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Abstract: Access to and the use of irrigation water of adequate quality and targeted nutrient supple-
mentation have become more widespread in recent years. Both crop quality and the irrigation system
lifetime are affected by the quality of the water used for irrigation. Micro-irrigation (e.g., drip and
sprinkle) is becoming increasingly common alongside the more typical irrigation methods, but it
requires expertise and pre-treatment to ensure a proper water supply. The most significant problem
is clogging, which can greatly reduce irrigation efficiency. Treatment for irrigation purposes mainly
depends on the contaminants that are present in the water. The main treatment options available are
biological, electromagnetic and electrostatic treatments, but these have a wide range of effectiveness
levels compared to membrane separation technologies. In addition, adsorption treatments are also
available, which, depending on the adsorbent used, can greatly improve the pre-treatment of irri-
gation water. This work provides an overview of adsorbents suitable for the treatment of irrigation
water and their effectiveness. The separation of interfering components via adsorption is effective
and promising for future application as the expected irrigation demands increase.

Keywords: irrigation; water treatment; adsorbents; circular economy

1. Introduction
1.1. The Role of Climate Change in the Necessity of Irrigation

One of the regional consequences of climate change is that weather extremes are
becoming more frequent [1], so our water management needs to be reconsidered. The
main problem in itself is not that the annual amount of precipitation decreases, but that
the precipitation does not arrive evenly [2] and summer drought periods become more
frequent [3]. Climate change and the consequent increasing dryness, forest fires, the
lowering of the ground water level and the beginning of soil erosion all contribute to the
process of desertification, but many factors directly related to humans are also to blame [4].
Industry and agriculture are primarily responsible for water consumption. The latter
accounts for about half of the total water consumption [5]. To the best of our ability, we
must do everything we can to prevent and reduce the damage caused by drought, so that
we can supply water at the right time and in the right amount. Water supply plays a key
role in the conditions for competitive agriculture, and the efficient use of irrigation water of
adequate quality can be a key element of this supply.

1.2. The Role of Irrigation Systems

One of the biggest challenges of the 21st century is determining how to provide
enough clean water for everyone (agriculture, industry and the entire living world) and
not just the population [6]. Irrigation is the artificial application of water to the surface of
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the soil and then to deeper layers, using a variety of specialized equipment (e.g., pipes,
pumps and sprinkler, dripping systems). Irregular rainfall distribution and drought make
irrigation necessary in certain areas. A wide range of irrigation systems are available to
distribute water evenly over the surface to be irrigated. The water used for irrigation
may originate from ground water, spring water, well water, surface water, rivers, lakes,
reservoirs, or even treated wastewater or desalinated water [7]. The use of irrigation and
targeted nutrient supply in quality and intensive vegetable and fruit cultivation has been
spreading more and more in recent years [8]. The quality of the crops, their aesthetic
appearance and the life of the irrigation system are both influenced by the quality of
the water used for irrigation [9]. There are many options available for irrigation water
treatment. Biological treatment methods could be promising for organic and heavy metal
compounds; however, they require precise operation and control. For salt removal, many
studies have reported electromagnetic and electrostatic treatment as fast and quite easier
treatment methods; however, the efficiency of these techniques could be lower since they
are a pressure-driven membrane separation process. The use of adsorbents can be a good
way to remove certain undesirable components of irrigation water. Two large groups of
adsorbents are known: conventional and non-conventional adsorbents, which can achieve
different efficiencies in water purification. Conventional adsorbents generally have a higher
adsorption capacity compared to non-traditional adsorbents, which are readily available
and therefore inexpensive, but have a lower adsorption capacity.

2. Overview of the Requirements for Irrigation Water
2.1. Legal Requirements

Nowadays, it is no longer enough to provide the physical conditions for irrigation;
there are also an increasing number of legal requirements to be met. As environmental
requirements are becoming more stringent due to the increasing value of clean water,
no water-based activities can escape the scrutiny of the legal regulatory regime. In the
following, the most important aspects and principles will be summarized; these may
influence professional conclusions.

The regulatory background for irrigation covers a wide range of legislation, depending
on the source, quality and agricultural area of the irrigation water.

In Hungary, the concept of water management and the related responsibilities serves
to comply with the relevant EU and national legislation, i.e., it includes compliance with
the requirements of Directive 91/271/EEC [10] on urban wastewater treatment, Direc-
tive 98/83/EC [11] on the quality of water intended for human consumption, the Water
Framework Directive, Act LIII of 1995 [12] on the protection of the environment, Act LIII
of 1996 [13] on the protection of nature, Act CLXXXV of 2012 [14] on waste, and Directive
2007/60/EC [15] on water damage.

The European Union Directive 2000/60/EC [16] is the most important and community-
wide guideline for the protection of the good quality of the water bodies covered by
the community.

The EU’s Water Framework Directive (WFD) aims to achieve and maintain the good
status of surface, coastal, transitional and groundwater, thereby contributing to the protec-
tion of ecosystems. An important objective of the Directive is to prevent the pollution of
waters, and it sets limits on anthropogenic emissions. The measures taken to achieve and
maintain the objectives set out in the WFD are summarized in the river basin management
plan at a national level.

Decree 90/2008 (18 July 2008) [17] of the Ministry of Agriculture and Rural Devel-
opment stipulates that a soil protection plan must be drawn up for, inter alia, irrigation
for agricultural purposes, on the basis of which the justification for the measure must be
presented and a proposal for protection against erosion must be made after soil sampling
in an accredited laboratory.

The suitability of irrigation water should also be assessed in terms of abstraction. The re-
quirements for the suitability of irrigation water are set out in the standard MSZ-10-640:1989 [18].
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In response to the challenges of climate change, to improve the competitiveness
and adaptability of agriculture, to promote the wider use of irrigated agriculture and to
establish irrigation communities, the National Assembly has enacted Act CXIII of 2019 [19]
on Irrigation Agriculture. According to the law, “In order to carry out irrigation farming,
the holder of the water right of the water facility is entitled to an irrigation easement,
under which the owner or user of the property served must tolerate the establishment and
operation of a linear water facility for irrigation on his property by the farmer carrying out
irrigation farming, to carry out the necessary water works for the purpose of irrigation
for the continuation of his agricultural activity, and to transfer the irrigation equipment,
provided that it does not preclude the proper use of the property”.

It can be seen from the above that the Government is seeking to promote the competi-
tiveness of agriculture and the protection of land and water through the appropriate use
and quality of the land, in accordance with the objectives of the European Union. More
modern, but more expensive irrigation technologies, can achieve the more sustainable use
of water. These aspects will become increasingly important in the future.

2.2. What Water Sources Can We Work with?

The most common sources of water available for cultivation are surface water (wa-
ter from lakes, canals, possibly rivers) and underground water [20]. For subsurface waters,
we must separate groundwater and aquifers from a quality point of view. Groundwater
is the water of the first water-tight layer, and water bodies shallower than 20 m (dug and
drilled wells). Aquifers are located in layers deeper than 20 m, depending on the geological
and hydrological conditions. These waters may only be extracted with pre-planned and
authorized wells. The professional basis for this is to protect it from possible pollution from
the surface, since it is our most valuable, cleanest, long-term water reserve [21].

From the perspective of producers and water users, the quality assessment of the three
types of water is quite different. The differences are to be found in the constancy of the
composition and the effects of environmental pollutants. Surface waters are constantly ex-
posed to quality-affecting influences: inflows, water withdrawals, precipitation, washing in,
dilution, and concentration, which constantly modify the composition. When using surface
water for horticulture, constant caution is a good idea; at the very least, we should measure
the salinity (EC) on a weekly basis, which draws our attention to major changes. Regarding
groundwater wells, we can say that their waters can only be recommended for horticultural
crops with greater compromises, because they can contain not only a significant amount of
nutrients, but also harmful substances accumulated to a toxic level [22].

2.3. Quality Requirements of Irrigation Water

The quality of irrigation water varies from country to country. For irrigation, natural
water quality would be the most suitable; however, we cannot usually ensure rainwater
quality from the available water sources. Therefore, in addition to the positive effects,
irrigation can also have negative effects (Table 1), which are partly due to the water
quality [23].

Table 1. The positive and negative effects of irrigation [23].

Positive Effects Negative Effects
better plant water supply structural damage
increased nutrient access deterioration of topsoil water management
increased nutrient intake possible leaching of nutrients
leaching of harmful salts salinization

in case of overwatering reduction, rise in

protection against erosion and deflation .
groundwater level, waterlogging

The quality of irrigation water refers to the range of properties of the water to be used
that affect the soil, the life processes of the plant and the technology of water distribution.
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Therefore, when determining the quality indicators of irrigation water, it is advisable
to examine the triple interaction of water—soil-plant [7,24]. Methods for ensuring water
quality have developed continuously and basically set certain limit values based on two
aspects, namely the effects on the soil-plant combination and the effects on the operation
of irrigation equipment. The first group basically includes chemical parameters, and the
second group includes physical, chemical and biological parameters [25].

Among the chemical requirements, the most important characteristics are as follows:
salinity,

indicators expressing the effect of hydrocarbons and carbonates,

the amount of sodium ions compared to calcium-magnesium ions,

the relative ratio of magnesium,

electrical conductivity,

chloride, iron and manganese content [26].

23.1. pH

Changes in the pH of the water during cultivation will affect the quality of the plants.
A low pH inhibits the absorption of vital nutrients such as calcium, potassium, magnesium
and molybdenum [27]. At the same time, a low pH increases toxicity because some trace
elements are absorbed too easily [28]. At too high a pH, other substances such as phosphates
and other important trace elements become unavailable to the plant [29].

2.3.2. Salinity

The sodium adsorption ratio (SAR) is the most important characteristic. It means a
value representing the relative amount of sodium ions to the combined amount of calcium
and magnesium ions in water using the following formula: SAR = [Na]/(([Ca] + [Mg])/ )12,
where all concentrations are expressed as milliequivalents of charge per liter [30]. Salinity is
generally dangerous for the soil, but it can also be harmful to plants. Salinity is expressed by
the amount of salt dissolved in a volume unit (g/L) or by the specific electrical conductivity
(EC) of the solution. When establishing the limit values, the primary consideration is that
the irrigation water should not cause a level of salt accumulation in the soil that could be
harmful. Therefore, it is not possible to establish a general rule regarding this, because
it depends on many properties (e.g., water permeability, rainfall, irrigation method, salt
tolerance of the plant [31]. It is generally accepted that if the salt content of the irrigation
water is less than 500 mg/L (EC < 0.78 mS/cm), then the salt pool of the irrigated soil
usually does not increase significantly [32].

As a result of certain environmental changes (e.g., concentration, dilution, increase
in pH), some of the Ca and Mg ions precipitate out of waters with a high carbonate—
hydrocarbonate content [33], thus increasing the proportion of Na ions in the solution, and
thereby making the water salinizing [31].

2.3.3. The Amount of Sodium Ions Compared to Calcium-Magnesium Ions

Various parameters have been proposed to estimate the amount of carbonate and
hydrocarbonate ions and their expected chemical interactions, e.g., phenolphthalein al-
kalinity, soda equivalent, saturation index, effective Ca and Mg concentration, relative
hydrocarbonate and carbonate ratio [34,35]. The principle of certification in this area is
that high-quality irrigation water must not contain free soda at all and must not show
phenolphthalein alkalinity [36].

In terms of the cation composition of the irrigation water, a low sodium level is
favorable [37]. However, in terms of the salinizing effect of water, the most important thing
is not the absolute amount of Na-ions, but their proportion compared to other cations [38].
Sodium is a natural component and enters the water through the dissolution of minerals,
but it can also be of municipal origin. It is the biggest problem in soil cultivation, where it
has a harmful soil-destroying and salinizing effect; this is because it replaces other cations
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(e.g., calcium ion) on soil colloids and thus significantly changes the structure, functioning,
nutrient and water management characteristics of the soil [39].

2.3.4. Manganese Content

A significant amount of magnesium ions from irrigation water with a high magnesium
content can bind to soil colloids, which adversely affects the physical and water manage-
ment properties of the soil. Therefore, it is advisable to take the Mg/(Ca + Mg) ratio or its
percentage into account when classifying water [34,40].

3. Physical Structure of Irrigation Systems and the Arising Problems

For the irrigation of different crops, there are different watering options, ranging
from methods that have been used for decades to modern precision options that are more
efficient. Agriculture is the largest water-consuming sector, and therefore the focus of
attention when water management is an important point of discussion. This sector has
recently been confronted with trends in water supply restrictions, making the efficient
use of optimized water resources through the use of multiple irrigation systems essential.
Compared to conventional irrigation methods, drip irrigation systems provide frequent
and efficient water supply and also control the amount of water used. Therefore, the impact
of different irrigation systems should be studied to find the best option for each case [41].

3.1. Surface Irrigation Systems

The most common irrigation method is surface irrigation, which is mainly used for
crops covering large areas [42]. This type of irrigation works via gravity, using pre-dug
trenches without the need for a pump. The most commonly used surface irrigation systems
are border and furrow irrigations. The latter is more commonly used for the water supply
of row crops and orchards; however, it is more demanding and, due to the technology,
results in more losses and lower efficiency in water use. This method has different design,
management factors and elements that have been thoroughly analyzed [43]. Furrow
irrigation is the oldest and most widely used irrigation system. Pressure irrigation methods
remain less popular due to their high energy costs and the use of automation [44]. Some
researchers have made comparisons between different irrigation systems in the Jaizan
Plain based on soil and land characteristics. The results showed that drip and sprinkler
irrigation methods are more efficient and effective than conventional surface techniques,
where drainage is the most limiting factor. The research concludes that due to the rapid
decrease in and shortage of water resources, current gravity irrigation methods need to be
replaced by modern (drip and sprinkler) technologies as soon as possible [45].

3.1.1. Sprinkler Irrigation

The method of using sprinkler irrigation is similar to natural rainfall. Water is delivered
through a pressurized system to the pipes that release it. Eventually, sprinklers will spray
it into the air, where droplets are fragmented, and fall to the ground. The pump-fed system
should be designed so that each sprinkler distributes an equal amount of water [46].

The micro sprinkler technology operates at low pressure and can be used in areas in
which drip irrigation is not recommended or is not efficient enough to keep the plant foliage
constantly moist, or in which overhead irrigation would be required. Micro sprinklers
are categorized according to several aspects, such as flow rate, wetted diameter and the
method of spraying, such as producing a mist or a spray [47].

Sprinkler irrigation is preferred over subsurface drip irrigation for cotton production,
but this technique is not widespread due to climatic conditions and salt accumulation [48].
Some studies compare drip and sprinkler irrigation and show that for some crops, such
as grapes, sprinkler irrigation results in a greater root surface area as you move away
from the trunk [49]. The study in the Jaizan Plain also showed that drip and sprinkler
irrigation is more effective than conventional surface irrigation. The major limiting factor
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was found to be the gravel soil structure, drainage and calcium carbonate when using
sprinkler irrigation [45].

3.1.2. Drip Irrigation

Drip irrigation (also known as trickle irrigation) is a very slow dripping technique
(2-20 L per hour) using a small-diameter plastic system of tiny emitters placed on the
outside of the pipe, which are called drippers. The water is discharged close to the plant
so only the soil near the root is wetted, instead of the whole soil profile, like in the case of
surface irrigation and sprinkler irrigation. With drip irrigation, treatment is much more
frequent (usually every 1-3 days) than other techniques; therefore, it provides a more
favorable moisture level for the plants [50]. Under-foil drip irrigation is a complex water-
efficient irrigation method that can directly improve the soil water—salt conditions in the
root zone of plants and affects physiological characteristics such as plant emergence, root
spread and above-ground growth, therefore improving plant growth, development and
yield. Numerous studies have been carried out on the characteristics of soil water and salt
movement during under-film drip irrigation [51].

Some of the most convincing reasons for using drip systems are cost efficiency, easy
set-up and operation, as well as low maintenance costs [52]. The drip method provides
micro irrigation, which helps to reduce water use and avoid unnecessary nutrient excess.
Its operation is based on direct irrigation for roots, which provides a constant flow with
equal distribution while minimizing evaporation. After proper pretreatment, water is
delivered through the system’s network of pipes to drippers placed close to the plants,
which can be either holes in the pipes or units placed on top of them to deliver the water
directly to the roots through capillary tubes. The accuracy of the system may depend on its
design goals and its maintenance and operation technology [53]. The drip irrigation system
will also include a slow-release device to control and optimize the flow of water to the soil.
There are two different types of drip irrigation, which are subsurface and surface methods.
The main difference is that the former is applied to the soil, while the latter near the roots.
It is important to note that a maximum of two emitters per plant is sufficient for proper
irrigation [53].

3.2. General Structure of Irrigation Systems

Traditionally used irrigation (border, basin, furrow) only requires a sufficient water
surface and sometimes a pump for periodic irrigation. In contrast, precision irrigation
types require the construction of a complete irrigation system. When using sprinklers
or drip irrigation, the system design is almost the same, and only the method of water
discharge varies.

The main components used in drip irrigation include a pressure regulation valve, a
filter, a system controller, injectors, gauges, flow pipes and emitters [54]. Eventually, the
water is delivered to the plants via polyethylene pipes, which have smaller holes at certain
distances. In the installation, it is important that the distances are properly measured so that
the pressure and water flow are nearly the same even at the farthest parts of the pipes [55].

From the relevant reservoir, a pump delivers the water through filters (mostly gravel)
to the pressure regulator and then to the screen filter [55]. The water is then fed to the main
branch, from where it is sent to several sub-branches (Figure 1). Fertilizers can be applied
through this type of system. This can result in a reduction in the fertilizer amount and
costs [56].
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Figure 1. The general structure of drip irrigation systems.

3.3. Clogging

Emitter clogging is the biggest limiting factor affecting the use of drip irrigation. The
use of poor-quality water in micro irrigation systems greatly increases the potential for
clogging, reducing the possible areas of use and increasing maintenance costs. Studying the
main elements of clogging and their effects and mechanisms of accumulation have become
indispensable [57]. Fluid flow in narrow pipes and emitters can easily become clogged by
solid particles, chemical constituents and microorganisms during irrigation [46].

3.3.1. Physical Clogging

Physical clogging is mainly caused by various organic and inorganic materials sus-
pended in the water [58]. These particles of clay, sand, plastic and other residues cannot be
filtered out and can therefore cause the clogging of the emitter. Physical clogging caused
by solid particles accounts for nearly 31% of the clogging potential, making it one of the
most common causes of clogging [46].

3.3.2. Chemical Clogging

Chemical clogging is caused by substances dissolved in water, such as carbonates,
phosphates, Fe?*, Ca?* andMg?*, which under certain conditions precipitate on the inner
wall of the pipe. This deposition is greatly influenced by temperature, pressure, pH and
the concentration of ions [59]. In addition, the nutrients added to the water also influence
clogging; for example, phosphorus added to the water greatly increases the precipitation of
carbonate, quartz and silicate [60]. Fe?* can cause serious problems in the irrigation system
if its concentration exceeds 1.5 g m 2 [46], and a water hardness above 300 mg L~! also
can threaten the irrigation system [61].

3.3.3. Biological Clogging

The drip system provides a suitable habitat for algae, bacteria and other organic
organisms that can form slime. This material, in combination with other contaminants, can
cause biofouling [62]. However, in underground drip systems, the effect of roots can also
be considered as biological clogging [63].



Separations 2023, 10, 468

8 of 22

4. Overview of Current Irrigation Water Treatment Methods

Nowadays, irrigation water treatment methods, in which natural water sources are
extensively used, are becoming more focused and based on water pollution and hectic
rainfalls. The most often reported problem is the high salinity of this water, which could
negatively effect agriculture production even if it is not reduced to a level that is acceptable
for the different plants. The effectiveness of treatment methods is influenced by the
background quality of the irrigation water and includes physical, chemical, and biological
parameters. Most of those factors could impact which water treatment is efficient to achieve
the required water quality needs.

4.1. Overview of Contaminants

Organic contaminants are not desirable in water for irrigation based on infection risk,
clogging and fouling issues. Organic matter is an organic substance that is broken down
from plants, animals, microorganisms and from geological origins, and that can be found
in water sources, especially in surface water in many cases [64]. These organic substances
could increase the turbidity of the water supply and could affect disinfection methods,
especially for UV sources. Different types of microbes may require different treatment
methods, disinfection concentrations and contact times, with longer disinfection times
possibly also helping to avoid infection. The pH of the irrigation water also affects the
efficiency of certain treatments. For example, ozone treatments require different dosages
based on pH, and chlorination is more effective in water with a lower pH [64,65].

Excess calcium and magnesium in a water source contribute to the hardness of water
and can lead to the scaling of irrigation lines. This build up can decrease the effectiveness
of water treatment processes such as UV, making it important to minimize scale deposits in
the irrigation system [64,66].

4.2. Biological Treatment

Biological treatment is an effective method via which to reduce the organic content of
irrigation water; however, one of its main challenges is keeping the microorganism alive in
the treatment system and providing an equal water quality without harming the food safety
or yield and the fruit or derivatives’ quality. A membrane bioreactor was tested by treating
polluted surface water. The results showed that up to 99.99% of the inlet Escherichia coli and
98.52% of the total coliforms were removable, as well as some harmful compounds and
heavy metals in particular, including 82% of arsenic, 82% of cadmium, 97% of chromium,
93% of copper and 99% of lead; however, boron and manganese were not removed from the
permeate. The sole gravel filter and heavy metal removal device (HMR) system were not
able to remove the pathogen microorganisms. However, connecting the UV treatment could
solve this issue [67]. In another study, a semi-closed horizontal tubular photobioreactor
(PBR) at the pilot scale was tested to remove a total of 35 target compounds, including ben-
zotriazoles, benzophenones, antibiotics and different pharmaceuticals present in irrigation
water in a peri-urban rural area. This water running through an open channel and was
a mixture of reclaimed wastewater from a nearby wastewater treatment plant (WWTP)
and run-off from the different agricultural fields in the area. It has been reported that
the compounds studied are usually not fully eliminated during conventional wastewater
treatment, which justifies the need to investigate alternative treatment strategies. A to-
tal of 21 of these compounds were detected in the irrigation water. Benzotriazoles were
only partially removed after the microalgae treatment, with an elimination efficiency of
conventional WWTPs. The UV filter benzophenone-3 (BP3) showed variable removals,
ranging from no elimination to 51%, whereas 4-methylbenzilidenecamphor (4MBC) was
completely eliminated. Regarding pharmaceuticals, the average removals were higher and
in the range of 60-100%; this is with the exception of the antibiotics sulfamethoxazole (46%)
and sulphapyridine, which were not removed [68]. Removing target compounds from
irrigation water has a key role in protecting plants and products from unwanted changes
and from accumulating these compounds in the agricultural products.
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4.3. Desalination Processes

Saline groundwater irrigation is a crucial method by which to reduce the shortage of
freshwater resources. However, saline water could have impact on the yield of plants and
on the soil.

4.3.1. Ultrasound Treatment

Ultrasound (US) treatment is one of the most promising treatment methods and has
been evaluated in long-term studies with various plant species, including some highly
salinity-sensitive plants, under greenhouse conditions. The ultra sonication system pro-
vided encouraging results when used to irrigate a number of vegetable species with high-
electrical-conductivity irrigation water. The results from the long-term use of ultrasound
treatment increased the yield of lettuce and celery plants [69].

4.3.2. Magnetic Treatment

Another low-cost and promising operating method is applying permanent magnets
for irrigation water treatment [70]. Surendran and coworkers evaluated the effects of
magnetic treatment on irrigation water and the growth and yield parameters of cow pea
using pot and field experiments. During their experiment, normal water and hard water
at 150 and 300 ppm, respectively, and saline water at 500, 1000 and 2000 ppm of both the
control and magnetic-treated solutions were used, respectively. Permanent magnets with
the capacity of 1800-2000 G were applied. Their investigation indicated that the magnetic
treatment of irrigation water types achieved an improvement in the crop growth and yield
parameters of cow pea as well. Magnetic treatments have the potential to decrease the
electrical conductivity, total dissolved solids and salinity levels of all solutions. The increase
in pH was observed in all the treatments. Magnetized irrigation water increased the soil
moisture compared with the control sample [71].

Furthermore, of permanent magnet electromagnetic treatment was also investigated
during the irrigation of corn and potato plants. The results showed a significant increase in
the germination rate of corn seedlings watered with electromagnetic-treated saline water,
particularly when the water was exposed to electromagnetic fields for 15 min. A significant
reduction in the soil salinity (ECe) and Na* and Cl~ contents of the soils irrigated with
electromagnetic-treated saline water was detected compared to the soils irrigated with
non-treated saline water. The electromagnetic treatment of saline water caused significantly
higher K, N and P adsorption values in all the potato samples [72]. Wiedenfeld studied
the sugarcane yield and juice quality by using an electrostatic precipitator. The study was
conducted to compare the effect of water irrigation with 1.3 dSm~! vs. 3.4 dSm~! on
sugarcane and to evaluate whether the electrostatic conditioning treatment of the water
influenced the salt effects. The results showed that the cane and sugar yields were reduced
approximately 17% by the 3.4 dS m~! water compared to the 1.3 dS m~! water, but the
juice quality parameters were not affected by the soil salinity levels [73].

4.3.3. Ionization

The ability of ionizing brackish water to prevent salinity damage to cotton plant
growth with an improving irrigation water productivity was investigated by Wei and
coworkers, who applied deep irrigation treatments. As the results indicated, the ionization
effectively reduced the mass of salt from the late seedling stage to harvest by 12.8-65%,
especially for the treatment using 562.5 mm of ionized brackish water. The maximum
amount of cotton was obtained in the treatment using 487.5 mm of ionized brackish water,
which increased to an average of 19% compared to 487.5 mm in the non-ionized brackish
water treatment experiment. The water use efficiency improved under the ionized brackish
water treatments [74].
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4.3.4. Membrane Separation

The membrane separation process is well known in many water and wastewater
treatment applications; however, its operation and maintenance costs could decrease
its popularity for use in irrigation water treatment. In special cases, geothermal water
treatment is a possible economically worthwhile treatment method. In many areas of
Hungary and Europe, geothermal water is used for heating purposes. However, the
used/spent geothermal water rarely gets injected back into the ground. Some amount
of used geothermal water ends up in rivers or lakes and causes increasing salinity levels
in surface water bodies; this could have an effect on the natural vegetation and fauna.
Jarma and co-workers investigated the use of treated geothermal water for the irrigation
of tomato plants. Membranes (NF8040-70 as NF membrane and TM720D-400 as RO
membrane) were selected for this experiment. According to the results, almost all of
the minerals that are needed for plant growth were rejected by the tested membranes.
Therefore, for remineralization purposes, mixed water was also tested. In the case of the
NF membrane, the permeate was mixed 1:1 with non-treated geothermal water; this ratio
was 2:3 in the case of the RO permeate and geothermal water, according to the higher
level of salt rejected by the RO membrane. The costs of the product water were found to
be 0.76 and 1.56 $/m?3 for the NF and RO processes, respectively [75]. The management
of saline water through desalination or blending with low-salinity canal water may be a
viable strategy for potato irrigation in semi-arid regions that have saline groundwater and
scarce canal water. A 4-year study was conducted to investigate the effects of four water
qualities [canal water (CW), desalinated water (DSW), saline groundwater (GW) and mixed
water (MW) (CW + GW)], three N-P-K fertigation levels [F100 = 100% NPK (190, 28.4 and
53.9 kg ha=! of N, P and K, respectively), F80 = 80% NPK and F60 = 60% NPK] and their
interaction on the performance of two potato varieties grown in a sandy loam alluvial soil
of a semi-arid region. The electrical conductivity (EC) of CW, DSW, GW and MW ranged
from 0.3 to 0.4, 0.2-0.3, 3.2—4.2 and 1.8-2.2dSm}, respectively. Drip irrigation with GW
resulted in a 21-44% reduction in the total tuber yield compared with CW. Irrigation with
MW increased the total tuber yield by 9-37% compared with GW. Irrigation with DSW
effected a 41% and 14% increase in the total tuber yield compared with GW and MW,
respectively. The plant growth and yield parameters reached their highest amount at F100,
which reduced dramatically with a decrease in the fertigation level for all water qualities.
However, these differences were slight between GW and MW, and more moderate between
CW and DSW. That is the reason why, in drip-fertigated potatoes using saline or mixed
water in a sandy loam soil, it is suggested that 80% NPK is used to avoid a reduction in the
tuber yield and to reduce the expense of cultivation and environmental pollution [76].

4.4. Effects of Salinity

Saline water could have an effect on soil nitrogen transport, organic and inorganic
content of the soil, and yield of the products. Therefore, when irrigating with saline water,
all of its effects need to be considered. In order to utilize underground saltwater resources,
and furthermore reduce the amount of irrigation water and nitrogen fertilizer used, Wang
and coworkers carried out a field experiment in Xinjiang. The study was conducted to
explore the effects of the irrigation water’s quantity, salinity, and nitrogen application rate
on nitrogen fertilizer absorption and cotton yield. Three experimental factors and four
levels were investigated in the experiment. Irrigation amounts of 0.7, 1.0, 1.3 and 1.6 Etc,
irrigation water salinity levels of 10.9, 7.8, 4.7, 1.5 dS m~! and nitrogen applications of
100, 200, 300 and 400 kg N ha—! were set in the experiment. The results indicated that
the salt content of the irrigation water had no effect on the soil nitrogen transport, and
the soil nitrogen content only increased when more nitrogen fertilizer was used [77]. The
experiment was performed by using fresh water and saline water at the seedling, jointing,
heading, and filling stages. The salinity of the soil, growth, and amount of summer maize
were measured by Sang and coworkers. The results showed that alternating fresh and
saline water irrigation increased the salinity of the soil. The maximum quantum yield,
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effective quantum yield of photochemical energy conversion, photochemical quenching,
and non-photochemical quenching varied greatly at the jointing stage and heading stage.
Furthermore, the yield of maize that was irrigated with fresh water at the heading stage
(8.53 tha~!) was greater than that at the jointing (7.69 t ha—!)and filling stages (7.45 t ha1).
Therefore, these findings indicate that in areas in which fresh water is scarce, priority
should be given to the application of fresh water at the heading stages for summer maize
irrigation [78]. Saline water irrigation’s effect on the soil organic carbon (SOC) content
was smaller compared to its effect on the soil inorganic carbon (SIC) content. Dong et al.
irrigated soil with 1 g L1 and 8 g L™! of saline water in a winter wheat and summer maize
rotation system. After 14 years of irrigation, the soils were analyzed in terms of their soil
water, soil salt, SOC, and SIC contents. The results showed that, compared with 1 g L1
of water irrigation, 8 g L™! of saline water irrigation significantly increased the soil water
and salt contents. Moreover, 8 g L~! of saline water irrigation significantly decreased the
SOC and SIC contents in the 0-20 cm soil layer (p < 0.05) and mainly decreased the SOC
content in the >1 mm aggregates and the wheat-derived SOC content in the bulk soil. In
comparison, 4 g L~ of saline water had no significant effect on the soil water, soil salt, SOC,
and SIC contents. These results indicated that a high concentration of saline water irrigation
is harmful for soil carbon sequestration, while a low concentration of saline water does not
affect soil carbon sequestration. Thus, using no more than 4 g L~! of saline water irrigation
for 14 years can maintain soil carbon storage in areas experiencing a water shortage [79].

Overall, several treatment methods are available and have been proven to reduce
natural or anthropogenic organic and inorganic contaminants, microorganisms, and salt to
achieve the safe irrigation of water; these do not reduce the yield of the products and do not
change the soil and groundwater characteristics. However, some of the above-mentioned
target compounds and contaminants could have long-term effects on the environment, but
these effects are not yet well known.

4.5. Adsorbents in Irrigation Water Treatment

The use of wastewater for irrigation purposes is becoming widespread, but this raises
new problems, such as the presence of heavy metals [80]. Although the heavy metal content
in wastewater is low, it can accumulate in the soil and reach crops [81]. Adsorption is a
suitable treatment technology for removing metal (for example Cd and Pb), or for reducing
salinity, depending on the material used [82]. The use of adsorbents can be implemented
using a flow-through system (similar to a sand or gravel filter) or by mixing them in a
tank for a suitable period of time. Combinations of certain adsorbents are able to remove
chemical oxygen demand and the total dissolved solids, and also reduce the turbidity very
efficiently [83]. Adsorbents for the pre-treatment of irrigation water and their effects are
discussed in more detail below.

5. Overview of the Most Important, Easily Available Adsorbents Based on
Their Effectiveness

In water treatment, adsorption is an effective process for the removal of contaminants,
in which ions and molecules are removed from the liquid phase via adsorption to the solid
phase [84,85]. The adsorbent material can be a mineral, organic or biological material [86].
The selection of a suitable adsorbent for the removal of pollutants in water depends on
the concentration and type of the pollutant, the adsorbent’s adsorbing capacity, and its
efficiency [85]. The adsorption capacity of adsorbents is influenced by temperature, pH,
the adsorbent dose, adsorbent particle size, agitation speed, and contact time [87]. A direct
comparison of the results obtained using different adsorbents is therefore not possible
since the experimental conditions are not the same during the different tests. Adsorbents
can be divided into two major categories: conventional adsorbents and non-conventional
adsorbents (Figure 2, Table 2) [86].
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Figure 2. Different types of adsorbents for the removal of pollutants from water [86].

Table 2. Some examples of the most used adsorbents in water treatment, conditions and their efficiency.

Type of Adsorbent Type of Pollutants pH Adsorption Efficiency (mgg—1) References
Conventional adsorbents
K* 4.50 0.26
Na* 4.50 13.80
2+ 4.50 2.50
Activated carbon + cation resin ls/lagz+ 4.50 273 [88]
Cl™ 4.50 11.50
HCO3~ 4.50 18.30
K* 7.20 0.05
Na* 7.20 2.10
2+ 7.20 1.00
Activated carbon + zeolite 1\C/Iagz+ 720 012 [88]
Cl~ 7.20 0.90
HCO3~ 7.20 4.00
Activated carbon Hardness 0.86 [89]
Mn?* 8.70 30.89 [90]
. . Fe2+ 8.95 6.13
Thermally activated natural zeolite (NZ 200) Mn2* 8.95 0.86 [91]
Modified zeolite Na* 78~ N/A [92]
Mn?* 7.00 94.10
3+
Fe 7.00 1311:(J(.é22+) (93]
Hardness 7.00 703.6 (THL.) *
Activated carbon + nano zero-valent iron + natural zeolite COD %%%_ 35.64 [83]
Zeolite clinoptilolite Hardness 7.48 [89]
Activated alumina Hardness 44954.00 [89]
Non-conventional adsorbents
Sawdust and barley husk Fe2+ 6.50 N/A [94]
Manganese oxide-coated sand1 (MOCS1) 2.61
Manganese oxide-coated sand2 (MOCS2) 0.83
Iron oxide-coated sand1 (I0CS2) Mn2* 8.00 0.40 [95]
Iron oxide-coated sand2 (I0CS2) 0.55
Manganese and iron oxide-coated sand (MIOCS) 0.88
.. 4.50-
2
Saccharomyces cerevisiae Mn?* 9.00 N/A [96]
Pleurotus mushroom compost Mn2+ 6.00 N/A [97]

* T.H.: Total Hardness.
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5.1. Conventional Adsorbents
5.1.1. Activated Carbon

One of the most common adsorbents currently in the field of water treatment is
activated carbon [85,98]. Carbon-based materials such as activated carbon (AC) can be
used well as adsorbents, proving to be highly effective in removing pollutants from wa-
ter [83,85,99]. Activated carbon serves as a versatile material for the removal of heavy
metals and organic compounds [100-102] and desalination [83,88,103]. The term ‘activated
carbon’ is used for carbon-containing materials with a high micropores volume, favor-
able pore size distribution, extensive surface area (6004300 m?g~1) [85,104] and high
adsorption capacity [83,85,98,105,106]. Almost any carbonaceous material can be used
to produce activated carbon, such as coconut shells, lignite, wood, sawdust, coal, and
peat [98,103,105,107,108], but its properties are influenced by the raw material and the acti-
vation method [85]. Activated carbons are generally very-broad-spectrum adsorbents [86]
and their low price makes them favorable [83]. Furthermore, their favorable features in-
clude their high thermal, mechanical, and light stability [89]. AC is available in two forms:
powdered activated carbon (PAC) and granular activated carbon (GAC) [98,105]. PAC gen-
erally comprises particles with a diameter of 0.2 mm, and it has a large external surface area
and a high adsorption rate [105]. GAC comprises particles with a maximum diameter of
5 mm, and its external surface area is smaller than that of PAC [105]. It is generally used in
fixed-bed filter systems to remove pollutants from water because the granular form is better
suited to continuous contact [98,105]. The adsorption efficiency of GAC can be affected
by the carbon source material, carbon particle size, influent contaminant concentration,
and contact time [109]. Grant et al. [109] conducted a study using a small-scale Granular
Activated Carbon (GAC) system to effectively remove a range of agrichemicals, including
acephate, bifenthrin, chlorpyrifos, flurprimidol, glyphosate, hydrogen peroxide + peracetic
acid, imidacloprid, paclobutrazol, didecyldimethylammonium chloride (DDAC), triclopyr,
and uniconazole, from water. In laboratory conditions, a decrease in the concentration of
plant protection agents was observed in all cases, and a greater percentage decrease was
observed in 64 s of contact time than in 12 s. At the same time, it was pointed out that
further studies are needed using the high flow rate, water pressure, volume, and level of
suspended solids typically found in recirculated irrigation systems.

Ghanbarizadeh et al. [89] compared the adsorption capacity of unmodified activated
carbon with activated carbons modified using HCI, NaCl and HC1 + NaCl. The modified
activated carbon, which was first treated with salt and then with acid, was the most effective
in its total hardness removal.

Activated carbon can prove to be even more effective in water purification in combina-
tion with other adsorbents. Aghakhani et al. [88] conducted experiments on the desalination
of irrigation water by combining activated carbon with other adsorbents, zeolite, peat,
anion exchange resin, and cation exchange resin. The combination of AC with cationic
resin worked most effectively in desalination.

5.1.2. Carbon Nanotubes

Nano-adsorbents show great promise in water treatment and water purification com-
pared to traditional adsorbents, as they can provide greater efficiency and a faster adsorp-
tion speed due to their large surface area [85,110]. Activated carbon nanotubes are one of
the most commonly used nano adsorbents in wastewater treatment [110].

Carbon nanotubes (CNTs) possess unique structural, electronic, optoelectronic, semi-
conductor, mechanical, chemical, and physical properties. CNTs are well suited to adsorb-
ing heavy metals from water [110].

Stafiej and Pyrzynska [111] studied the adsorption of heavy metals on CNT as a
function of the pH change. In the case of CTNs, pH plays an important influencing role in
the adsorption of certain ions. According to Stafiej and Pyrzynska [111], the adsorption
of cations on carbon nanotubes (CNTs) is more favorable at a pH higher than the point
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of zero charge of the adsorbent. Conversely, a decrease in pH results in a decrease in the
adsorption of cations.

5.1.3. Zeolite

Zeolite is one of the most widely used adsorbents, and is a microporous, hydrated
aluminosilicate material that has an infinite, open, three-dimensional structure [85,112-115].
Ion exchangers are widely utilized to enhance water quality due to their capacity to ex-
change and adsorb cations present in water. This property enables them to effectively
remove undesirable cations and improve the overall quality of the water [89,93,115]. The
advantage is that it is available in large quantities and is therefore cheap and easily accessi-
ble [85,116].

Natural zeolite is suitable for removing heavy metal elements and for the desalination
of water; this is supported by several research studies [92,93,114,117]. Furthermore, natural
zeolite and its modified forms are suitable for removing anions and organic substances
from water [115]. The pH of the solution affects the cation adsorption capacity of the zeolite,
as strong acids and alkalis dissolve the zeolite aluminosilicate framework. For this reason,
the highest cation exchange capacity is achieved at a neutral to slightly acidic pH [113].
He et al. [90] used zeolite synthesized from fly ash to remove heavy metals. The heavy
metal removal efficiency increased by increasing the adsorbent dose and increasing the pH
from 1.0 to 5.0.

Ghanbarizadeh et al. [89] compared the adsorbent capacity of natural and modified
zeolite for hardness removal and studied the optimal contact times. The modified zeolite
showed a higher efficiency when removing hardness, and most ions were removed with a
contact time of 90 min.

In their study, Neag et al. [91] employed thermally activated natural zeolite for the
removal of iron (Fe) and manganese (Mn) from groundwater. They found that the zeolite
activated at 200 °C demonstrated the highest effectiveness in simultaneously removing
both Fe and Mn. Fe removal was more efficient than Mn removal.

Natural zeolites can be modified using various methods, such as acid treatment, ion
exchange, and the use of surfactants [115]; thus, they are also suitable for removing anions
from water, and a higher adsorption capacity can be achieved when adsorbing organic
substances and anions [113,115]. Paul et al. [92] used modified zeolite treated with Ca(OH),
for desalination. They found that it is suitable for removing Na from salt water, while
also neutralizing the acidic desalinated water. However, compared to untreated zeolite, it
shows a lower efficiency during sodium removal.

Mubarak et al. [93] used TiO,-modified zeolite adsorbent to remove iron, manganese,
and the total and calcium hardness from groundwater. The presence of a new active
functional group resulted in the improved efficiency of the modified zeolite adsorbent
compared to zeolite. This improvement was observed in terms of the removal of Mn(II),
Fe(III), the total hardness, and calcium hardness. In addition, it was found that the contact
time can be reduced by 29-50% if a zeolite adsorbent modified with TiO; is used.

Gibb et al. [118] used sequentially calcined layered double hydroxide (CLDH) and acid-
treated zeolite as adsorbents for aqueous solution desalination. CLDH first adsorbs CI™~
and temporarily raises the pH, then the acid-treated zeolite removes Na* and neutralizes
the pH. The combined use of CLDH and acid-treated zeolite removes cations and anions
(Na*, K*, Ca?t, Mg2+ and CI7) and results in a neutral pH.

In their study, Amiri et al. [83] employed a combination of natural zeolite, activated
carbon, and nano zero-valent iron to treat the gray water from a student dormitory. The
treated water was subsequently utilized for irrigation purposes. This triple combination
of adsorbents was found to be the most suitable for reducing COD and TDS, and almost
completely removed turbidity. It proved to be more effective than using natural zeolite.
The optimal contact time for the removal of COD, TDS, and turbidity was 4 h, after which
no significant changes were observed. According to their research, when the three mate-
rials were used independently as adsorbents, zeolite was the most effective for reducing
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TDS and removing turbidity, while activated carbon proved to be the most effective for
reducing COD.

5.1.4. Activated Alumina

In addition, Ghanbarizadeh et al. [89] tested activated alumina to reduce the hardness
of groundwater. They found that a contact time of 90 min was the most effective; further
increasing the contact time did not significantly improve the removal efficiency of the
treatment process. The modification of activated alumina with salt did not increase the
adsorption efficiency, while modification with acid and salt acid reduced it.

5.2. Non-Conventional Adsorbents

There are substances in nature that are available in large quantities and can remove
pollutants from water and be used as adsorbents [85,119]. The raw materials of low-
cost adsorbents usually do not require complicated pretreatment, which makes them
economical [119].

5.2.1. Clay

Among the natural adsorbents, the use of clay is widespread, especially clays con-
sisting of montmorillonite, bentonite, kaolinite, and zeolite [85]. Its positive properties
include a high sorption capacity, high chemical and mechanical stability, a high uptake
capacity, and a large surface [85,114]. Another advantage is that there are a large number
of cations (Ca?*, Mg2+, H*, K*, NH4*, Na*) on their surface, which can easily be replaced
by adsorbates [85].

Bentonite can also be used as an adsorbent; it is a sedimentary rock containing the
clay mineral montmorillonite, a mineral mixture [114]. It is suitable for adsorbing many
toxic substances and cations in water, but shows a lower affinity towards negative groups
(e.g., phosphates) [114].

5.2.2. Bentonite

Bastamy et al. [114] utilized bentonite in pilot-scale bed columns constructed from
various materials to investigate its effectiveness in removing pollutants from wastewater.
In the experimental setup, the column was divided into three sections. The top and bottom
sections were filled with a layer of gravel, each measuring 10 cm in thickness. The middle
section of the column was dedicated to ion exchange beds, which were composed of a
mixture of sand and bentonite. The sand-to-bentonite ratio used in the beds was 1:2. They
were able to achieve a high removal efficiency, so the water could immediately be used
for irrigation. The optimal removal efficiency for the tested parameters was achieved
when the contact time was set at 4 h. Subsequently, the removal efficiency reached a stable
state, indicating that further increasing the contact time would not result in any significant
improvements in the removal process.

5.2.3. Sand

Sand is also a substance that occurs in large quantities in nature and can be used
for the adsorption of heavy metals from water. Kan et al. [95] attempted to remove Mn
from water using Fe and Mn oxide-coated sand. The primary objective of the study was
to examine the influence of pH and temperature on the removal efficiency of manganese
(Mn) from wastewater. The pH significantly affects the adsorption of Mn, and increasing
the pH from 5.5 to 8 caused a significant increase in the adsorption capacity. Furthermore,
the temperature is also a significant factor, and the adsorption of Mn increased as the
temperature increased from 25 °C to 45 °C. In general, manganese oxides have a higher
adsorption capacity for Mn than iron oxides.
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5.2.4. Agricultural Wastes

Agricultural wastes can be utilized as alternative adsorbents due to their unique
chemical properties and distinctive structure. The polymer chains present in these wastes
often contain specific functional groups, including alcohol, phenol, aldehyde, carboxyl,
and ketone. These functional groups contribute to their adsorption capabilities and make
them suitable for various applications [85,120]. They are economical as they are abundantly
available, renewable, environmentally friendly, and low-cost [121].

Peels of fruits and vegetables, among the agricultural waste materials, are significant
as potential adsorbents in water treatment. Many of these peels are typically discarded
as waste without further use, but they possess the potential to be utilized as effective
adsorbents. By repurposing these peels, their adsorption properties can be harnessed to
remove contaminants and improve water quality, making them a valuable resource in
sustainable water treatment strategies [121].

Agricultural wastes are mostly not considered effective adsorbents, but their adsorp-
tion efficiency can be significantly increased by physical and chemical methods [122]. In
bioadsorption, a simple chemically modified adsorbent can be developed from certain
plant materials such as bark, leaves, husks, stems, branches, and pods [120].

Biosorbents have a relatively high biosorption capacity, strong mechanical strength,
good thermal stability, and chemical resistance [123]. In recent years, biomass has mainly
been used as a biosorbent, since it is difficult to meet the needs of practical applications
using a single type of biological adsorbent. For the removal of heavy metals, biomass
has already been combined with nanoparticles in several experiments, thereby achieving
excellent adsorption properties. The creation of multi-biological adsorbents is also an
effective modification, as their use can have a symbiotic and synergistic effect. Biosorbents
show a lower adsorption efficiency compared to traditional adsorbents, which is why they
are currently less in demand [124].

Cork is obtained from the trunk and main branches of Quercus suber L. in the form of a
half-tube. Sorption using natural cork or cork modified to biochar or activated carbon can
be used for a wide range of pollutants (heavy metals, organic pollutants) and in different
states (liquid, gas). Cork is more selectively adsorptive for Hg than for Cd, with minimal
interference of the latter, while in seawater the adsorption of Hg is much more reduced
due to the formation of Hg—chlorine complexes. Anionic metals are more easily adsorbed
at acidic pH levels, as electrostatic attraction may play a role in their uptake [125].

In their study, Yan et al. produced biochar from corn stalks, which can be conve-
niently and inexpensively used as a tool for removing various metal contaminants from
wastewater. During their experiments, they investigated the removal efficiency of Cd and
Pb contaminants. They conducted batch experiments while varying different factors such
as pH, temperature, and background ionic strength. Increasing the pH and temperature
was found to enhance the adsorption capacity, while the ionic strength showed negative
effects [126].

In their study, Murtaza et al. conducted a comprehensive analysis of the mechanisms
involved in the immobilization and adsorption of heavy metals and organic pollutants
using biochar under varying environmental conditions. They concluded that the efficiency
of biochar is influenced by factors such as pyrolysis temperature, feedstock type, residence
time, and application rate. Increasing the pyrolysis temperature facilitates the production
of biochars with higher porosity and a specific surface area, thereby enhancing their
adsorption potential. It is important to note that the pyrolysis process generates impurities
like volatile organic compounds (VOCs), dioxins, and polycyclic aromatic hydrocarbons
(PAHSs), which have adverse environmental effects. Hence, using unpolluted feedstock as
the starting material and employing appropriate carbonization technology are imperative
measures [127].

Raheem et al. [94] attempted to remove iron from groundwater using an adsorbent
made from a mixture of sawdust and barley husk in different proportions. They found
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that a mixing ratio of sawdust and barley husk of 0.5:1 resulted in the highest adsorption
efficiency at pH 6.5.

Microorganisms could be a new alternative for removing metal ions from water.
Saccharomyces cerevisiae is one of the most promising bioadsorbents for the removal of metal
ions from water.

Fadel et al. [96] investigated the possibility of removing manganese ions from water
with S. cerevisiae. They concluded that it can be used well for this purpose, and that the pH
has a significant role in the adsorption efficiency. Increasing the pH from 5 to 9 significantly
increased the adsorption efficiency. Regarding the contact time, the microorganism proved
to be the most effective during a contact time of 30 to 45 min.

Kamarudzaman et al. [97] used mushroom compost in a fixed-bed column as a biosor-
bent to remove Mn from an aqueous solution. Pleurotus mushroom compost contains
lignocellulosic, which binds metal ions, and is also available in large quantities, which
makes it an inexpensive bioorganic.

Peat is present in large quantities in nature and can also be used as a bioadsorbent in
water purification [85]. It has a large surface area and a high adsorption capacity [85]. The
main components of peat are lignin, cellulose, and humic acid [85].

6. Conclusions

Traditional surface irrigation is outdated due to scarce water reserves, but the many
micro irrigation techniques that are considered modern, in addition to their efficiency and
proven results, require a high level of knowledge and attention, both in their construction
and application. The quality of irrigation water is affected by both chemical and physical
pollutants. Chemical pollutants are important for both the soil and the irrigation system,
while mechanical pollutants can mainly endanger the operational safety. With regular
irrigation, special attention must be paid to water quality, as the harmful effects of irrigation
often occur cumulatively (salt accumulation, leaching, etc.). The chemical treatment of
irrigation water is problematic, so the best method is to choose a water source that ensures
good quality. The mechanical treatment of irrigation water is determined by the sensitivity
of the irrigation equipment. It is not worth filtering the water unnecessarily, because
it involves a loss of energy. However, it must be taken into account that the nutrients
introduced during irrigation can easily colonize microorganisms (algae, bacteria), which
can cause the build-up of slime, making it easier for particles to accumulate in the system.

The use of adsorbents can be a good method for water purification, which makes it
suitable for irrigation. Conventional adsorbents usually have a higher adsorption capacity
but are expensive. On the other hand, non-conventional adsorbents are easily accessible
and therefore cheap, but have a lower adsorption capacity. Otherwise, biological treatment
methods are reported to be useful for organic contaminants and the removal of heavy
metals; however, it is quite challenging to keep the microorganism alive and handle many
other factors.

For salt and to avoid the formation of scaling, a couple of desalination methods
have been used; these include electromagnetic field, electrostatic precipitator and even
membrane separation techniques, which have a couple of limitations, such as a lower
effectivity at a higher salt concentration, scaling, membrane fouling and a high energy
consumption for running it. The use of adsorbents for purification could help solve
many of the issues of using water for irrigation that would otherwise not be used for
other purposes and become wastewater. The specific advantages of using adsorbents for
wastewater treatment could be their low operation cost on the energy side and specific
removal of many organic and inorganic pollutants. Therefore, the separation of interfering
components via adsorption is effective and promising for future application as expected
irrigation demands increase.
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