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A study of water bodies in the Mohyliv-Podilskyi district of the Vinnytsia region was conducted to assess the
suitability of water for irrigation purposes. The research covered local water sources, including surface water,
catchment systems, a pond, and the Kotlubaivka and Dniester rivers (both upstream and downstream of
wastewater treatment facilities). The analyses were conducted in a certified laboratory at the National
University of Life and Environmental Sciences of Ukraine. The research included an assessment of the
chemical composition of water in terms of macro- and microelements, as well as quality parameters such as
pH, mineralization, and temperature. Analytical and statistical methods were used, along with calculating
water quality indicators such as SAR (Sodium Adsorption Ratio), Stebler’s irrigation coefficient A, and the
Water Quality Index (WQI) using the Harrington function. Significant fluctuations were observed in the
concentrations of cations (Na‘, Ca2*, Mg?*), anions (Cl-, SO.2", NOs", HCO;"), and heavy metals (Cd**, Zn?*,
Pb?*, Cu?*, Fe?"), some of which approached maximum permissible concentrations. It was found that,
according to the SAR index, sources No. 2 and 5 demonstrated the highest water quality, while source No. 6
was deemed unsuitable due to the risk of soil salinization. The empirical irrigation coefficient A confirmed
good to satisfactory water quality for most sources, except for sources No. 6 and 8. According to the
Harrington water quality index, the most favorable source was the Dniester River (No. 7) upstream of the
treatment facilities (59.9 %), with sources No. 2 and 5 serving as alternative options. The obtained results
support the relevance of applying integrated assessment approaches for determining water suitability for
irrigation and fertigation, taking into account chemical composition, environmental risks, and technical
feasibility. The findings form a basis for future sustainable water use and environmental monitoring measures.
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1. Introduction expanding (Brez, 2010). Special

Under climate change conditions, the
availability of irrigation is one of the key
requirements for adequate agricultural
production (Yang et al, 2024). Moreover, the
use of fertigation — a practice that combines
irrigation with the foliar application of
macro- and micronutrients to crops during
critical stages of plant ontogenesis — is
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considerations must be considered when
using natural waters for irrigating greenhouse
soils, including low-volume substrates
(Avalos-Sanchez at al., 2022).

According to an analytical report by the
World Bank (Ranu at al. 2024), before the
onset of the Russian invasion, only 1.6 % of
Ukraine's arable land was irrigated, with the
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majority (up to 90 %) located in the southern
regions. The most water-dependent crops,
which consumed 56 % of irrigation water,
were soybeans and corn, accounting for 32 %
and 16 % of irrigated areas, respectively.
After the outbreak of war in 2022, the area of
irrigated land decreased by 13 %. The
destruction of the Kakhovka Dam resulted in
an almost complete loss of irrigation capacity
in the southern regions. Consequently, crop
yields fell by 14 % for corn, 30 % for wheat
and barley, and 21 % for sunflower.
Therefore, Ukraine's post-war recovery plan
must include the development of a new
irrigation strategy that incorporates cutting-
edge global advances in agricultural
production, including comprehensive water
quality assessment that considers soil
characteristics, crop type, environmental
factors, and technical requirements.

Accordingly, the Irrigation and
Drainage Strategy in Ukraine for the period
up to 2030, adopted in 2019 (Strategy, 2019),
requires a fundamental revision in light of the
new realities and the need for a substantiated
methodology for integrated assessment of
water resources for various types of irrigation
and fertigation.

Requirements for the composition and
properties of irrigation water are typically
divided into agronomic, environmental, and
technical categories. Agronomic
requirements (DSTU 2730) are based on
preventing soil salinization and phytotoxic
effects — environmental requirements
(DSTU  7286) concern  accumulating
environmental pollutants through irrigation
water. Special attention must be paid to the
compliance of water composition with
technical standards in methods such as drip
irrigation, particularly when combined with
fertigation or intelligent irrigation systems,
for which separate requirements have been
established (DSTU 7591, Yara fertigation
manual, 2020). According to (Sela, 2019), 90
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% or 250 million hectares of global irrigated
land rely on surface irrigation, which is
associated with considerable unproductive
water losses and a high risk of soil
salinization. Therefore, irrigation
technologies in Ukraine should gradually
transition toward sprinkler systems, sub-
irrigation, drip irrigation, micro-irrigation in
greenhouses, and  fertigation.  These
intelligent  irrigation  methods  place
exceptionally high technical demands on
water quality due to the increased risk of
equipment failure.

Theoretical principles for assessing
irrigation water quality based on risk levels,
ranging from 1 to 5, are presented in Fig. 1.

It should be noted that regulatory
documents include a comprehensive set of
indicators of water quality and composition
for irrigation, which in practice is rarely fully
monitored due to technical and financial
constraints. Therefore, practitioners and
agronomists often create their so-called
checklists of water parameters and
properties, which they assess before
designing a fertigation project and continue
monitoring during operation. The
recommended optimal checklist includes the
following:

1. Field measurements of water
electrical conductivity and pH;

2. Determination of the primary ion
content to calculate the SAR (Sodium
Absorption Ratio), which is a widely
accepted criterion for assessing
salinity and the phytotoxicity of
irrigation water (Jamei at al., 2024);

3. Analysis of suspended particles (e.g.,
sand, algae) that can be filtered out;

4. Determination of specific cations and
anions that may precipitate when
present together, for example, Ca?*
and PO+, COs? ions;

Detection of heavy metals ability to
bioaccumulation (e.g., Pb?*, Cd?").
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* High concentration in irrigation water?

e Persistent and weak sorption in soil?

¢ Plant uptake and accumulation in roots?

e Accumulation in edible crop parts?

Increasing risk level from 1 to 5

* Intake larger (over time) than via other exposure?

Fig. 1. Principles of theoretical assessment of the impact of water composition and properties
for irrigation and fertigation (Drechsel at al., 2023, p. 58)

Based on the test results, designers
determine the type of water source suitable
for use according to the salt composition and
heavy metal content. To remove excess
suspended particles, filters of the appropriate
type are installed (for example, 120-200
mesh, corresponding to particle sizes greater
than 0.125 mm and 0.075 mm, respectively).
If the pH level falls outside the optimal range
(5.5-7.0) for fertigation, an acidification unit
using sulfuric acid is implemented to adjust it
to the ideal value, preventing deposit
formation.

Designers follow the mnemonic rule
“WATER” (see Fig. 2), which should be
adhered to when preparing macro- and
micronutrient mixtures for fertigation. It
ensures consideration of the water phase
composition and helps avoid undesirable
chemical reactions in the solution that can
form insoluble compounds.

In cases where multiple water sources
are available for potential use in irrigation or
fertigation, the issue arises of assessing their
quality comparatively. A direct comparison
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between a measured parameter and its
corresponding maximum permissible
concentration (MPC) is not informative in
this case since water quality must be
evaluated based on a combination of
parameters that differ in their physical and
chemical nature, units of measurement, and
associated risk classes depending on the soil
type, crop species, and other factors.

ORDER OF WORKING SOLUTION
PREPARATION FOR FERTIGATION

w Add water soluble form of fertilizers (nitrates,
phosphates, chlorides)

Acidify to optimal pH value of mixture
Add microelement compounds

Add essential macronutrient compounds to
E adjust NPK ratio

R Rinse the system before filling
¥

Fig.2. WATER Rule for Fertigation Solution
Preparation (Granberry et al., 2023)

Therefore, this study incorporates the
principles of integrated water quality
assessment specifically for irrigation and
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fertigation purposes. Foliar application of
fertilizers, biostimulants, or nanomaterials
through the leaf surface requires special
attention to the water quality used as a carrier
medium. Unlike root irrigation, where salt
load and toxic elements are of primary
concern, foliar application depends heavily
on the chemical, physicochemical, and
biological properties of the water, which
affect the stability of formulations, their
permeability through stomata and the
epidermis, as well as the potential for
phytotoxic effects.

Thus, the objective of our study is to
evaluate the suitability of local water sources
located in the Mohyliv-Podilskyi district of
Vinnytsia region based on integrated
indicators for irrigation and foliar fertigation
through the application of micronutrients in
the form of nanoparticles, to promote
environmentally safe agricultural practice.
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2. Objects and Methods of Research.

The research was conducted in the
southern part of Vinnytsia region,
specifically in the Mohyliv-Podilskyi district,
which, in terms of moisture availability and
thermal support during the growing season,
belongs to the southern warm agro-climatic
zone.

The objects of the study were water
bodies located in the southern part of the
Mohyliv-Podilskyi  district  (Table 1),
precisely surface sources (No. 1, 3),
catchment (spring) sources used for drinking
purposes with a depth of 3 meters (No. 2, 5),
a pond (No. 4), the Kotlubaivka River (No.
6), and the Dniester River before and after the
wastewater treatment facilities (No. 7, 8). All
these sites are important water supply sources
in the studied region; therefore, the sources
were numbered according to the priority and
accessibility of water for local farms.

Table 1. Water Sampling Points

Name of Water Source

Coordinates; Elevation above
sea level

Ne 1 - Surface water source used by local farms for
irrigation and watering, with a 10 m3 storage basin

48.416509, 27.946925;
206 m

Ne 2 - Captured spring, 3 m deep, formerly used for
drinking and cattle watering; has an 18 m3 storage basin

48.418698, 27.946925;
210 m

Ne 3 — Surface water source used for spraying and
irrigation, equipped with a storage basin with a capacity
of 7 ms,

48.420692, 27.946228;
210 m

Ne 4 — Pond used for fish farming and irrigation

48.420488, 27.961963;

206 m
Ne 5 — Captive spring, 2 meters deep, used for drinking | 48.407162, 27.933393;
water supply 213 m

Ne 6 — Kotlubaivka River (Left tributary of the Dniester)

48.411774, 27.899355; 78 m

Ne 7 — Dniester River before the wastewater treatment
facilities of Mohyliv-Podilskyi

48.395314, 27.880756; 56 m

Ne 8 — Dniester River after the wastewater treatment
facilities of Mohyliv-Podilskyi

48.385218, 27.879106, 55 m
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Water sampling was carried out in
accordance with the requirements of DSTU
ISO 5667-6:2009. The research was
conducted at the certified measurement
laboratory for surface water quality and
agricultural water use facilities of the
Department of Analytical and Bioinorganic
Chemistry and Water Quality at the National
University of Life and Environmental
Sciences of Ukraine (NUBIP), accredited by
Ukrmetrteststandart.

The subject of the study was the
indicators of water composition, based on
which a comprehensive irrigation assessment
of water quality can be obtained. The main
research methods were analytical — to
determine the chemical composition of water
samples using standardized procedures; and
statistical — to establish the reliability of
measurement results and to provide a
generalized assessment of water quality.

The composition of water samples
during the spring-summer period of 2024 was
determined based on the content of macro-
and microelements, including the cations K,
Na*, Ca?*, Mg?', Cu?*, Zn2*, Cd?*, Pb2*, NH.",
total Fe, and the anions CI-, SO.2-, NOs™, and
HCOs~. Water temperature was also studied
as an important indicator for assessing the
potential impact on irrigated crops.

A comprehensive water quality
assessment can be performed using various
methodologies (Pusatli at al., 2009). One of
the most widely used approaches is the
classification developed by the United States
Department of Agriculture (USDA). This
system is broadly applied worldwide due to
its accessibility and the limited number of
indicators required for evaluating irrigation-
related risks. A key parameter in this
classification is the Sodium Adsorption Ratio
(SAR), which assesses the risk of soil
sodicity resulting from irrigation practices.

The SAR (Sodium Adsorption Ratio)
value is calculated using the formula:
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Na

Ca+Mg
2

where Na, Ca, Mg — are the concentrations of
the respective cations in milliequivalents per
liter (meqg/L);
pHc — is the calculated value that functions as
a parameter depending on the sum of
concentrations of (Ca?* + Mg?*) and (COs2 +
HCOs"), determined by the formula:

pH. = (PK2-PKo)+P(Ca+MQg)+Pai.(2).

Based on the SAR value, irrigation
water quality can be classified as follows:
less than 3 — excellent quality; 3 to 6 — good;
6 to 12 —fair; 12 to 20 — poor; and 20 or more
— Very poor.

The method of irrigation water quality
assessment was also used, based on the
classification of natural waters by Alekin, in
the form of an empirical irrigation coefficient
A, proposed by Stebler. The formula for
calculating the value of A depends on the
ratio of the equivalent concentrations of
sodium, chlorides, and sulfates in the
irrigation water. The procedure for assessing
the quality of irrigation water according to
this method includes the following sequence:
1. The concentration of water components is
converted from mg/dm3 to mmol/dm3; 2.
Based on the ratio determined in step 1, the
appropriate formula is chosen for calculating
A:

xSAR =

* (1 -84 —pHc(1),

Item 1. If rNa*® < rCl-, that is, if the

sodium ion forms only chlorides,

_ 288

A= sret O
Item 2. If rClI- < rNa* < (rClI- +
rSO427), when sodium is present as both

chlorides and sulfates,
__ 288
" rNa+4rCl (4)
Item 3. If rNa* > (rCl- + rSO4%), that
is, when bicarbonates and carbonates of

sodium appear in the solution:
288

— (
10rNa—5rCl—9rSO4\5)’
where A is the irrigation coefficient; 288 is a
dimensionless empirical coefficient; rNa’,

7
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rCl-, and rSO.> are the equivalent
concentrations of sodium, chloride, and
sulfate ions, respectively, expressed in
mmol/dm3,

Depending on the irrigation coefficient
(A) value, water quality is assessed according
to the criteria provided in (Tanji, 1990).

For the comprehensive assessment of
water quality, the method of calculating the
Water Quality Index (WQI) was used based
on the Harrington logistic function. This
method allows the integration of studied
parameters of water composition and
properties for various types of water use
(Voitenko L., 2017).

The aggregation of partial desirability
values di, determined for each i-th parameter,
is performed using the so-called overall
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desirability  function to the

formula:

according

Dagr. = Y ?=1 d;.(6).

The desirability scale belongs to the
class of psychophysical scales, transforming
a physical parameter into a dimensionless
value, such as the function value d,
interpreted as follows: 1.00-0.80 — very
good; 0.80-0.63 good; 0.63-0.37 -
satisfactory; 0.37-0.30 — poor; 0.20-0.00 -
very poor. For each parameter, it is necessary
to determine the type of constraints—either
one-sided or two-sided. Most water quality
parameters relevant to irrigation are subject
to one-sided constraints, except parameters
such as pH, temperature, total mineralization,
and SAR (Sodium Adsorption Ratio), which
require two-sided evaluation.

Table 2. Two-sided Constraints of Parameters for Calculating Harrington's Desirability
Function in Irrigation Water Quality Assessment

Indicators

Values of the Partial Dimensionless Desirability Function d;

of
Composi-
tion and
Units of
Measure-
ment

0-0.2
Very poor
0.2-0.37
poor
0.37-0.63
Satisfactory
0.63-0.8
Good

08-1
Very good ¢

1-0.8
Very good
0.8-0.63

Good
0.63 -0.37

Satisfactory
0.37-0.2
Poor

0.2-0

Very poor

Dry residue
(total
mineraliza-
tion) —
mg/L

80-
100

150-

0-80 320

320-
400

400-
480

480-
1000

1000-
3500

3500-
5000

5000-
10000

Temperatu-

re—°C 0-8

8-10 12-15

16-18

18-22 | 22-25 | 25-29 | 29-32 32-45

Hydrogen
index (pH)
— pH units

45-5 | 5-54 6-6.5

6.5-
6.8

6.8-
7.2

7.2-
7.5

7.5-

85 8.5-9

9-10.5

SAR
(Sodium
Adsorption
Ratio) —
dimensionl
ess

0.1-
0.8

0.9-
1.2

1.2-

15 1.5-2

2-25

2.5-3 3-6 6-12 | 12-20 20-40
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Table 3. One-sided parameter constraints for calculating Harrington’s desirability function in
the assessment of irrigation water quality

Indicators of Values of the Partial Dimensionless Desirability Function d;
composition, units of |, 0 | 08063 | 0.63-037 | 0.37-0.2 0.2-0
measurement s e e R e
Very good Good Satisfactory Poor Very poor
Irrigation coefficient 25-18 18-6 6-4 4-1.2 1.2-0.2
by Stebler, A
Permanganate 0-10 10-15 15-30 30-50 50-200
oxidizability, mg
O./L
Turbidity, NTU 0-5 5-10 10-50 50-200 200-5000
Nitrate nitrogen, N-
NOs, mg N/L 0-4 5-15 16-20 21-30 30-1000
Totaliron, Fetotal). | o 05 | 005-02 | 0241 1-5 5-20
mg/L

Tables 2 and 3 present examples of
generalized water quality assessment scales
for irrigation, applied to indicators with two-
sided desirability constraints (i.e., those that
have an optimal value range) and one-sided
constraints (evaluated according to the "the
lower, the better"” principle).

For the determination of the values of
these ranges, the complete list of regulatory
and methodological documents in the field of
water quality standards for irrigation was
used.

3. Research Results

For the comprehensive analysis of the
studied water sources for agricultural use
during 2022-2024, the indicators of pH, total
mineralization, and temperature were used,

WATER QUALITY AND ANALYSIS METHODS

as presented in the previous article
(Chobotar, 2024).

Additionally, for the comprehensive
assessment in the next stage of the research,
the content of cations and anions in the water
sources was analyzed. The results of water
quality from various water supply sources
during the spring—summer period of 2022-
2024 for the studied sites are presented in
Fig. 3.

Based on the presented data, the
chemical composition of the water indicates
varying levels of suitability for irrigation, and
the difficulty of assessment based on
individual parameters depends on the content
of the main cations and anions. Therefore, the
approaches to integrated water quality
assessment for irrigation and fertigation
purposes are described below.
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Fig. 3 Average concentrations of cations and anions in the studied water sources during
the spring—summer period of 2022-2024, mg/dm3

At the next stage, the content of heavy
metals, which pose a danger to human health
and may accumulate in agricultural products,
was analyzed. The data are presented in
Fig. 4.

~

1 2 3 4 5 6 7 8
=7 N2+ Cd2+ Pb2+ «=@=Cu2+
Water sources, No.
Fig. 4 Content of heavy
(transition)metals in water sources, mg/dm3

"D o= o a =

As can be seen, the highest
concentrations of zinc, cadmium, and lead
were found in source number 1, which may
indicate the influence of economic activity
and the use of chemicals on the water body.
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The highest copper content was observed in
source No. 6.

Traditional water quality assessment
methods are based on comparing
experimentally determined parameter values
with existing guidelines.

However, integral water quality
indicators represent an approach that
minimizes the volume of data and

significantly simplifies the expression of
water quality status. The main advantage of
integral water quality assessment is the
effective generalization of individual criteria
to evaluate the suitability of using a water
source in a specific sector.

In irrigation practice in the USA and
other countries, irrigation water quality is
assessed based on the Sodium Adsorption
Ratio (SAR). This indicator is used to
evaluate the risk of soil sodicity. The research
results are presented in Fig. 5:

10
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Fig. 5 SAR index during the spring-
summer period of 2022-2024.

Thus, based on the research results,
water samples No. 2 and 5 are classified as
sources with excellent water quality, making
them the most promising for irrigation use in
the studied area (SAR < 3). The SAR values
of sources 1, 3, 4, 7, and 8 indicate that the
water from these samples is suitable for
irrigation. According to the results, water
from the Kotlubaivka River (No. 6) cannot be
used for irrigation in local farms due to the
risk of soil salinization. A detailed analysis of
the percentage of salts (Chobotar, 2024)
suggests a risk of sodium bicarbonate
salinization, making this water source
unsuitable for irrigation.

At the next stage, the empirical irrigation
coefficient A was calculated. The data are
presented in Fig. 6.

35 31.32

'G15 1165 008 11.77

C

0 l

Water SOUI’CES NO

Fig. 6 Indicators of the irrigation
coefficient A for the spring-summer period
of 2022-2024.

According to the irrigation
coefficient A indicators, all sources are
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suitable for irrigation without restrictions and
fall into the categories of "Good" quality
(source No. 2) and "Satisfactory™ (sources
No. 1, 3, 4, 5, 7). Exceptions are sources No.
6 and 8, as the values of the irrigation
coefficient characterize the water quality as
"Unsatisfactory".

The final stage of assessing water
quality for irrigation was the calculation of
the comprehensive Water Quality Index,
which considers all the above-mentioned
evaluation approaches. The Harrington index
calculation data are presented in Fig. 7.

(o}
N

59.9

57.24 57.43 57.3
55.14
50.98 50.12 50.1
1 7 8

Water sources No
Fig. 7 Water Quality Index (%) for
irrigation during the spring-summer period
of 2022-2024.

> O 00 O

Water Quality Index, %
S5 DN O O O O1 O1 O
o 00 O N

SN
SN

The Water Quality Index (WQI)
calculations showed that the most promising
irrigation source, considering the key
parameters specific to irrigation water, is
source No. 7 (the Dniester River upstream of
the treatment facilities), with a WQI of 59.9
%, classifying it as “good” for irrigation. As
alternatives, surface water sources No. 2 and
5 may also be considered suitable for
irrigation, with WQI values of 57.24 % and
57.43 % respectively. These values are close
to the “good” threshold but still fall under the
“satisfactory”  category for irrigation
purposes. Other sources can also be classified
as “satisfactory,” with the lowest WQI
observed in sources No. 1, 4, and 6, each
scoring around 50 %.

11
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4. Conclusions

Based on the obtained research data for
the period 2022-2024, a comprehensive
assessment of the quality of local water
sources for irrigation and fertigation was
conducted using both traditional chemical
indicators and integral evaluation
methodologies. The analyzed water samples
demonstrated considerable variability in the
concentration of key cations (Ca?*, Mg?,
Na*, K*), anions (Cl-, SO+*, NOs~, HCOs"),
and  physicochemical properties (pH,
temperature, mineralization, and
permanganate oxidizability), as well as in the
levels of heavy metals (Cd?*, Pb?", Zn2*, Cu?*,
Fe2*), which are essential for determining the
suitability of the water for agricultural use.

The results of the SAR (Sodium
Adsorption Ratio) analysis showed that
sources No. 2 and 5 exhibited excellent
quality (SAR < 3), indicating minimal risk of
soil sodification and confirming their high
potential for irrigation use. Other sources
(No. 1, 3, 4, 7, and 8) were found to be
suitable with certain limitations, while water
from source No. 6 (Kotlubaivka River) was
deemed unsuitable due to excessive sodium
content, which poses a high risk of sodium
bicarbonate salinization and associated soil
degradation.

The assessment based on the empirical
irrigation coefficient A revealed that most
sources fall into “Good” or “Satisfactory”
categories, with the exception of sources No.
6 and 8, which were classified as
“Unsatisfactory” due to disproportionate
levels of Na*, Cl-, and SO.+?". These results
confirm the importance of cation-anion
balance in evaluating irrigation water quality,
especially in relation to salinity and long-
term soil health.

The comprehensive Water Quality
Index (WQI), calculated using the Harrington
function, integrated all examined chemical
parameters into a single synthetic indicator of
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usability. The highest WQI score was
recorded for source No. 7 (Dniester River
upstream of the treatment plant), reaching
59.9 %, which categorizes it as “Good.”
Sources No. 2 and 5 closely followed with
values of 57.24 % and 57.43 %, placing them
at the upper end of the “Satisfactory” range
and indicating their potential as alternatives
for sustainable irrigation.

Overall, the study confirms that while several
sources meet minimum standards for
irrigation water, only a few can be considered
optimal without additional treatment. This
highlights the need for a tailored water
management strategy that incorporates not
only chemical composition but also
ecological safety and technical feasibility.
The findings provide a solid foundation for
informed decision-making in irrigation
planning, fertigation system design, and
environmental risk mitigation in the
Mohyliv-Podilskyi district and similar
agroecological regions.

References

1. Yang, Z.; Chen, Y.; Wang, S.; Zhou, C.;
Niu, L.; Wang, W.; Huang, Q.; & Yu, H. Optimized
Evaluations of Irrigation Profits and Balance of
Irrigation Water Demand and Supply Under Climate
Change. Water. 2024, 16 (23), 3525.
https://doi.org/10.3390/w16233525

2. Bres, W.; Kleiber, T.; Trelka, T. Quality of
water used for drip irrigation and fertigation of
horticultural plants. Folia Hortic. 2010, 22,
10.2478/fhort-2013-0161.

3. Avalos-Sanchez, E.; Lopez-Martinez, A.;
Molina-Aiz, F. D.; Reca, J.; Marin-Membrive, P.;
Valera-Martinez, D. L. Effect of different substrates,
and irrigation with water with different saline
concentrations, on the development of tomato fungal
diseases in an Almeria-type greenhouse. Agronomy
2022, 12 5), 1050.
https://doi.org/10.3390/agronomy12051050.

4. Sinha, R.; Karimi, P.; Rosa, L.; Ragettli, S.
The Future of Irrigation in Ukraine; World Bank
Group: Washington, D.C, 2024.
http://documents.worldbank.org/curated/en/09906252
4074575405

12



Water & Water Purification Technologies. Scientific and Technical News

5. Cabinet of Ministers of Ukraine. Strategy
for Irrigation and Drainage in Ukraine for the Period
up to 2030; Approved by Order No. 688-p dated
August 14, 2019.
https://zakon.rada.gov.ua/laws/show/688-2019-
%D1%80#Text

6. DSTU 2730:2015. Environmental
Protection. Quality of Natural Water for Irrigation.
Agronomic Criteria; National Standard of Ukraine:
Kyiv, 2016; 9 pp.

7. DSTU 7591:2014. Irrigation. Water
Quality for Drip Irrigation Systems. Agronomic,
Ecological and Technical Criteria; National Standard
of Ukraine: Kyiv, 2015; 18 pp.

8. Yara International. Yara Fertigation
Manual; Yara UK Ltd: 2020.
https://www.yara.co.uk/siteassets/crop-
nutrition/media/uk/uk-product-
brochures/specialities/yara-fertigation-manual-
2020.pdf

9. Sela, G. Fertilization and Irrigation:
Theory and Best Practices; Kindle Edition, 2019; 250

pp.

10. Drechsel, P.; Zadeh, S. M.; Salcedo, P.
Water Quality in Agriculture: Risks and Risk
Mitigation; FAO Publishing: Rome, 2023; 190 pp.

11. Jamei, M.; Mumtaz, A.; Karbasi, M.; et
al. Monthly sodium adsorption ratio forecasting in
rivers using a dual interpretable glass-box
complementary intelligent system: Hybridization of
ensemble TVF-EMD-VMD, Boruta-SHAP, and
explainable GPR. Expert Syst. Appl. 2024, 237 (Part

WATER QUALITY AND ANALYSIS METHODS

On-line ISSN 2521-151X

B), 121512.
https://doi.org/10.1016/j.eswa.2023.121512

12. Granberry, D. M.; Harrison, K. A
Kelley, W. T. Drip Chemigation: Injecting Fertilizer,
Acid and Chlorine; Bulletin 1130; University of
Georgia Extension: 2023; pp 1-12.

13. DSTU IS0 5667-6:2009. Water Quality
— Sampling — Part 6: Guidance on Sampling of
Rivers and Streams (ISO 5667-6:2005, IDT);
Derzhspozhyvstandart Ukrainy: Kyiv, 2012; 9 pp.

14. Pusatli, O. T.; Camur, M. Z.; Yazicigil, Z.
H. Susceptibility indexing method for irrigation water
management planning: Applications to K. Menderes
river basin, Turkey. J. Environ. Manage. 2009, 90 (1),
341-347.

15. Tanji, K. K., Ed. Agricultural Salinity
Assessment and Management; ASCE Manuals and
Reports on Engineering Practice No. 71; American
Society of Civil Engineers: New York, 1990; pp 220-
236.

16. Voitenko, L.; Voitenko, A. Integrated
assessment of irrigation water quality based on
Harrington's desirability function. Int. J. Agric.
Environ. Food Sci. 2017, 1 (1), 55-58.
https://dergipark.org.tr/en/download/article-
file/394518

17. Chobotar, V. V.; Kopilevich, V. A,
Kravchenko, O. O. Analysis of natural water quality in
the Dniester River Basin for economic utilization. J.
Water Chem. Technol. 2024, 46, 636-644.
https://doi.org/10.3103/S1063455X24060031

13



Water & Water Purification Technologies. Scientific and Technical News On-line ISSN 2521-151X

KPUTEPII IKOCTI TPUPOJHUX BO/I: XIMIYHI ACIIEKTH
BUKOPUCTAHHS B 3POIIIEHHI TA ®EPTUT AL (HA
IMPUKJIA I MOT'JIIB-TOAL/TbCHKOI'O PAMMOHY
BIHHUIIBKOI OBJIACTI)

B’auecnas Yobomap*, Borooumup Koninesuu?
L2HarionanbHui yHIBEpCUTET OiopecypciB 1 IPUPOLOKOPUCTYBAHHS Y KpaiHH,

ly.chobotar@nubip.edu.ua

2natgum@nubip.edu.ua

IIpogedero docnioxcennss 600Hux 00’ ekmie Moeunis-Ilodinbcvroco pationy Binnuysvkoi obracmi

3 MemoI OYIHKU NPUOAMHOCIE 800U 0151 3pOUleHHsl. Y 00Ci0dcenHT 0XonieHo Micyesi ddcepena:
NOBEPXHesl 800U, KANMANCHI cucmemu, cmasox, a makooic piuku Komaybaiska i /[nicmep (0o ma
nicis ouuchux cnopyo). Awaniz nposoouscs y cepmugbikosaniti rabopamopii Hayionanbhozo
VHigepcumemy Oiopecypcig i npupo0oKopucmyseants Yxpainu. Bueueno ximiunuii cknao 6oou 3a
eMicmom Makpo- [ Mikpoeremenmis, a maxodc sxicui noxaswuku (PH, minepanizayis,
memnepamypa). 3acmoco8ano AHANIMUYHi Mma CMAmuCmudti mMemoou, a Mmaxoxdc 0OYUCIeHO
inoekcu sikocmi 600u’: SAR (Hampiceo-adcopbyitine cnigsionouenns), ipueayitinuil koeghiyiecnm A
3a Cmebaepom ma indexc sikocmi éoou (IAB) 3a ¢yukyicio Xappinemona. Busieneno 3nauni
konusanus konyenmpayin kamionie (Na*, Ca2*, Mg?*), anionis (Cl-, SO, NOs~, HCOs") i sasckux
memanie (Cd?*, Zn?*, Pb?*, Cu?*, Fe?"), desxi 3 skux HAOAUNCATUCH 00 SPAHUYHO OONYCIUMUX
KoHyenmpayit. 3a inoexcom SAR nausuwyy sxicms npodemoncmpyeanu Odicepera Ne 2 i 5, a
odicepeno Ne 6 6y10 GU3HAHO HENpUOAMHUM uepe3 PUUK 3ACONeHHa TpyHmie. Ipueayitinuil
Koegiyienm A niomeepous 006py ma 3a008i1bHy AKicmb Oibwocmi ddxcepen, kpim Ne 6 i 8. 3a
inoexcom Xappinemona Haukpawum odxcepenom usgunacy piuka /Juicmep (Ve 7) do ouuchux
cnopyo (59,9 %), amemepnamusnumu — Oxcepera Ne 2 i 5. Ompumani pesyrbmamu
niOmeepoNHCyIoms  OOYIIbHICb — BUKOPUCTNAHHS  THME2PANbHUX —Ni0X00i8 00 OYIHIOBAHHS
npUOamHoCcmi 600U 01 3pOUEHHs Ma epmueayii 3 ypaxy8aHHAM XiMIiUHO20 CKAAOY, eKOLOTUHUX
PUBUKIE | MexHIYHOI OoyinbHocmi. JlaHi 00CHiONCeHHs € OCHO80I0 Ol NOOANLUUX 3aX00i8 3i
CMano2o 6000KOPUCMYBAHHA MA €KOJI02IYHO20 MOHIMOPUHRY .

Kniouosi cnoea. inoexc Xappinemoua, 3poulenHs, NpUpooHi 800U, AKICMb 800U,
80OOKOPUCTYBAHHSL.
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