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SUMMARY

Surface waters taken for irrigation of land use areas of the agro-industrial enterprise from
ponds and rivers in the Cherkasy region of Ukraine belong to the class of fresh, mainly
bicarbonate sodium-magnesium and calcium-magnesium by hydrochemical type, weakly
alkaline, rigid and moderately hard.

The suitability of surface waters for drip irrigation was assessed according to agronomic
criteria and the risk of salinization, alkalization, and solonetzic of the soil in all irrigation
sources during the irrigation period.

Based on the observations and analytical studies to assess the state of soils by agrochemical
indicators, it was established that the soils under irrigation conditions did not undergo
classificationally significant changes and are non-saline, non-saline, and non-alkaline.

The research results are essential data for post-project monitoring of the condition of irrigated
lands, identification of possible changes in soil conditions under irrigation conditions, and
justification, if necessary, of measures to minimize the negative consequences of irrigation
land reclamation, as well as measures to manage the fertility of irrigated soils and determine
the prospects for further development of irrigation.
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Introduction

Irrigated lands are potentially stably productive even under extreme weather conditions. At the same
time, they are characterized by an increased risk of adverse processes associated with the action of
irrigation waters: flooding, irrigation erosion, secondary salinization or solonetzic, and soil and
groundwater contamination. Accordingly, the functioning of irrigation systems requires control over
the possible development of processes that negatively affect lands' ecological and reclamation state
and the fertility of irrigated soils (Romashchenko et al., 2023; Didenko et al., 2023). Ecological and
reclamation monitoring is an essential component of monitoring irrigated lands to detect adverse
changes in soil fertility indicators and other environmental elements under the influence of irrigation
and develop measures to minimize them. The proposed system of post-project monitoring of the
impact of irrigation on soil condition includes periodic determination of irrigation water quality
indicators at the water source or irrigation plots and routine monitoring of soil condition at permanent
monitoring points (observation points).

Method and Theory

The purpose of the research. Assessment of changes in the quality of irrigation water and the
condition of irrigated soils on the lands of the agro-industrial enterprise (Cherkasy region, Ukraine).

Research materials and methods. Land monitoring is carried out by periodically determining the
indicators of the hydrochemical composition of irrigation water and the condition of soils at control
points based on the results of observations, sampling of water (chemical composition, cations and
anions, dry residue, pH, individual micro components) and soil (analysis of salt composition, pH of
water extract, composition of exchangeable cations, carbonate content) in 2023 (Fig. 1). Field visual
inspection and routine observations were performed for data processing, including selecting soil and
water samples, laboratory methods, and methods for assessing the quality of water and soils.

Figure 1 Scheme of the location of post-project monitoring control 7 on irrigated lands of an
agro-industrial enterprise: F — experimental field; W — water source.

The total area of the studied land use plots F1=82 ha, F2=65 ha, F3=71 ha, F4=56 ha with drip
irrigation of onions, carrots, and table beets. The soil cover of the enterprise's land plots is represented
mainly by zonal chernozems, degraded and deep low-humus heavy loamy chernozems on loess-like
rocks. Groundwater lies at a depth of more than 5.0-10.0 m from the earth's surface. Water intake for
irrigation occurs from three ponds (W1 - pond on the Sribna River southwest of the village of
Pavlivka; W2 - pond on the Kyshchykha River in the village of Kharkivka, and W3 - pond on the
Sribna River near the village of Nova Hreblya) and the Hirsky Tikich River (W4). The enterprise
applied mineral, organo-mineral, complex with microelements (zZn, S, Cu, Mn, B, Mo, Fe) fertilizers
to the soil to provide plants with nutrients and plant protection products. Soil classification was
carried out in accordance with (VBN 33-5.5-01-97, 2002; DSTU 7827:2015, 2016; DSTU 4362:2004,
2005), water (DSTU 2730:2015, 2016; DSTU 7591:2014, 2015).
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Results

Irrigation water quality assessment. Assessed water quality for irrigation of crops in 2023 based on
the results of chemical analysis of water samples from surface water bodies (Fig. 1, Table 1).

Table 1 Assessment of irrigation water quality by soil impact hazard in 2023.

Irrigation water Irrigation water class  Irrigation water class  Irrigation
Date class according to according to according to the risk water

salinization hazard  alkalization hazard *  of solonetzic ** quality class
W1
May 30 | 11 111 I
June 29 | 11 1 II
August 18 | I/ I/ - II/111
September 27 1 11 111 111
W2
May 30 i 11 I 1l
June 29 | 11 | II
August 18 1 II I II
September 27 1 /11 /111 /111
W3
May 30 1 II/111 I/ - 111
June 29 1 II/111 I/ - 111
August 18 1 I - 11
September 27 1 11 111 111
W4
May 30 1 II 111 111
June 29 | 11 111 I
August 18 | 11 111 I
September 27 1 11 1 11

Note. * In the numerator - for acidic and neutral soils and in the denominator - for alkaline soils.
** |t is inappropriate to assess water quality class 111 according to the risk of alkalization.

In general, according to the results of the assessment at the time of testing (May-September 2023),
W2 water belonged to class |1, that is, it was of limited suitability, W1 - to class Il in June and August
and to class Il in May and September, W3 and W4 (except for September - class Il) - to class Il
quality. Surface water in irrigation sources during the irrigation season with a low content of nitrites
(less than 0.03 mg/dm?®, in some periods up to 2.3 mg/dm?® in W4) and nitrates (0.2-3.3 mg/dm?).

Assessment of the state of individual soil indicators. By granulometric composition, the soils on the
land plots are heavy loams. The humus content in the soil plots is within 2.5-4.9% (from medium to
high). Lower values of humus content are characteristic mainly for areas with the spread of gray and
dark gray podzolized and degraded soils (F2, F4), which is typical for these types of soils.

The primary attention in the monitoring studies of the state of irrigated soils is paid to the study of
possible changes in their salt characteristics due to the influence of irrigation water, i.e., the arrival of
additional salts with it, taking into account their qualitative composition.

Results of soil salinization studies. Soil salinization studies were conducted at monitoring points
(Fig. 1). According to the content of easily soluble salts in the soil layer of the surveyed fields at the
beginning of the irrigation period and after its end, they are classified as non-saline (Fig. 2). Soils are
non-saline both in terms of the sum of all easily soluble salts and in terms of the content of some of
these salts, which in specific concentrations have a toxic effect on plants, inhibiting their growth and
development, i.e., toxic salts.
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Figure 2 Salt profiles of the distribution of ions and salts in the agueous extract.

The prevailing type of salinization is sulfate-hydrocarbonate - by anionic composition and
magnesium-calcium - by cations. Within F1, an increase in both the total content of salts and toxic
salts was recorded at the end of the irrigation season, while at monitoring points F2 and F4, on the
contrary, the amounts of salts decreased, and within F3 they remained practically unchanged both in
magnitude and in chemistry. According to the indicators of the degree of soil salinity (non-saline) at
monitoring points, irrigated lands can be classified as non-saline and potentially resistant to the
possible negative impact of irrigation on the development of salinization processes.

Determination of soil solonetzic. Diagnosis of soil solonetzic was based on determining the
composition of exchangeable cations. It varies from 28.8 mg-eq/100 g of soil to 49.0 mg-eq/100 g of
soil in the 0-0.25 m layer and from 21.3 mg-eq/100 g of soil to 50.1 mg-eq/100 g of soil in the 0.25-
0.5 m layer. At the same time, a decrease in the amount of cations at the end of the irrigation season is
observed at all monitoring points.

Considering that the heavy soils in the areas are medium-buffered and highly buffered in terms of
solonetzic (by CaCO3 content — about 7-10% and 10.5-15.2%, respectively), for which the threshold
of salinity (transition to weakly saline) is the content of exchangeable alkaline cations (Na+K) of 3%
and 5% of the absorption capacity (Na+K+Mg+Ca), the soils in the studied massif are non-saling, i.e.,
the process of secondary solonetzic due to irrigation was not recorded during monitoring studies. At
the same time, increased content of exchangeable magnesium (more than 20% of the capacity of the
soil absorption complex or the sum of all exchangeable cations) can adversely affect soil fertility and
be interpreted as magnesium solonetzic.
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Determination of soil alkalization. According to the results of the surveys, the soils within the
irrigation fields by the value of the pH indicator were characterized as predominantly neutral (pH 6.5-
7.5), in some cases (F1, layer 0.25-0.5 m) as weakly alkaline (pH > 7.5).

Assessment of the degree of soil alkalization by the pH indicator, the content of COs* and toxic
alkalinity (HCO3 - Ca®) by the current classification indicates the absence of an unfavorable soil
degradation process in the soil test sites (pH < 8; CO;* - absent; the content of toxic alkalinity is less
than 0.5 mg-eg/100g of soil). At the same time, from the standpoint of assessing their quality, surface
waters are of limited suitability for irrigation. They are unsuitable precisely because of the risk of soil
alkalization, indicating the need for further monitoring.

Conclusions

A constant monitoring of the leading soil indicators and irrigation water quality will allow prompt
decision-making and early planning when selecting irrigated crops, irrigation regimes, and
agrotechnical and agrochemical measures in specific areas.

According to the research results in 2023, it was established that the agro-industrial enterprise soils
under irrigation conditions did not undergo any classification-significant changes. The absence of
manifestations of the processes of secondary (irrigation) salinization, solonetzic, and alkalization of
soils under the influence of irrigation indicates the environmental safety of the latter by the adopted
standards for indicators of the degree of development of the specified soil degradation processes.
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