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The research was carried out at the Department of Agriculture, Soil Science and
Agrochemistry of Vinnytsia National Agrarian University, which made it possible to use the existing
educational and laboratory base and conduct observations during 2022-2024, obtaining
representative data to assess the dynamics of changes in the main agrochemical indicators. Studies
have shown that growing winter wheat and soybeans causes changes in the acidity of the soil
solution, which reflects the impact of crops on the chemical properties of the agroecosystem.
Analysis of soil agrochemical parameters showed that the soil under winter wheat was
characterized by increased acidity (lower pH) compared to other crop rotation options, which may
be a consequence of physiological processes of nutrient absorption by the root system and
microbiological activity in the rhizosphere zone. This trend is consistent with the literature, where a
decrease in soil pH is often recorded for wheat crops during the growing season, which is
associated with biochemical changes and the removal of nutrients by plants (pHKCI 4.6+0.07) and
exceeds the optimal values for this crop. It was established that such a level of acidity potentially
slows down plant growth, reduces the availability of essential nutrients and negatively affects the
activity of beneficial soil microflora. Hydrolytic acidity (Hg) was 3.27+0.09 mg-eq/100g of soil,
which further emphasizes the need for agrotechnical measures. In areas with soybeans, the soil pH
was higher — 5.6+0.06, which is closer to the optimal. The generalization of the data allows us to
note that the cultivation of winter wheat and soybeans has different effects on soil acidity
indicators. Winter wheat demonstrates greater sensitivity to increased acidity and the presence of
mobile aluminum, which can limit its productivity. Soybeans, on the contrary, are grown under
more favorable pH conditions and lower concentrations of mobile aluminum, which ensures more
stable physiological activity of plants and the formation of a high-quality harvest. The results of the
study emphasize the importance of regular monitoring of soil acidity and the use of agrotechnical
measures to regulate it. Practical results can be tested to develop recommendations for crop
selection and agrotechnologies in different soil and climatic conditions, aimed at maintaining soil
fertility and sustainable agricultural production.
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Table 1., Fig. 1. Lit. 11.

Problem statement. The modern agricultural sector operates under conditions
of increasing pressure on natural resources and constant uncertainty caused by
climate change [1]. Intensive use of arable land, crop rotation disruptions, and
insufficient return multi-quality organic soil fraction lead to its degradation, reduced
fertility, and deterioration of agrophysical and agrochemical properties. Combined
with the increase in droughts, uneven distribution of precipitation, and temperature
stresses, this creates serious risks for the stability of agricultural production and food
security [2].
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Under such conditions, the need for prompt and well-founded soil management
based on reliable information about their properties and dynamics of changes
becomes particularly important. However, traditional approaches to soil diagnostics
and agrochemical analysis mostly require significant financial costs, specialized
laboratory equipment, and a long time to process the results [3-5]. This limits the
ability to make quick management decisions and does not always allow for timely
response to degradation processes or adjustment of crop cultivation technologies.

In this regard, there is growing interest in the implementation of new, more
flexible and affordable approaches to soil condition monitoring, which combine
accuracy, efficiency and economic feasibility. Such innovative solutions can ensure
timely detection of negative trends, optimize fertilizer application and resources, and
also contribute to increasing yields while simultaneously preserving and restoring soil
fertility [6-7]. The rational introduction of this species into the green infrastructure of
the region contributes to the preservation of natural resources and the formation of
environmentally sustainable landscapes.

Analysis of recent research and publications. Modern agricultural
technologies are increasingly focused on the use of operational data and accurate
measurements, which allow timely and informed management decisions [8].

A number that determines the acidity/alkalinity of a grounded solution when
dissolved in pH, which indicates the concentration of active water ions (H") in a
grounded solution; this value is measured on a scale from 0 to 14, where lower values
indicate a more acidic reaction and higher values indicate a more alkaline reaction.
This indicator is one of the key agrochemical parameters, since it directly affects the
chemical, biological and physiological processes occurring in the environment (soil,
plant). In important feature of the pH scale is its logarithmic nature, which means that
even a seemingly insignificant change in the indicator is accompanied by significant
shifts in the acid-base balance. In particular, a decrease or increase in pH by one unit
corresponds to a tenfold change in the ratio of hydrogen ions. It has been proven that
a soil solution with a pH parameter of 5 is ten times higher than that with pH 6. At
the same time, at a pH reaction of 4, its acidity level is a hundred times higher than
that of a neutral reaction. To classification, soils with a pH close to 7 are considered
neutral. At pH below 7, the soil is considered acidic, and above this level, it is
alkaline. In agricultural production practice, soils with a pH of up to 6.6 are usually
considered acidic, as this reaction can limit the availability of nutrients and reduce the
activity of beneficial soil microflora [9-11].

In the studies of Tsygansky V.I. it was confirmed that the agroecological
assessment of soils is based on a complex of soil regime indicators, among which the
reaction of the soil solution (pNH,O and pHKCI) and hydrolytic acidity (Hg) are of
key importance. These characteristics are the main indicators of the state of the soil
and directly affect the physiological processes of plants, the activity of soil
microorganisms and the availability of nutrients.
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In particular, they determine the solubility and digestibility of 17 hard-to-reach
forms of nutrients, the processes of coagulation and peptization of soil colloids, as
well as the efficiency of fertilizer application [11].

The acidic soil environment is one of the factors limiting the production of high
and high-quality yields of agricultural crops. Increased soil acidity can reduce the
availability of macro- and microelements, create a toxic effect due to an excess of
mobile aluminum, and also reduce the activity of beneficial soil microorganisms that
contribute to nitrogen fixation and mineralization of organic matter. In contrast,
optimal pH values ensure normal development of the root system, effective
absorption of nutrients and increased crop productivity.

Thus, control and regulation of soil acidity indicators is an important element of
agrotechnical measures aimed at maintaining soil fertility, increasing yield and
quality of agricultural products. Taking these factors into account in practical
agriculture allows creating favorable conditions for crop growth, improving the
efficiency of fertilization and ensuring the stability of agroecosystems.

The level of acidity has different significance for individual crops, since each of
them is characterized by its own biological requirements. For wheat, optimal
conditions for growth and development are formed in a fairly wide pH range — from
5.5 to 7.5. Within these limits, the best availability of essential nutrients is ensured,
soil microorganisms are activated and favorable conditions are created for the
formation crop capacity. Difference of pH from optimal values can lead to disruption
of plant nutrition, reduced productivity and deterioration of the quality indicators
products [8, 10].

However, in practice, a significant part of agricultural enterprises and farms
continues to use traditional, often outdated methods of the soil. Laboratory analyses,
although they are characterized by high accuracy, require significant financial costs,
special equipment and a long time to obtain results, which complicates their regular
use in conditions of intensive farming. The lack of continuous monitoring of soil
parameters limits the possibilities of effective management of water and nutrient
resources, especially under conditions of unstable weather factors. In this context,
rapid soil research methods acquire special importance, as they allow for rapid
assessment of key fertility parameters without significant expenditure of time and
money. First of all, this concerns the determination of soil moisture and acidity,
which are the main factors in increasing productivity.

Didur 1.M. proved it is noted that the level of acidity of the soil environment
significantly affects the availability of macro- and microelements for plants, the
activity of soil microflora and the course of biochemical processes. At pH values
below 6.0, the absorption of nutrients deteriorates, the activity of beneficial
microorganisms decreases and the growth of crops slows down [3].

At the same time, Pantsyreva G.V. noted that an excessively alkaline soil
reaction (pH above 7.3) can also lead to a deficiency of individual nutrients, in
particular phosphorus and microelements, which negatively affects plant
development [6].
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Tkachuk O.P. established that soil moisture is an equally important indicator,
since it determines the conditions for the formation of the root system, the intensity of
physiological processes and the efficiency of nutrient absorption. Both a lack and an
excess of moisture disrupt the normal growth and development of crops, causing
inhibition or even death of plants [7].

Therefore, the implementation of operational soil control methods is an
important component of modern resource-efficient agriculture aimed at increasing
productivity and preserving soil fertility.

Conditions and methods of conducting research. The subject of the study was
the dark gray forest soil of the experimental field of Vinnytsia National Agrarian
University. Experimental work was carried out in stationary conditions at the
Department of Agriculture, Soil Science and Agrochemistry during 2022-2024,
which allowed obtaining reliable data and tracking the dynamics of changes in the
main agrochemical indicators over three years. The research studied the influence of
predecessors, in particular winter wheat and soybeans, on changes in the acidity of
the soil solution. Conducting research in a stationary environment ensured the
stability of conditions and high reliability of the results. The soil of the experimental
site is characterized by an average level of natural fertility, typical of dark gray forest
soils of the Forest-Steppe zone. The humus content, determined by the Tyurin
method, was on average 2.16%, which indicates a moderate supply of soil with
organic matter and a satisfactory potential for its productivity. The reaction of the soil
solution was slightly acidic: the pH values of the saline solution, determined by the
potentiometric method, ranged from 5.6 to 5.8, which may limit the availability of
individual nutrients and necessitate the use of acidity regulation measures. The
hydrolytic acidity of the soil, determined by the Kappen method, was 2.3-2.7
mEQ/100 g of soil, which indicates the presence of exchangeable acidic cations and
the need for agrochemical control of this indicator. The soil nitrogen supply was
average: the content of alkaline hydrolyzed nitrogen according to Kornfield was
within 77-91 mg/kg of soil. At the same time, the soil was characterized by an
increased content of mobile phosphorus (186-251 mg/kg) and an average level of
exchangeable potassium supply (83-98 mg/kg), determined by the Chirikov method.
The combination of the above indicators allows us to consider the dark gray forest
soil of the experimental field excellent for agronomic experiments and assessing the
effectiveness of various elements of agricultural technologies.

Research results. Analysis of the pH indicators of the soil of the experimental
field showed that the degree of acidity can significantly affect the growth and
development of various crops, in particular winter wheat and soybeans. It was
established that the optimal pH level for winter wheat is 5.5-7.5. This range ensures
maximum availability of essential macro- and microelements, active activity of soil
microflora and normal development of the root system. Acidic soils (pH < 5.5) limit
the absorption of phosphorus and cause increased toxicity of aluminum, which
negatively affects yield. Alkaline soils (pH > 7.5) can reduce the availability of iron,
manganese and zinc.
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For soybeans, the optimal pH level of the soil is somewhat narrower and is 6.0—
7.0. Within this range, active work of nodule bacteria that fix atmospheric nitrogen
and effective absorption of nutrients for the formation of beans and seeds is ensured.
When pH > 6.0, nitrogen fixation processes decrease, toxicity (Al-Mn) increases, and
when pH < 7.5, the availability of trace elements deteriorates, which adversely affects
plant growth and yield. The results of the experiment established the resistance of
winter wheat to soil acidity in comparison with soybeans (Fig. 1).
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Fig. 1. Dynamics of winter wheat and soybean yield levels due to soil acidity, %
Source: based on own research

Soil acidity indicators under experimental conditions (Table 1) showed that at
the beginning of the experiment, the pH level exceeded the optimal values
recommended for the successful cultivation of the studied crops.

Table 1
The impact of different winter wheat and soybean growing systems (VNAU
research field, 2022-2024)

Mobile Al Mobile Al Hydrolytic
content, mg- content, mg- acidity (Ng),
Culture pHkel pH water eq/100 g of eq/100 g of mg-eq/100 g
soil soil of soil
winter wheat 4,6 0,07 5,2+0,08 0,08+0,02 0,12+0,01 3,27+0,09
soybean 5,6 £0,06 5,8+0,07 0,05+0,01 0,08+0,01 2,62+0,07

Source: based on own research

Excessive soil acidity is a factor that limits the availability of key nutrients,

slows down plant growth and suppresses beneficial microflora, which directly affects
crop formation. Taking this indicator into account is critically important for assessing
the effectiveness of agricultural technologies and planning measures to regulate
acidity.
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For winter wheat, an increased level of soil acidity was determined: pH by KCI
was 4.6x0.07, and by the water method — 5.2+0.08. The content of mobile Al was
0.08-0.12 mg-eq/100 g, while the hydrolytic acidity reached 3.27£0.09 mg-eq/100 g.
This indicates significant soil acidity, which can potentially negatively affect plant
development. In contrast, in the area where soybeans are grown, conditions were
more favorable: pH by KCI was 5.6£0.06, and by the water method — 5.8+0.07,
which is close to the optimal range (6.0-7.0). Lower level of mobile Al content
(0.05-0.08 mg-eg/100 g) and hydrolytic acidity at 2.62+0.07 mg-eq/100 g.

Conclusions. Comparative analysis shows that the soil under winter wheat is
characterized by higher acidity and higher content of mobile Al, which can negatively
affect the productivity of this crop. At the same time, soil conditions under soybean
are much more optimal for its normal growth, development of the root system and
effective absorption of nutrients. The results obtained emphasize the need for
systematic control of soil acidity and timely agrochemical correction to maintain
stable yields. The results showed that the acidity of the soil under winter wheat is
increased: pH in KCI solution — 4.6+£0.07, by the water method — 5.2+0.08. The
content of mobile Al in this zone varied within 0.08-0.12 mg-eg/100 g of soil.
Hydrolytic acidity was 3.27£0.09 mg-eg/100 g. On the contrary, the plot with
soybeans had more favorable indicators: pH in KCI solution — 5.6+0.06, by the water
method — 5.8+0.07. The content of mobile Al here was significantly lower — 0.05-
0.08 mg-eq/100 g soil. Hydrolytic acidity was 2.62+0.07 mg-eq/100 g, which also
creates favorable conditions for plant growth and their assimilation of nutrients.
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AOCIII’KEHHA KHCJIOTHUX BJIACTHBOCTEH CIPHX JIICOBUX
IPYHTIB

Hocniooicennss peanizogysanucs Ha 6asi kagedpu semiepodcmea, IPYHMO3HABCMEA md
azpoximii BiHHUYbK020 HAYIOHAILHO20 ACPAPHO20 VHIGepCUmMemy, wo 0alo 3M02y BUKOPUCMAmMU
HAs6HY HABYATLHO-1AO0PAMOPHY 6a3y ma npogecmu cnocmepedsicents npoooesic 2022—-2024 pp. iz
OMPUMAHHAM DEenpe3eHMaAmueHux Oanux O OYIHKU OUHAMIKU 3MIH OCHOBHUX QA2POXIMIUHUX
NOKA3HUKIG. Y 00CHIONCEeHHAX BUBYANU 6NIUE HA 3MIHY KUCIOMHOCHMI IPYHMOB020 DO3UUHY 3d
BUPOWYBAHHS 03UMOI nuieHuyi ma coi. Tomy y HAYyKo8iu npayi 8UCBImMIeHO pe3yabmamu OYIHKU
BNIUGY GUPOWYBAHHS O3UMOI NWEHUYi ma coi Ha 3MIHYy a2pOXIMIYHUX NOKA3HUKIE IPYHMY.
lIposedenuii ananiz nokasae, wo IpYHmM ni0 03UM) NULEHUYIO XAPAKMEPU3YEMbCA NIOBULYEHOIO
kucnomuicmiwo (pHkcl 4,6 £0,07) ma nepesuwiye onmumanvHi 3HAYeHHs OAA Yiei KyIbmypu.
Bcmanosneno, wo maxuu pisenv KUCiomuHocmi NOMEHYIUHO VHOBIILHIOE PICM POCAUH, 3HUINCYE
OOCMYNHICMb OCHOBHUX NONCUBHUX eJleMEeHMI8 | XapaKkmepuzyemuvcs He2amuHUM GNiuU8oM Ha
aKmMusHy OisIbHICMb MIKPODIOpU TPYHMY.

Tokasnuxu 2ioponimuunoi kucnromuocmi (He) cmanoeunu 3,27 +0,09 me-exe/100 2 tpynmy,
wo 000amKo80 NiOKPeCaO€ HeOOXIOHICMb NpoBedeHHs azpomexHiuHux 3axodie. Ha oinauxax iz
coero pH tpynmy 6ye euwum — 5,6 £0,06, wo o6nudxcue 0o onmumanvrozo. O3uma nueHuys
0eMOHCMPYE OibULy Yymaugicms 00 NiOBUWEHOI KUCTOMHOCMI MA HAS8HOCMI PYXOMO20 AIIOMIHIIO,
wo moouce obmedcysamu ii npooykmusHicmo. Cost, HABNAKU, BUPOULYEMBCS 3a OiNbUL CRPUANIUBUX
ymoe pH ma menwux KoumyeHmpayii pyxomoco antoMiHilo, wo 3abe3neuye cmMaOLIbHIULY
Qizionociuny akmugHicme pocauH i QOpMY8aHHA BUCOKOAKICHO20 8podicalo. Pesynemamu
00CNI0JHCEeHHS NIOKPECTIOomb  8ANXCIUBICI  pecYIsAPHO20 KOHMPOIO KUCIOMHOCMI IpYHmMy ma
3ACMOCY8aHHA A2POMEXHIUHUX 3aX00i6 01 il pecymoeanus. Excnepumenmanvui dani € 6azor 0
PO3POOKU NPAKMUYHUX PEKOMEeHOayil i3 8ubOOpy Kylibmyp ma Onmumizayii acpomexuonoziu 3
VPAaxy8auHAM 0coOIugocmell IPYHMOBO-KIIMAMUYHUX YMO8, WO cnpusmume NiO8UUEHHIO
epexmuenocmi azposupoOHUYmMea i cmadiibHOCMi NPOOYKMUSHOCMI KYIbMYP 34 PI3HUX PedHCUMIE
00pobImKy  IpYHmMy, CHPAMOBAHUX HA  NIOMPUMKY  pOOIOYOCMI  IpYHmMYy ma  CMAlo2o
CIIbCLKO20CN00APCHKO20 8UPOOHUYMEA.

Knwuoei cnoea: kuciomuicms, MOHIMOpUHZ IPYHMIG, COs, 03UMA HNWEHUYs, pigeHb
BPOHCAUIHOCTII.
Taban. 1., Puc 1., JIim 11.
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