santiam River Basin, Oregon in USA
(Ouellet-Proulx et al., 2016; Spear et al., 2008; Uhrich and Bragg, 2003), Jatiluhur irrigation system,
at Bekasi Weir Irrigation Scheme in Indonesia (Sutama, 2010), Magdalena river in Colombia (Higgins
et al., 2015), and Iguatu Experimental Watershed in Brazil (Santos et al., 2017). In Africa, most pro-
nounced irrigation schemes in terms of high sedimentation issues include: Southwest Kano Irrigation
Scheme in Kenya (Ochiere et al., 2015), Metahara Scheme in Ethiopia (Ali et al., 2014; Bishaw and Kedir,
2015; Munir, 2011), Gezira Irrigation Scheme in Sudan (Osman, 2015), in suburban tropical basin in
Congo (Lootens and Lumbu, 1986), and irrigation schemes in South Africa (de Sousa et al., 2019).

In order to arrest this menace as well as avoid the high cost of desilting canals and reservoir, some
effective designs, planning and sedimentation monitoring tools should be employed from the onset of
the project. For instance, the installation of sediment excluders/extractors at the headworks can assist in
mitigating sedimentation and failure of irrigation canals.

7.2.6 Soil Salinity

Increase in soil salinity is one of the major environmental problems caused by irrigation (Manasa et al.,
2020; Fathizad et al., 2020; Pulido-Bosch et al., 2018; Singh, 2018, 2021). FAO (2020) (as cited in Singh,
2021) affirms that over 3% of the global soil resources have been affected by salt. Many researchers have
identified the common means by which soil salinity is increased on an irrigation scheme (Dougherty
etal., 1995), and they include:

i. Accumulation of salt content in the soil resulting from salts in the irrigation water: irrigation water
often has some salt content; part of the water introduced on the field is absorbed by plants, some
infiltrate into the soil, and the other evaporate into the atmosphere. This water redistribution
occurs while its salt content remains on the field but some infiltrate with water through the soil
profile. Hence, the salt content of the irrigated soil increases with time as irrigation continues.

ii. Use of agrochemicals: soil salinity increases from the increased use of solutes or agrochemicals in
the form of natural or artificial fertilizers, pesticides, etc. as not all the constituent salts would be
used by crops.

iii. Movement of naturally occurring salt in the soil: salts occurring naturally in the soil may form solu-
tion with soil water or exist naturally as salty groundwater. Such challenge is more pronounced
in the desert or dry zones where occurrence of leaching is almost impossible. In areas with both
high groundwater level and salinity, water rises by capillarity and evaporates into the atmosphere
while salts are left on the soil surface or within the subsoil.

iv. Change or transfer of irrigation method: humidity/salinity bridge may occur when there is a change
from rainfed to irrigation of a single crop, or change from one to dual irrigation. The bridge is
usually created between the deep groundwater and the salt-free surface layers of the soil. Careful
soil monitoring is suggested in this regard especially when the irrigated regime is increased.

Moreover, increase in groundwater salinity may exist as result of waterlogging. However, saline ground-
water is mainly pronounced in coastal areas. Salinization in soil and water resources is commonly
caused by poor irrigation and drainage systems or practices in arid conditions (Perret and Payen, 2020).
Fortunately, proper land development (cut and fill) and properly sustained drainage networks could
help efficiently in ensuring even water distribution as well as mitigating salinity effects. Furthermore,
the position of the freshwater and saline water boundary within the coastline is dependent upon the
hydraulic potential of the freshwater (Dougherty et al., 1995). For lower water table, the boundary moves
inland as the pressure decreases. This consequently leads to high increase in salinity of freshwater which
adversely affects the soil, crop yield, local ecology, and exposes the people using such water (especially
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FIGURE 7.1 Soil degradation resulting from waterlogging and salinization in irrigated areas (Singh, 2021).

for drinking) to health risk. Also, the use of wastewater for irrigation increases rate of salinization at
0-30cm and 30-60 cm depths of the soil, although the salinity of freshwater irrigated soils is relatively
low, especially at the deep soil layers (Khanpae et al., 2020). In a similar way, Niemeyer et al. (2020)
reported that irrigation with produced water negatively affects the soil habitat function, and aquatic
testing with leachates showed likely impacts to adjacent water bodies. Figure 7.1 shows soil degradation
because of waterlogging and salinization in irrigated areas.

7.2.7 Soil Properties

Irrigation water affects soil structure and other soil properties, especially when long-term irrigation
regimes is practiced; these effects of irrigation water on the soil properties are dependent upon the
water quality, method of application, and nature of the irrigated soil, and may be beneficial or nega-
tive (Adejumobi et al., 2014), but wastewaters (treated/untreated) have been reported to cause more
adverse effects than tap-water (Ofori et al., 2021). The buildup of salts in the soil is capable of causing
permanent impairment to the soil structure crucial for irrigation and crop productivity; such negative
impact is observed more in clayey soils where the presence of sodium causes the failure of soil struc-
ture (Dougherty et al., 1995). This effect brings about some difficulties such as rendering the area less
productive for growing crops, making the soil difficult to work, and making reclamation difficult (if not
impossible) for reclamation by standard techniques. However, the practice of mixing irrigation water or
soil with gypsum prior to irrigation is employed to lessen the sodium content and effect in sodic soils
(Dougherty et al., 1995).



174 Handbook of Irrigation Hydrology and Management

In some areas (e.g., coastal swamps), acidification may be a great problem. The transition from rainfed
to irrigated crop production needs adequate availability of nutrient as some amount of water and nutri-
ents are lost through the soil cross section. If proper attention is ignored, the irrigation project becomes
inefficient. When the water loss through the soil profile gets high, there would likely be an increased
loss of beneficial cations. Also, a reduction in soil pH may lead to inability of plants to absorb nutrients
and/or a rise in heavy metals presence in the soil; similarly, decrease in soil pH may equally cause a
decrease in OM content of the soil and this consequentially leads to degradation of soil structure as well
as decrease in soil fertility. For instance, a study carried out on the soils of the Omi Irrigation Scheme,
Kogi State, Nigeria after 13years of its operation showed that there was a change (reduction) from the
initial neutral soil pH level (pH=6.65-7.00) to at the beginning of the scheme to slightly acidic pH level
(pH=6.53-6.60) (Adejumobi et al., 2014). They equally observed a significant increase in some biologi-
cal, physical and chemical of the soil including cation exchange capacity, OM, and OC. Hence, proper
attention and monitoring should be given in this regard as remedying soil deterioration and acidifica-
tion complications is very expensive.

7.3 Water and Air Quality

The environment and human health are affected by the quality of air. Therefore, efforts are being made
globally to develop various ways to improve the quality of air. The largest environmental health risk is
air pollution. It is a global crisis that has become increasingly significant in recent times and will con-
tinue well into the future. Poor air quality directly affects all living things. Some air pollutants contrib-
ute to greenhouse gas (GHG) emission and disrupt the processes in the ozone protective layer. It is thus
necessary to protect this resource by ensuring that it is of the highest possible quality.

Water is another vital natural resource. Though the earth surface seemingly has an abundance of
water, only some portion of the global water available is usable, making it a limited resource that must
be used carefully. Water is used for varying purposes; its quality must, therefore, be determined before
use. Furthermore, regular monitoring of the different sources of water is required to assess its quality.

7.3.1 Toxicity

Toxicity usually occurs when certain salts present in irrigation water are taken up by plants and accumu-
lated in the leaves, causing damage to the plants. A high concentration of boron, chloride, and sodium
in irrigation water leads to toxicity and harm plants. The concentration of salts in irrigation water that
would lead to toxicity differs depending on the crop sensitivity. Testing of water can assist in ascertain-
ing any components that might be toxic to plant.

Wastewater reuse in irrigation agriculture has recently become common in areas where water short-
ages are more pronounced (low-income, arid and semi-arid countries) (Hajjami et al., 2012). Particularly
in the developing countries, reuse of untreated wastewater is becoming widespread (WWAP [United
Nations World Water Assessment Programme], 2017). Wastewater irrigation is gaining broader recog-
nition in many parts of the world because of its many advantages, water scarcity, and climate change.
However, aside from the multiple benefits of this resource, reuse water also comprises heavy metals
that create problems for agricultural production (Alghobar and Suresha, 2017). Therefore, long-term
reuse of industrial or municipal irrigation wastewater can contribute to toxic pollutant accumulation in
agricultural soils and plants (Singh et al., 2010). A study by Arora et al. (2008) suggested that irrigating
farmlands with wastewater led to a high concentration of heavy metals in the growing plants’ edible
portions (Arora et al., 2008).

Excessive heavy metal deposition on agricultural soils by irrigating with wastewater is dangerous to
the lives of inhabitants who consume crops grown in polluted areas (Chaoua et al., 2019). Toxicity effects
on human health by heavy metal intake through food is already a concern reported worldwide (Malan
et al., 2015).
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7.3.2 Pollution

Pollution is the contamination of the environments with harmful substances to the health and well-
being of its inhabitants. Pollutants are toxic substances produced in higher-than-average concentra-
tions, which harm our ecosystems. Pollution of water is a global crisis faced by both developing and
developed countries; it undermines economic development and the socio-environmental resilience
and well-being of billions of people (Mateo-Sagasta et al., 2017). Due to excessive water pollution
and global scarcity of water resources, protecting river water quality is very critical (Dwivedi and
Shikha, 2016).

Irrigation has often been linked to water pollution caused by runoff and leaching of salt, pesticides,
and fertilizers (Mateo-Sagasta et al., 2017). In many regions, the return flow of irrigation is a significant
cause of water pollution as it impacts water quality for subsequent uses (e.g., domestic, industrial, and
supply for irrigation). More so, institutions like the US Environmental Protection Agency consider irri-
gation to be the critical cause of water pollution (US EPA, 1992).

Use of polluted water from waste, agricultural, or industrial sources in irrigation adversely affects soil
quality, increases the number of trace elements present in plants and soils, and harbors harmful patho-
gens (Allende and Monaghan, 2015; Hass et al., 2010). Polluted water is a potential cause of both direct
and indirect contamination of agricultural produce (Singh et al., 2018), which contributes to increased
soil and water degradation (Islam et al., 2018). Contaminants in soils are leached to the unsaturated zone
in regions where over-irrigation is practiced, where they can lead to geogenic contaminant mobilization
and possibly raise the levels of contaminants in local groundwater (Nolan and Weber, 2015).

7.3.3 Anaerobic Effects

Appropriate irrigation management is needed to maintain adequate soil moisture in the active root
zone for optimal development of crops. Soil moisture in the crop root stone is increased above field
capacity by over-irrigation. This excessive water application disrupts the soil’s oxygen balance, inun-
dates roots, lowers uptake of plant water, and thereby stresses plants (Irmak and Rathje, 2008). The
restriction of oxygen in the soil leads to anaerobic conditions, affecting plant development and OM
constituents. Shortage of oxygen in the soil profile damages the root, shoots, and germinating seeds they
support (Vartapetian and Jackson, 1997), which are not adapted to this type of environment. Providing a
medium for plant growth is an important function of soil; therefore, changes in its physical and chemi-
cal characteristics have a significant effect on the production of root biomass and, hence, on plant veg-
etation (Pierret et al., 2007). For the optimal development of plants, air and water have to be available in
adequate proportion within the soil. The anaerobic condition affects both the chemical and biological
properties of the soil, subsequently impacting biological activities, leading to many microbes not being
able to survive without oxygen. The reduction of O, and the related mechanisms affect plant survival,
growth, and functioning in waterlogged soils (Pezeshki and DeLaune, 2012). An increased population
of putrefying microorganisms producing toxins and high levels of soil-borne diseases are also anaerobic
effects caused by poor irrigation management.

7.3.4 Gas Emission

Intensified agriculture has proved to play an important role in increasing food production through dif-
ferent irrigation practices (important et al., 2020). Irrigation increases the production of crops; however,
its operation also increases machinery and energy demand, which consumes significant fossil energy
quantities and potentially contributes to GHG emissions (Pimentel and Pimentel, 2003). According to
the Intergovernmental Panel on Climate Change, 2014 (IPCC, 2014), irrigation increases the agricultural
impacts of global warming which is a major contribution of GHG. Increase in soil water content, C min-
eralization, respiration, and microbial activity of soils by irrigation can increase CO, and N,O emission
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(Sainju et al., 2012). Soils flooded by over-irrigation can release N,O and CH, emissions through the
process of denitrification and anaerobic decomposition of OM in the soil (Sainju et al., 2012).

Furthermore, the common practice of continuous flooding irrigation, used for growing rice, releases
a significant quantity of CH,. Continuous flooding leads to anaerobiosis condition in the soil, causing
anaerobic breakdown of complex organic substrates by methanogens and the release of CH, (Islam
etal.,, 2020). Aggravating climate change by increase in GHG emissions, through intensified agricultural
practices, results in reduced agricultural productivity (Hu et al., 2019). Various other negative effects on
the environment include loss of biodiversity, pollution of water, soil erosion, and degradation.

7.3.5 Groundwater Salinity

Roughly 30% of water withdrawn globally for irrigation is estimated to flow back to rivers and ground-
water via conveyance losses and return flows (irrigation water above plant need, drained from the soil
and returned to ground/surface water) (Scanlon et al., 2007). The quality of groundwater is impacted by
return flow as it is usually composed of dissolved salts, concentrated by evapotranspiration. Irrigated
agriculture has critical impacts on groundwater quality and can change the quantity of groundwater
resources (Bouwer, 1987). Groundwater salinization in irrigated soils can occur by: concentration of
salts through the uptake of plant water; irrigation with wastewater, saltwater intrusion due to pumping
of groundwater; leaching down of salts into groundwater (Suarez, 1989; Van Weert et al., 2009). Several
studies have also shown that intensive abstraction of groundwater for irrigated agriculture has led to
the deterioration and depletion of aquifers globally (Faunt et al., 2016; Pulido-Bosch et al., 2018; Wada
et al., 2010).

The salinity of groundwater occurs when the level of concentration of dissolved solids is over a pre-
defined limit (total dissolved solids, or a thousand milligrams of dissolved solids in a liter of water,
mg/L) (Freeze and Cherry, 1979). Saltwater intrusion is a common issue for coastal aquifers worldwide,
mainly where groundwater abstraction is substantial (Werner et al., 2013). Over-exploitation and poor
management have raised the risk for saline water intrusion, which can harm agricultural productivity of
coastal crops by salt accumulation, resulting in harmful effects on soils and plants (El-Fadel et al., 2018).
High salts concentration in groundwater increases salts content in the root zone, thereby exerting an
osmotic effect on plants, causing them to expend and consume more energy in extracting water rather
than using it for plant development and hence stunting plant growth (Blaylock, 1994).

Several past studies also found evidence that high salt concentrations have a detrimental effect on
agricultural potential by lowering crop yields and causing additional costs for salinity management
(Foster et al., 2000; George et al., 2008; Lee and Howitt, 1996).

7.4 Hydrology

Water is an essential aspect of the ecosystem, about 70% of the earth is covered with water while only
about 2.5% is freshwater available for human use. Out of the 2.5% of freshwater available about 30% is
found in groundwater and 70% in rivers, lakes, and glaciers (Salas et al., 2014). This is why a comprehen-
sive understanding of hydrology which is the science that encompasses the existence, occurrence, distri-
bution, properties, and storage of water above, on, and below the earth’s surface is of utmost important
in other to enable conservation of water resources and best management practices for its sustainability
in the ecosystem. A process by which water flows continuously from the earth surface and water bod-
ies to the atmosphere is known as hydrologic cycle. Figure 7.2 shows the hydrological cycle illustrating
how water is circulated through the ecosystem. The limited availability of freshwater has resulted to its
competitive demand, which has widely been increasing, thereby making it difficult to satisfy water for
human consumption, agricultural practices, and other uses (Omotade et al., 2019). Globally, agricul-
ture is the largest demand for water (OECD, 2010; Wallace, 2000) because water use in agriculture is
for cultivation of crops and rearing of livestock; United States Geological Survey (USGS) reports that




Environmental Impacts of Irrigation 177

e Water. Cycle

U.S. Dept. of tha |
T Durver Groundwater storage

tor cycle, omitting tne significant impacts of human infiusnces.

FIGURE 7.2 Hydrological cycle (Water cycle, 2020).

agricultural irrigation alone accounts for about 65% of the global freshwater available (Abunnour et al.,
2016). Irrigation is important because it contributes to increase in agricultural production through the
supply of water to crops to supplement limited rainfall and in dry regions to enable optimum yield.
Recognizing the environmental impacts of irrigation on the hydrological cycle is important in ensur-
ing effective management of groundwater resources and in the enhancement of optimum agricultural
productivity (Foster et al., 2018).

7.4.1 Flow Characteristics Alteration

Irrigation affects the flow characteristics of rivers and groundwater discharge, because whenever new
irrigation schemes are constructed or old schemes rehabilitated, the hydrological regime will be altered
(Dougherty et al., 1995). During the process of fertigation, irrigation results in contamination of surface
water through return flow and pollution of groundwater through seepage. This is because irrigation
is an anthropogenic factor in the hydrological cycle which makes it highly significant in carrying salt
and various contaminants in soil and water (Holy, 1993). Litskas et al. (2010) reported an increase in
the concentration of nitrate due to the use of fertilizer during irrigation. This outcome impairs water
quality, and decreases the sustainability of agricultural ecosystem and the environment (Holy, 1993) as
highlighted in Figure 7.3. Also, poor sustainability of irrigation systems leads to aquifer exhaustion by
abstraction of irrigation water, salinization, or contamination of water by minerals. Intrusion of salt
into river bodies and infiltration of water with high content of salts endanger neighboring soil water
and cause deterioration of watercourses (Foster et al., 2018; Holy, 1993). Impaired water quality in the
downstream regions will have negative impacts on human health, recreation amenities, and make the
ecosystem vulnerable (Brown and Harris, 2005).
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Continuous groundwater-based irrigation also negatively affects the flow between surface and
groundwater, which results in drawdown and other issues, including soil compaction, hence, creating
a disturbance of natural flow regimes as a result of the altered active and passive groundwater recharge
zone (Foster et al., 2000; Leduc et al., 2001). More so, water flow is altered through the reduction of soil
water infiltration capacity, which is as a result of solid particles present in irrigation water which thus



Environmental Impacts of Irrigation 179

influence the aeration rate of the soil. In the process of construction of irrigation systems on the land
area, vegetative cover and top soil are removed, thus causing adverse effects on the hydrological balance
in the watershed. Massive irrigation projects have the possibility of causing environmental disturbances
as a result of changes in the hydrology and limnology of river basins. In addition, diverting water for
irrigation use reduces river base flow which results in reduction in water supply for downstream users,
and thereby increase in the pollution rate from municipal and industrial at the downstream; these pose
health hazards.

7.4.2 Flood Characteristics Alteration

Flood can be defined as the presence of excess water on land as a result of high flow or overflow of water
in an established watercourse (Magami et al., 2014). During rainfall or irrigation, excess water remains
after infiltration and evaporation have taken place when the soil, streams, and artificial reservoirs are
fully saturated with water; this excess water moves along the land surface as runoff. Most times, flood
occurrences are caused by natural factors, but in some cases, anthropogenic (man-made) factors such
as irrigation can also cause flooding. Human activities such as dam construction, irrigation, bridges,
and others have impacted on free flow of water in the drainage channels, rivers, and streams (Aderogba,
2012). Altered flood regime can have adverse effect and negative impacts on the environment, as it reduces
groundwater recharge through floodplains and causes loss of periodic or permanent wetlands. Irrigation
schemes can lead to reduction in the amount of bare ground, thereby making an area to be prone to flood-
ing. Also, it can affect the natural drainage pattern, thereby causing localized flooding. Flow alteration as
a result of human activities emanating from dam construction, stream channelization, canal construc-
tion, irrigation schemes, etc., will lead to flooding and impair the ecosystems (Hupp et al., 2010).

Also, another positive significant impact of irrigation is the reduction in wind erosion risk (Brown
and Harris, 2005). However, the negative impacts of flood are devastating; it can destroy lives and prop-
erties. Flood is perceived as the most dangerous in the physical environment that destroys what people
have labored for in many years (Memon and Sharjeel, 2016). Also, reduce the water quality of down-
stream rivers through the introduction of huge quantity of eroded materials and damage of the envi-
ronment through the leakage of harmful substances which affect the ecosystem (Zelenakova et al., 2016;
Hickey and Salas, 1995). Flood is the most dangerous in the physical environment that destroys what
people have labored for in many years (Memon and Sharjeel, 2016).

7.4.3 Water Table Level Change

Water gets below the earth’s surface through the infiltration of surface water down the soil profile to
become groundwater (Winter et al., 1998). Water is stored within cracks in the rocks and tiny pores
between soil aggregates which makes up of sand, gravel, rock, etc., held together by force of cohesion
and fragmentation processes (Nimmo, 2013). The amount of water held in a soil is dependent on many
factors which include how well the soil particles are loosely arranged, porosity of soil, etc. There are two
main zones that describe where water is found in the ground; they are: unsaturated zone and saturated
zone. Unsaturated zone is the region which lies immediately below the soil surface and contains air and
water in the soil pores and rock fractures. This zone, also known as the zone of aeration, is between the
land surface and aquifer which contains different natural constituents; also, flow processes that occur at
this zone contribute to broad variation of hydrologic processes (Nimmo, 2005).

The saturated zone is the region underlying the unsaturated zone; it has water completely filled in
all its pores and rock fractures. Water table is the upper layer of the zone of saturation; this layer lies
between the unsaturated and saturated zones. Depth of water table varies seasonally depending on the
attributes of the land area; it can be directly below the land surface if such area is close to permanently
existing water bodies such as wetlands, rivers, lakes, or hundreds of meters below the land surface in
some areas (Winter et al., 1998).
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According to Winter et al. (1998), irrigation contributes a larger percent than precipitation to ground-
water recharge, especially in regions with low precipitation and low natural recharge where large irri-
gation systems are used, thus leading to rise in water table. Also, continuous recharge from irrigation
return flow can result in permanent rise in the depth of water table, thereby causing increased outflow
from irrigated area to surface water bodies from shallow groundwater (Winter et al., 1998). In areas with
flat land having low hydraulic gradient, irrigation tends to raise the depth of water table as a result of
losses of irrigation water through leakages from canals and percolation from irrigated fields. This results
in an increase in groundwater recharge and capillary rise of water through the soil profile, thereby
causing the problem of waterlogging of agricultural land and salinity of groundwater. Figure 7.4 shows
a schematic representation of rising water table contributing to the processes of groundwater saliniza-
tion. Groundwater-based irrigation can cause fall of water table; when irrigation water is drawn, there
is a fall of water table which depletes the groundwater system, wells, springs, or river flow. Decrease in
water table will cause springs that are fed by groundwater to dry up and also reduce low flow in rivers.
Likewise, another problem associated with groundwater depletion is saline intrusion along the coast
which leads to severe environmental and economic consequences (Dougherty et al., 1995).

7.4.4 Dam Siting and Operation Impacts

Dam is a hydraulic barrier or structure built across a stream, river to confine and check the flow of water,
use for human consumption, irrigation, flood control, and electric power generation (Graham, 2002).
The importance of dam to the construction of irrigation system is enormous because of the numer-
ous benefits of impounding water for use at any seasonal period. However, there have been reports
of alteration of natural flow regimes of watersheds all around the globe as a result of construction of
dams (Mailhot et al., 2018; Yan et al., 2010). Dam construction is another direct means of measuring the
negative impacts of irrigation on the environment. Dam siting in an area will alter the hydrological,
geographical, and topographical factors in the neighboring areas, thereby causing unsuitable environ-
mental conditions. Ajibade et al. (2020) pointed out that safety is the most significant factor over cost
and capacity because a dam failure usually results in severe loss of life and property, necessitating the
consideration of some crucial factors for an appropriate dam location. Penvenne (1996) reported that
the impact of the construction of High Aswan Dam decreased sediment transport which led to erosion
of wetlands in the Nile Delta 800 km downstream. Also, during the construction of dam, there will be
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alterations in the flow of water and changes in water quality downstream. The construction of dam and
servicing of irrigation systems cause disruption of natural flow regime, which can significantly cause
changes in siltation and erosion pattern. Globally, different studies have shown that dam construc-
tion and operations alter frequency, duration, and magnitude of flow regime (Sakaris, 2013; Magilligan
and Nislow, 2005; Magilligan et al., 2003) and reduce peak flows and alter year-to-year flow variability
(Magilligan and Nislow, 2005). During dam construction, likely risk which occurs is overtopping which
results in erosion; this erosion causes increased inundation and sedimentation of downstream areas.

7.5 Biotic and Ecological Effects

Intensive agriculture via irrigation has been a key factor for the loss of biodiversity and environmental
deterioration globally (Benton et al., 2003; Tilman et al., 2002; Green et al., 2005). And together with
the increased in farm mechanization, agrochemical application, monocropping, and change in farming
landscapes (José-Maria et al., 2010; Benton et al., 2003), irrigation scheme agriculture reduces ecological
heterogeneity, causes valley flooding and aquifer drainage, and encourages increased chemical applica-
tion; increased salt content in the soil and fallow lost due to crop rotation (Dover and Sparks, 2000;
Ruiz, 1990; Stoate et al., 2001; Herrero and Snyder, 1997). Since intensive agriculture via irrigation is
encouraged globally to increase food production particularly in dry landscapes, agricultural production
has increased in two-to-three folds over the last 50 years with 12% increase in arable land (FAO, 2011).
Therefore, this enhanced agricultural production due to irrigation which is still growing 117% globally
and may implies several biotic and ecological effects.

7.5.1 Biodiversity and Landscapes

Information on the understanding of the impacts of irrigation on biodiversity is still very limited.
Studies, especially those focusing on the creation of irrigated land from dryland, recorded the adverse
impact of such transformation on birds (de Frutos and Olea, 2008; Ursua et al., 2005; Tella and Forero,
2000; Laiolo, 2005; Brotons et al., 2004). Records on the adverse effect of irrigation on arthropods have
also been highlighted (Holzschuh et al., 2007; Ponce et al., 2011; Hyvonen and Salonen, 2002; Krauss
et al., 2011; Roth et al., 2008; Prieto-Benitez and Méndez, 2011; Herzog et al., 2005; Tybirk et al., 2004;
Knop et al,, 2006), while positive effects such as abundance, richness, and diversity have also been
published (Gonzalez-Estébanez et al., 2011; Kleijn et al., 2001; Weibull and Ostman, 2003; Melnychuk
et al., 2003; Weibull et al., 2000). However, such dissimilarities were attributed to the landscape com-
plexity. Gonzalez-Estébanez et al. (2011) explored the complexity of landscape on butterfly diversity
due to irrigation. Butterflies are known as a very important environmental indicator as the result of
their sensitivity even to subtle ecological changes (Kremen, 1992; Erhardt, 1985; Stefanescu et al., 2004;
Thomas, 2005). In a dry cereal farming system compared to conventional irrigation system, increased
numbers of butterflies were recorded (Gonzalez-Estébanez et al., 2011). This was attributed to the land-
scape complexity due to the irrigation scheme.

7.5.2 Impacts on Biotas and Habitats

Irrigation activities expose surface water to diverse effect ranging in different intensity, scales, duration,
and strength, thus depleting biotas and causing environmental disruption (Lake, 2000; Giller and Myers,
1996). Generally, freshwaters including lakes and rivers are exposed to such disturbances especially in
irrigation-fed agriculture, grazing by livestock and land clearance, which generate significant sediments
into water bodies (Hornung and Reynolds, 1995; Waters, 1995; Harding et al., 1998), thus, reducing the
water biodiversity, interstitial and habitat spaces (Waters, 1995; Boulton, 1999). An example is the case of
the decreased diversity and abundance of benthic invertebrates such as Ephemeroptera, Plecoptera, and
Trichoptera, and burrow animals such as oligochaetes and chironomids (Lake et al., 2000).
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7.5.3 Water Bodies

Irrigation-fed agriculture depends on the water supply from water bodies. As a result, water characteris-
tics and method with which the irrigation is done impact the environment (Stockle, 2001). The removal
of groundwater for irrigation can cause the land to subside, aquifers to become saline, and can accel-
erate other adverse ecological impacts (Zektser et al., 2005; Wang et al., 2018; Greene et al., 2016). An
example is the Colorado river which has been reported to hold nearly no water due to irrigation schemes
(Fradkin, 1996; Nagler et al., 2008; Gertner, 2007). The same was reported for the San Joaquin which
beds have been recommended by designers for construction of houses. Cotton flooding has over the past
33years, reduced the Aral Sea to 75% of its volume causing elevated saltiness.

7.5.4 Pests, Weeds and Animal Diseases

Irrigation commonly provides favorable environments that enable the development of crop diseases,
specifically, fungal and bacterial foliage diseases (Dougherty et al., 1995). Illnesses and unwanted plants
often outspread easily via wastewater reuse and drainage water. Yusuf (2008) has reported some dis-
eases such as malaria, schistosomiasis, and dysentery/diarrhea within the area of the Bakolori Irrigation
Project. Irrigation brings about some favorable environmental changes to some species of pests such
as rodents and insects. It may equally provide a good environmental condition for proper growth and
yield of local and imported varieties of weeds. However, through the common switching of land uses
and intensified application of pest-killing chemicals associated with irrigation, habitats of some natural
predators like snakes, birds, and spiders may be lost or reduced (Dougherty et al., 1995). Furthermore,
there is usually a problem of aquatic weeds which cause some issues such as reduction in storage and
conveyance volume of reservoirs, channels and drainage systems, increased water loss via evapotrans-
piration, and provision of prosperous and protective environment for disease vectors (e.g., snails and
mosquitoes). All these problems arise due to the presence of large water bodies that serve as breeding
sites for diseases vectors and pests (Yusuf, 2008).

7.6 Ensuring Environmental Quality and Sustainability:
Sustainable Ways and Techniques to Mitigate Negative
Impacts of Irrigation on the Environment

The continuous growth in the world’s population will lead to the construction of more dams, aqueducts,
and other kinds of infrastructure for irrigation, especially in developing nations where an increase in
agricultural productivity is needed. More consideration should be given to the local people and their
environment by building higher standard infrastructures with minimal environmental impact and
suitability than in the past. Even in regions where these infrastructures are most needed, minimal eco-
logical disruption and cheaper resources should be considered. Based on physiography and soil condi-
tions, the FAO has estimated the potential for an additional 400 million hectares of land, of which
three-quarters of developing countries will be added to irrigation land. The belief that irrigation land
is more productive than rainfed soil has created the expectation for an increase. Although, inadequate
suitable lands, shortage of water supplies, and the high installation cost limit the growth of the current
irrigation schemes in developing countries. Hence, improving the existing irrigation structure is more
advantageous for such a region than giving room to new constructions.

Agriculture is one of the largest consumers of water. Water via irrigation is largely lost and inefficient
as it moves from farmers to crops. As a result, more than half of the water diverted into agriculture
never yielded to any food. Thus, a modest improvement in agricultural efficiency can save lot of waters
for other purposes. Also, tremendous gains in water efficiency can be gained by shifting where people
use water. For instance, supporting 100,000 innovative California occupations requires approximately
250 million gallons of water a year; a similar measure of water utilized in the horticultural area supports
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less than ten positions, a shocking distinction. Comparable figures apply in numerous different nations.
Eventually, these variations will prompt more strain to move water from agrarian utilizations to other
financial areas.

Advanced ways to deal with addressing water needs will not be anything but difficult to execute
because financial institutions are often empowering the wastage of water and damaging environmental
systems. Effective water management and utilization are hampered by several factors, including inap-
propriately low water costs, a lack of knowledge about new, better technologies, inadequate water bud-
gets, and government subsidies for the development of dams or water-intensive crops in desert regions.
Different interventions are practicable for forestalling, alleviating, or reversing soil and water degrada-
tion at various levels with irrigation-fed farms. A summary of approaches to solving water issues are
listed in different categories below:

Policy Interventions

o Introduction of better market value for water and power pricing.

 Transferable water benefits could be encouraged.

« Introduction of standards to foster groundwater recharge and penalties for defaulters.

« Incentives for land reclamation should be provided.

« Comprehensive impact assessment should be carried out for new irrigation schemes.

o Improvement and government incentives for maintaining existing irrigation schemes should be
provided.

Engineering Interventions

» EIA should be incorporated in designing, construction, and operations of new irrigation schemes.
+ Provision of maintenance scheme for irrigation structures.

« Construction of new and improvement of maintenance for existing drainage facilities.

o Effective alternatives to waste effluents disposal.

+ Reduction and prevention of canal seepage via lining.

Irrigation/Agronomic Practices Interventions

o Water loss reduction from on-farm discharge.

« Minimizing deep percolation and surface runoff via improved irrigation systems performance.
» Improvement and precision land leveling of on-farm watercourse.

» Application of effective irrigation methods such as drip irrigation method.

+ Sediment concentration in runoff water should be minimized.

o Cultivation of less water absorbing crops.

o Effective of chemical fertilizers.

 Soil amendments and reclamation practices application.

References

7.7 Conclusion

Irrigation has played significant impacts to solve agricultural water shortage for increasing food and
environmental security. Due to the rapid growth of water demand from other non-agricultural sec-
tors, the utilization of treated wastewater has been adopted as a supplement to rainfall. However, the
poor wastewater treatment quality has led to adverse effects on hydrology, soil fauna communities and
surrounding ecological resources. To this end, this chapter sums up the various impacts of irrigation
development and practices on the environment including soil degradation, channel configuration, soil
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physicochemical properties, air and water quality, general hydrology of the region of operation, biotic
and general ecological community, as well as their resultant direct/indirect negative impacts to the
human society. Furthermore, some promising methods and practices spanning through policy inter-
vention, engineering technology, and improved irrigation practices/techniques were suggested to help
educate farmers, irrigators, policy makers, and the general public on the better intervention develop-
ments that could be employed. This will not only increase agricultural output at less cost but also help in
ensuring human health safety and the sustainability of the environment.
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