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Abstract

The focus of this study is the effect of the physical and chemical
characteristics of groundwaters on plants and agricultural crops, following
the last studies on this matter. The results underscore the necessity for
groundwater treatment before its utilization in irrigation for sustainable
agricultural farming. It is also possible to identify which crop type can be
grown in well-watered land, according to the characteristics of irrigation
water and the yield of each crop. The study also introduces some ideas
aboutirrigation water quality parameters such as Electrical conductivity (EC),
Total Dissolved Solids (TDS), pH, Chloride (CI~), Sodium (Na*) and Potassium
(K*) lons, Nitrate (NO3™), Carbonate (COs%") and Bicarbonate (HCO3™) lons,
Sulfate (SO4%7), Calcium (Ca) and Magnesium (Mg), Sodium Adsorption Ratio
(SAR), Residual Sodium Carbonate (RSC) and Water Quality Index (WQl) and
their effect on crops and soil. Many of the series of studies on the
groundwater quality in Salah Al-Din governorate and its suitability for
irrigation were presented in this study. The research also reinforces the
importance of the protection of groundwater against pollution by excessive
concentrations of harmful elements with adverse effects on plants, soil, and,
ultimately, food security. In summary, found that the groundwater is of
considerable importance in various applications specially in agriculture, and
requires sustainable management. Therefore, thorough and well-planned
strategies must be adopted before establishing any project near groundwater
sources, in order to preserve them and protect the surrounding environment,
and it's necessary to be treated before using in irrigation.

key words: groundwater quality parameters; EC; crop yield; agriculture;
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1.Introduction

Groundwater quality is an integral part of agricultural productivity as
it has a direct impact on the soil and subsequently on crop production.
Polluted groundwater would adversely affect crops and ecosystems, which
creates the need to control water quality. (Saeed, 2014).
Groundwater quality parameters are defined in both physical, chemical,
and biological terms. Temperature, turbidity, and electrical conductivity
are the physical parameters that may affect the usability of the water.
Chemical parameters include nutrients, salts, and pollutants; biological
parameters include microorganisms that can affect the safety and quality
of water. (Acharya et al, 2010). Sustainable and resilient agricultural
practices depend on freshwater resources, the management of which will
be vital in the context of global change. These include measures to
promote water efficient use, risk reduction of contamination and recharge
of groundwater enhancement methods. Decision-makers on the policy
front, among food producers and across the research spectrum should
be working to seek out modern technology and best practices that work in
equilibrium with sustainable agriculture, and environmental stewardship.”
(Varela-Ortega et al, 2011). In short, groundwater is essential for
agriculture, especially in areas where surface water is scarce. They are
required for the continuity of these resources and the sustainability of
agricultural systems (Srivastav et al., 2021).

Hence; this review focuses on the effect of groundwater quality
parameters on plant and crop yield when being irrigated by groundwater, it

emphasizes the recent studies that investigated this in the past.
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2. Water quality parameters and their effects on agriculture
Various systematic approaches of measurement, sampling
and laboratory analysis is available to assess the groundwater quality for
irrigation. The choice of water quality indices is only the first step, as IWQl is
constructed around different physicochemical parameters for the evaluation
of suitability of water for irrigation. Factors such as EC, sodium adsorption
ratio (SAR) and Na% are constraining. (Ajmal et a/., 2023). Knowledge of the
physical, chemical and biological parameters of water is very important
before using it for various purposes, which inverts or describes water

quality(Abd Al Satar & Sachit, 2021)

2.1 Electrical conductivity (EC)

EC is one of the most important indices of salinity in water and soil,
which reflects the contents of the dissolved salts, including sodium, calcium,
magnesium, chloride, sulfate, and bicarbonate. In agriculture, ECis commonly
used to evaluate the suitability of irrigation water and salinity status of soils
and are the most essential factors for improvement of plant and crop
production.

Irrigation with saline water is treated as that water has sure effects on
plants. So high EC value in irrigation water belongs to high salt contents.
High-EC water can lead to elevated soil salinities, which can impose osmotic
stress in plants and limit water extraction even when soil moisture is
seemingly adequate. As a result, it can reduce germination rates, stunt

growth, and freeze yields (Ayers & Westcot, 1985).
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Salinity tolerance is different for various crops. There is a wide range,
with broadly salt-tolerant crops (like barley and cotton) on one end of
the continuum, and highly salt-sensitive crops (like beans and strawberries)
on the other. EC monitoring enables crop selection, leaching application and
irrigation scheduling to avoid salt build-up in the root zone. In addition, the
use of high-EC water for extended periods may also cause soil degradation,
especially in heavy-textured poorly-drained soils (where salts may precipitate
and accumulate over time). This might require further management tools,
including soil amendments or drainage systems, to keep the soil productive.
Accordingly, EC is an important parameter to test the quality of irrigation
water and assists farmers for sustainable agricultural implementation and

soil salinity prevention.

2.2 Total Dissolved Solids (TDS)

Total Dissolved Solids (TDS) are, by definition, the total concentration
of all dissolved substances (both organic and inorganic) in water, including
minerals, salts, and metals. They are found in the ionic form, which includes
calcium, magnesium, sodium, potassium, chlorides, sulfatesandbicarbonates.
Total Dissolved Solids (TDS): Expressed in milligrams per liter (mg/L) and
one of the most key measures of water quality for agricultural purposes.

That TDS can cause salinity problems with irrigation water in
agriculture. If high TDS water is continuously used, salts will build up in the
soil, particularly in saline-prone areas and dry climates where drainage is
inadequate. It decreases osmotic potential of the soil, making it more
difficult for roots to absorb water, even when moisture appears adequate.

This leads to water stress (Ayers & Westcot, 1985) as well as crop stress
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which means lesser crop growth leading to lower yields. In addition, some
ions that comprise TDS, including sodium and chloride, may be harmful to
sensitive crops when their concentrations exceed threshold levels. Prolonged
salt exposure may change the structure and permeability of soils,
especially those with high sodium content, resulting in decreased infiltration
and aeration. High TDS levels can also affect the application of fertilizers and
pesticides, as water with dissolved solids above a certain level can also affect
the solubility or cause adverse reactions between the applied chemical and
the water at higher levels. High TDS in irrigation can also damage soil, so,
monitoring TDS in irrigation is highly critical to maintain soil health as well as
to achieve maximum crop production. The Food and Agriculture Organization
(FAOQ) indicate that irrigation water contains TDS 2,000 mg/L is unsuited to
crops and must be managed very carefully (For more arranging but still far
reader) (Ayers & Westcot, 1985).

2.3 pH of Water

The pH of irrigation water is an important agricultural characteristic
determining the soil chemistry and availability of nutrients vital for plant
growth. The pH of water that is outside the most productive band can affect
the health and yield of the crop. According to Horneck et al. (2007), the pH
in the saturated area of the soil should fall within the range of 6.5-8.4, as
extreme acidity or alkalinity would negatively influence nutrient uptake and
structure of the soil, therefore deviating from the optimum soil pH for most
agricultural crops. Water for irrigation with acid (pH < 6.5) can cause soil
acidification, with documented higher solubility of toxic elements as Al and

Mn. These substances can be toxic to plants, causing root destruction and
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stunted growth. Acidic water may also damage the irrigation equipment,
raising the costs of maintenance and limiting the lifespan of the systems
(Horneck et al., 2007). In contrast, alkaline water, i.e. water with pH above
8.4, can reduce the availability of nutrient such as phosphorus, iron, and
manganese. Such deficiencies typically manifest as chlorosis, stunted growth
and reduced yields. Alkaline water often has a high concentration of
bicarbonate and carbonate ions, which will exacerbate soil structural
problems and sodium problems (Horneck et al., 2007) To avoid the above
problems, farmers must regularly measure and control the pH of the
irrigation water, using acidifying or neutralizing agents when required. This
preserve soil fertility and ensures that the assets of the soil properly use,

leading to supporting sustainable crop production (Horneck et al., 2007).

2.4 Chloride (CI7), Sodium (Na*), and Potassium (K*) lons in Water

Chloride (CI7), sodium (Na*), and potassium (K*), are often present in
the irrigation water and are the major ions containing salts that are
responsible for affecting the growth of plants and the health of the soil.
Although these ions are necessary for plant growth in small quantities, over
the threshold of tolerance they become harmful to plants or can persist in
the soil for long periods (Grattan & Grieve, 1999).

Chloride (CI7): It's a required micronutrient; but at high concentration,
it induces marginal leaf burn and abscission in the leaves as well as yield loss
in crops, especially in chloride susceptible species like avocado, grape and
citrus. Under high evapotranspiration conditions, the impacts are amplified
as chloride is more readily stored in plant tissues. The toxicity due to the

excess of these ions in irrigation water can still be monitored and managed
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to maintain soil productivity in the long run. However, adequate practices
which attenuate the adverse effects of salinity include leaching practices, soil
amendments (such as gypsum for sodium) and appropriate salt-tolerant
crop choices (Grattan & Grieve, 1999).

Sodium (Na*): One element of the first group that is even more
problematic for agriculture is sodium (Na*) due to its influence on soil
structure. Excess sodium can disperse soil particles, impeding infiltration &
permeability, causing problems with root development and waterlogging.
Sodium also displaces important plant nutrients such as potassium and
calcium. The impact of sodium (Na) is often evaluated using the Sodium
Adsorption Ratio (SAR) for water quality assessments (Grattan & Grieve,
1999).

Potassium (K*): It's an essential macronutrient in plant metabolism,
playingakeyroleinenzymeactivation, regulation of waterand photosynthesis.
However, at high levels it can interfere with uptake of magnesium and
calcium, causing nutrient deficiencies and poor crops, it is generally believed
to be less toxic than sodium or chloride. Irrigation water potassium levels are
generally not harmful by themselves unless they are enhanced by fertilizer

leaching or, industrial sources (Grattan & Grieve, 1999)

2.5 Nitrate (NOs~) in Water

Nitrate (NOs™) is a common form of nitrogen found in agricultural
runoff and groundwater due to the widespread use of nitrogen-based
fertilizers. While nitrate is essential for plant growth, its presence in water—
particularly in excess—can pose significant challenges to both environmental

quality and agricultural sustainability. In agricultural areas, nitrate seeping
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into surface and ground water is usually due to overuse of fertilizers or
inefficient irrigation. This pollution causes a decrease in the quality of water,
rendering it unfit for human consumption, and can also contribute to
eutrophication in adjacent aquatic systems (Rivett et al., 2008). Eutrophication is
the process of nutrient loading, which leads to excessive algal production,
causing reduction of oxygen and damage to the organisms living in the water.
On one hand, contaminated water with high nitrate content can be welcome for
agriculture. Low concentrations nitrate in the irrigation water, on the other hand,
can act as an additional source of nitrogen for crop uptake which may reduce
fertilization requirements. However, high levels of nitrate in irrigation water may
cause nutrient imbalance, soil salinity and nitrate toxicity, which is especially
dangerous in forage crops utilized as fodder by livestock (Addiscott, 2005).

The control of nitrate in agricultural water systems is contingent on
integrated strategies including the practice of nutrient budgeting, adoption
of cover crops, and improved irrigation efficiency, and establishment of
buffer areas to minimize runoff. Such strategies could help farmers remain

productive even as they reduce the environmental toll from nitrate pollution.

2.6 Carbonate (COs%") and Bicarbonate (HCO;™) in Water
Carbonate (COs2") and bicarbonate (HCOs™) ions present in irrigation
water are the most common pH determining factors in irrigation water. These
ions derive from the dissolution of mineral deposits (like limestone), and
may have a great impact on soil chemistry and agriculture productivity.
Excessive ‘hard conditions’ in field irrigation water can result in calcium
(Ca?*) and magnesium (Mg?*) being precipitated—essential nutrients for

plant health. This also diminish the availability of these nutrients in the
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soil which can cause deficiency and unbalanced nutrients and soil structure
(Ayers & Westcot, 1985). The resulting decrease in the relative levels of
calcium and magnesium increases the concentration of sodium (Na*), leading
to soil sodicity, a property that leads to deteriorating soil structure, decreased
soil permeability, and restricted root development. An important index to
assess such a risk is RSC (Residual Sodium Carbonate), which is determined
from carbonate, bicarbonate, calcium and magnesium concentrations. High
RSC values indicate a greater risk of soil degradation when such water is used
for irrigation (Rhoades, Kandiah, & Mashali, 1992). a derived indicator from
HCOs™ and COs?" levels — as an important hazard factor:

RSC=(CO32"+HCO3") - (Ca?*+Mg?**)

RSC > 2.5 me/L is considered a severe hazard.

Bicarbonates can also affect plant nutrient uptake by altering soil pH.
Elevated soil pH caused by bicarbonate accumulation may reduce the
availability of micronutrients such as iron, zinc, and manganese, which are
critical for plant metabolism and development (Gupta & Gupta, 1987).

To mitigate these effects, farmers may use soil amendments such as
gypsum (calcium sulfate) to restore calcium levels, improve soil structure,

and reduce sodium hazards.

2.7 Sulfate (SO04%7) in Water

Sulfate (50427) is a naturally occurring anion in soil and water, derived
from the weathering of sulfate-containing minerals such as gypsum and from
anthropogenic sources like industrial discharge and fertilizer runoff. In
agricultural water, sulfate plays a dual role—acting as a necessary plant

nutrient while also potentially posing risks when present in excess.
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Sulfate is an essential source of sulfur, a macronutrient required for
protein synthesis, enzyme activity, and chlorophyll formation in plants
(Hawkesford, 2000). When present in moderate concentrations in irrigation
water, sulfate contributes positively to crop growth and productivity,
especially in sulfur-deficient soils.

However, elevated sulfate levels in irrigation water may lead to several
challenges. High sulfate concentrations can contribute to the formation of
saline or sodic soils, particularly in arid and semi-arid regions. Sulfate salts,
such as sodium sulfate, can increase the total salinity of the soil solution,
reducing water availability to plants through osmotic stress (Ayers & Westcot,
1985). Additionally, excessive sulfate can lead to nutrient imbalances by
interacting with calcium and magnesium, potentially causing deficiencies or
toxicities depending on soil and crop conditions.

In livestock production, high levels of sulfate in drinking water (>500
mg/L) may have negative effects, particularly in young animals, with
symptoms such as decreased feed consumption, diarrhea or, in extreme
cases, sulfur poisoning, which may cause polio encephalomalacia in
ruminants (Loneragan et al, 2001). Appropriate water quality evaluation
and management decisions such as blending water sources or amendments
to the soil are crucial to minimize the potential negative impacts due to high

sulfate concentrations in agricultural environments.

2.8 Calcium (Ca) and Magnesium (Mg) in water
Calcium (Ca) and magnesium (Mg) are major nutrients of groundwater
with a crucial role in agricultural production. Both are essential elements

affecting many physiological and biochemical processes in plants.
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Calcium (Ca)

It is also indispensable in the maintenance of cell wall structure and
integrity in plants. It participates in the production of new cells and in root
growth. Sufficient calcium in ground water can improve the soil structure
thereby better drainage and aeration, both of which are crucial for
optimal root health (Marschner, 2012). Calcium also contributes to reduce
the impact of soil salinity that can negatively

Magnesium (Mg)

A central part of chlorophyll, the molecule that absorbs sunlight and
creates energy in green leaves, relies on magnesium. It is involved in energy
transfer and enzyme activation in plants. Mycorrhiza induced magnesium
uptake from groundwater could enhance photosynthetic efficiency with
resultant increase in crop yield (Marschner, 2012). Furthermore, the uptake
of other important nutrients (e.g., N and P) is facilitated by magnesium and
thereby has a potential to improve plant yields and quality (Cakmak, 2008).

Effects on Agriculture

The levels of calcium and magnesium in the groundwater may play
a critical role in soil fertility and fruit crops. Soils containing these elements
in the correct balance usually result in better plant health, more disease
resistance and better nutrient uptake. In contrast to optimal availability,
either one of these elements may be insufficient and resulting in
physiologic disorders in plants, as blossom end rot in tomato because of
diminishing calcium and interveinal chlorosis in crops such as corn and
bean due to decreasing magnesium (White & Broadley, 2003). In addition,
the availability of Ca and Mg affects soil pH and CEC and therefore nutrient

availability. Calcium can assist in the neutralization of an acid soil
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environment, whilst magnesium can also contribute to the structure and

fertility of a soil (Lindsay, 1979).

2.9 Sodium Adsorption Ratio (SAR)

The Sodium Adsorption Ratio (SAR) is used to assess the relative
concentration of sodium (Na*) to calcium (Ca?*) and magnesium (Mg?*) in
irrigation water. It is a crucial indicator of the potential for sodium to
negatively impact soil structure (Ayers & Westcot, 1985; USDA-NRCS, 1997).

Formula:

SAR = Na/ (Ca-l—Mg)/Z

Where all ions are measured in milliequivalents per liter (meq/L).

Importance of SAR in Irrigation

In water of high SAR, displacement of calcium and magnesium ions can
occur from the surface of soil particles resulting in soil dispersion, crusting,
lower permeability and poor infiltration (Ayers & Westcot, 1985). This can
severely

such as affect plant roots growth and water availability.

2.10 Residual Sodium Carbonate (RSC) in Irrigation Water
RSC value is an important criterion for determining the suitability of
water for irrigation, specifically its effect on soil structure and
percolation properties. It is the sequence of value calculated as:
RSC=(C0Os2"+HCO?*") - (Caz'+Mg:")
Where all ionic concentrations are expressed in milliequivalents per

liter (meq/L).
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RSC measures the ratio of carbonate and bicarbonate ions versus
calcium and magnesium ions. High levels of carbonate and bicarbonate in
comparison to calcium and magnesium, could lead to the precipitation of
calciumand magnesium. This negatively affectthe combined relative sodium,
soil dispersion, infiltration, and soil structure (Richards, 1954). High RSC
waters will lead to the addition of sodium in soil, which has negative
influences on soil permeability and crop yield. The problem is major
in dryland areas where leaching effect is less and irrigation is an integral part

of agriculture.

2.11 Water Quality Index (WQlI) of Groundwater for Agriculture

Water Quality Index (WQl) for agricultural use is an important indicator for
assessing the suitability of the ground water for irrigation. The index is based on
the analysis of selected physio-chemical properties which influence soil structure
and crop health as well as long term agricultural productivity. It usually involved
measurements of EC, SAR, RSC, TDS, chlorides, nitrates, and boron.

High EC and TDS of water would cause soil salinity problems, while
high SAR and RSC would destabilize soil structure and reduce its permeability,
resulting in unsuitable water for crop growing. Thus, evaluation of the WQl is
significant to the farmers and planners for safer irrigation water and also to
make rectifications, if need be.

WaQl is a single value summary of complex water quality data in water
resource management for agriculture, which is easy to interpret and suitable
for decision making. This is a significant issue in sustainable agriculture,
especially in places where there is contamination of groundwater or over

extraction (Ramesh &Elango, 2012).
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3. Survey of Previous Studies in Salah Al-Din Governorate, Iraq
Avariety of naturaland human-induced aspects affect the groundwater
quality of Salah Al-Din. Sedimentary formations with a more complex
hydrogeological structure characterize the geology of the region and
influence the mineral composition of groundwater. Constituents, like most
iron, manganese, and sulfates, may be released during the dissolution process
in the aquifers of rock-water through natural elements (Al-Dabbas et al.,
2018). Most importantly, human activities are the source of greater issues.
With the unregulated agriculture of chemical fertilizers and pesticides large
amount of nitrates and phosphates has increased the levels in groundwaters.
Likewise, the release of untreated sewage and solid waste, together with
leaching from septic tanks, have contributed to microbial pollutants and heavy
metals in to ecosystems (Mahdi & Al-Jaberi, 2021). The differences
in groundwater quality observed in Salah Al-Din are related to numerous
hydrogeological and land use factors. Shallow aquifers which are at high risk of
pollution due to their proximity to agricultural land and populated areas, are
concentrated particularly in southern and central areas of the governorate.
Shallower aquifers, however, provide more protection, but are also far less
expensive to access and monitor (Ismail et al., 2023). In addition, the absence
of advanced wastewater treatment infrastructure in the majority of Salah Al-
Din has resulted in the release of pollutants directly or indirectly into the
subsurface, an action which threatens the safety of groundwater intended for
drinking purposes. Beyond anthropogenic pressures, climate change has
increased the risk to groundwater in Salah Al-Din. The last 20 years have shown
more intensively the rise of temperature as well as the fall of yearly
precipitation in Irag, either of which has led to the decreasing of renewable

water resources and to a larger dependency on non-renewable or slowly
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recharged aquifers (UNESCO, 2021). Longer spells of drought have resulted in
low recharge and increase the dissolved constituents concentration, due to
lack of dilution and have an adverse impact on water quality (Al-Ansari et
al.2018) Such climatic conditions, together with over-abstraction, jeopardize
the long-term viability of the region’s aquifers. Beyond agricultural runoff and
domestic wastewater, industrial activities in and around Salah Al-Din are a
new relevant source of groundwater pollution. Several oil refineries, chemical
plants, and manufacturing facilities are in the governorate and most do not
have wastewater treatment infrastructure. Hydrocarbons, heavy metals, and
toxic solvents from industrial effluents are commonly discharged straight into
the environment or indirectly infiltrate groundwater systems via unlined waste
pits and poorly managed disposal sites (Ali & Al-Haidari, 2021). Wastewater
from hospitals is disposed to the public network then to central wastewater
treatment plants. partly treated effluent is sneak to the groundwater and the
some discharged to the sea(Abd Al Satar & Sachit, 2021a). As illustrated, the
total of these discharges — and therefore long-term aquifer contamination —is
most harmful in regions with high industrial density like Baiji, potentially
triggering irreparable ecological damage and public health risks. Salah Al-Din
Governorate is geographically situated in the Middle of the Iraqi Tigris River
basin, which is the geographical center of Irag’s agricultural and economic
activities. Long drought durations, the unevenness of surface water, and the
deterioration of river systems as a result of upstream damming and
contamination have rendered the wetland areas of Salah Al-Din historically
dependent on groundwater resources for its citizens and industries (Ehab
Mohammad et al, 2020). This has particularly increased the pressure on
aquifer systems that are already overexploited with plenty showing signs of

declining quality and quantity. Poor groundwater quality has wider implications
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than just impacts on humans and aquifers, but also the environment and the
economy as a whole. Irrigation with saline groundwater results in the
salinization of soils limiting agricultural productivity and may lead to land
becoming unfarmable in the long term. The cost related to water purification,
the medical treatment of water-related diseases, and rehabilitation of
degraded ecosystems represents a significant burden on the scarce resources
of the region (Li et al., 2020). Also, the absence of public knowledge about
the safe usage and conservation of groundwater makes the situation worse, as
several communities unknowingly pollute groundwater by irrational waste
disposal and the inept usage of irrigation systems.

Investigations show that the groundwater of Al-Alam district in Salah Al-Din
has high values of Total Dissolved Solids (TDS) ranging between 1930 and above
1000 mg/L, which exceed the allowable limit prescribed by WHO and for Iraqi
standard. The recorded EC data indicate that values can reach up to 3940 uS/cm
which is higher than the normal permissible degree 411 mg/L), both exceeding
the WHO maximum permissible limit (250 mg/L), as a result of the dissolution of
evaporite minerals like gypsum and halite (Hussain et al., 2022). Groundwater in Al-
Alam is also very hard, and has hardness >180 mg/L. Investigation investigated the
suitability of ground water for irrigation in Al-Alam using the indices of (EC), (SAR)
(Na%), (RSC), (MH), and (PI1). Results show that 62% of the samples were found
above the acceptable limits of EC for irrigation which SAR and Na% placed some of
the ground water under doubt for agricultural purposes (Mahmood & Jassim, 2023).
Microbial pollution had been discovered in all tested wells with coliform bacteria
density 3-240 cells/100 ml in study on coliform bacteria presence in wells water.
The most contaminated samples were from Al-Alam in November which imposed
health risks to the consumers (Ali et al., 2022). Some physicochemical studies of

groundwater in Balad have been conducted. AlSaadi et afl performed a study to
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this effect. (2019) found in the studied soils electrical conductivity in the range 590—
3492 uS/cm, which indicated the different levels of soil solution salts. The pH values
were between 7.02 and 7.85, that were close to the neutral. Also, it was noted that
sulfate concentration had a wide range of difference from (49.672 to 796.279 mg/L)
and TDS difference (753- 3,614 mg/L) that also exceeded the standard in some areas
(AlSaadi et al., 2019) Heavy metals were the source of worry in groundwater quality.
Mahmoud & Hassan (2021) also reported Pb levels of 0.355-0.509 mg/L above
the standards of World Health Organization (WHQ). Zinc concentrations ranged
from 0.033 to 3.841 mg L-1 and some of the samples exceeded safe levels. Heavy
metals indicate industrial and agricultural runoff could be the sources of
contamination (Mahmoud & Hassan, 2021).

Recent research has shown that the groundwater in Samarra's water
aquifers has vast hydrochemical fluctuations. Al-Tameemi et a/ reported that
electrical conductivity varies between 650 and 4,200 uS/cm, reflecting different
salinities. The pH ranges from about 7.1 to 8.0. Nevertheless, the values of total
dissolved solids (TDS) are rejoicing the limits (water hardness and usability) and
may range between 800 and 4,500 mg/L (AL-Tameemi et a/.,2020) . Ground heavy
metal pollution is a great concern of Samara's ground water. Hamza & Younis
(2021) reported lead levels varying from 0.25 to 0.65 mg/L, above the WHO
drinking water guidelines. Arsenic and cadmium concentrations were similarly
detected in trace levels, but exceeded permissible levels in some locations,
probably as a result of industrial and agricultural waste (Hamza & Younis, 2021).
Biological Quality Micro-organisms contamination is one of the important problems
that should be considered in assurance of the groundwater safety. Kareem et al.
(2019) tested 20 well water from Samarra city for coliform bacteria, which was
detected in 40% of samples suggesting for a possible fecal contamination. These

results suggest the public health risk and further for effective disinfection prior
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to use for personal remedies against diseases (Kareem et al, 2019). Research
work carried out by Jassim & Al-Ani (2022) assessed the quality of irrigation water
indices and observed that more than 50% of the tested samples possessed high
salinity and SAR and were non-suitable for direct agricultural utilization. Soil
management and dilution are also required to reduce these effects (Jassim & Al-
Ani, 2022). Several indices such as SAR (Sodium Adsorption Ratio), Na% (Sodium
Percentage) and RSC (Residual Sodium Carbonate) have been used to evaluate
the efficiency of groundwater for irrigation. It is pointed out that most of the Tikrit
soil samples were found to be in "non-suitable" category as a result of severe
salinity and sodicity threats (Abed et al.,,2021). aquifers of Al-Dour indicate high
levels of salinity, hardness, and mixture with some heavy metals. These are
problems that are not only harmful to human health, but which damage
agricultural productivity. Local water treatment such as reverse osmosis should be
adopted, awareness of water quality should be raised among the general public,
and periodic programs for ground water monitoring should be established (Kareem
et al, 2011; WHO,2017). The pH of groundwater samples ranged from 6.4 to 8.4,
falling within WHO standards. However, TDS values from 1380 to 1903 mg/L and
total hardness from 1843 to 2357 mg/L indicate that the water is very hard and
mineralized. Sulfate concentrations exceeded 2000 mg/L in some samples, far
beyond the WHO limit of 250 mg/L. Additionally, heavy metals such as iron and
cadmium were detected above permissible levels, potentially from corrosion of

distribution pipes or geochemical sources (Jabbar, 2022).

4. The Effect of Groundwater Quality on Crop Types
The quality of groundwater directly influences agricultural productivity
and the types of crops that can be successfully cultivated. Poor-quality

groundwater contaminated with salts, heavy metals, or toxic chemicals can
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lead to reduced yields, soil degradation, and long-term environmental issues.

Understanding the relationship between groundwater quality and crop

suitability is essential for sustainable agriculture and food security. The

following studies are showing the effect of groundwater quality on crops:

Rhoades et al. (1992) found that long-term irrigation with saline
water leads to accumulation of salts in the root zone, damaging
salt-sensitive crops and restricting options to only salt-tolerant
varieties like barley or cotton.

Richards (1954) noted that water with high SAR levels causes
dispersion of soil particles, leading to poor soil tilth and adverse
effects on most field crops.

Ayers and Westcot (1985) highlighted that irrigation water with pH
outside the optimal range could interfere with nutrient uptake,
particularly affecting crops like maize and rice.

In parts of Bangladesh and India, arsenic-contaminated
groundwater used for irrigation has led to bioaccumulation in rice,
posing a serious food safety issue (Meharg & Rahman, 2003).

A study in Rajasthan, India, showed that in saline groundwater
areas, farmers replaced traditional wheat and chickpea with salt-
tolerant mustard and barley to cope with declining water quality
(Minhas & Tyagi, 1998).

A study by Ministry of Agriculture in Irag was done to explain the
effect of EC on many crops in Samarra in Salah Al-Din Governorate,
Irag using data of several wells and using the following formula to
calculate yield for crops depending on EC values: Yield=100 -
ECemax (ECe - ECen)
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The following table is for one of the wells in the studied area which

shows the effect of EC on crop yield where EC value was 7.42:

(Tablel: salinity effect on plants and crop yield for location 1)

Crop ECen ECmax ECe Yield
Barley 8 28 7.42 100
Cotton 7.7 26.9 7.42 100
Sugar beet 7 24 7.42 97.522
Date palms 4 31.8 7.42 87.688
Wheat 6 20.1 7.42 89.918
Maize 1.7 10 7.42 31.36
Potato 1.7 10 7.42 31.36
Beas 1 6.3 7.42 21.98-
Onions 1.2 7.5 7.42 0.48
Rice 3 11.3 7.42 46.96
Citrus (Orange) 1.7 8 7.42 29.28
Groundnut 3.2 6.6 7.42 65.88-
Carrots 1 8.1 7.42 10.12
Apricot 1.6 5.8 7.42 39.68-
Peas 1.5 11.3 7.42 17.12
Lettuce 1.5 9.8 7.42 28.96
Broccoli 2.8 13.7 7.42 57.496
Grapes 1.5 12 7.42 43.168
Alfalfa 2 15.7 7.42 60.434
Sugar cane 1.7 18.6 7.42 66.252
Clover Barseem 1.5 19 7.42 66.256
Sorghum 6.8 131 7.42 90.018
Soybean 5 10 7.42 51.6
Cowpeas 1.5 13.2 7.42 69.76
Spinach 2.6 12.2 7.42 42.642
Beet red 4 15.1 7.42 69.22
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Conclusion

Based on this study, it was found that it is essential to conduct a
comprehensive analysis of the physical and chemical properties of
groundwater in Salah Al-Din before using it for irrigation, due to its significant
impact on soil and agricultural productivity. It is also important to assess the
suitability of well water for various types of crops in order to ensure effective
agricultural planning, better utilization of arable land, and higher yields. The
results indicated that the electrical conductivity of water plays a significant
role in the growth and productivity of many agricultural crops. High salinity
levels were observed in the groundwater of Salah Al-Din Governorate,
exceeding the permissible limits for irrigation water, in addition to elevated
concentrations of heavy metals. Therefore, the study recommends the
treatment of groundwater before its use in irrigation, to avoid any potential

risks to the environment, plants, and consequently, human health.
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