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Today, in Ukraine, the territories for commercial use occupy 92 % of the entire area
of the country. The plowed area of agricultural land is more than 54 %, despite the fact that in
the developed countries of Europe this indicator does not exceed 35 %. The current afforestation
of the country's territory is 16 %, which is insufficient to ensure ecological balance (for example,
a similar indicator in European countries is 25-30 %).

The highest plowed lands are located in the Southern and Central parts of Ukraine — about
90 %. The problem of plowing is aggravated by the irrational use of agricultural lands, and, as
a result, by the insufficient recovery of soil fertility, which in its turn leads to a yearly decrease
in humus content. For example, in virgin black soils in the fertile layer there is on average
10 % of humus, and in plowed black soils of Ukraine this indicator is 3.7-4 % on average. In
addition, such unjustified intensive use of soils actually leads to significant emissions of CO, into
the air, which in some cases is greater than emissions from industry. According to some scientists,
the consequences of such land use lead to the displacement of soil zones, which means the rapid
expansion of the Steppe.

One of today s catastrophic problems is the use of an unlimited amount of pesticides, using
which agricultural producers treat the soil to obtain high yields. And due to its unique feature —
high buffering capacity, Ukrainian soils absorb significant amounts of these chemicals, which
lead to their presence in the soil for hundreds of years. The problem of high levels of heavy metals
in soils also remains a priority at the moment. It is most relevant in the territories adjacent to
industrial cities, on the fields located along the roads, as well as in zones of ecological disasters.
At the moment, there are no properly formed statistics and records of poisonings caused by
chemical means of plant protection in Ukraine. The majority of pesticides enter the human body
through food, and the situation is worsened by the fact that in Ukraine it is sometimes allowed to
use such pesticides that have been long prohibited for use in Europe.

Key words: pesticide pollution, agroecological condition of soils, agricultural crops, intensive
chemization, resource-saving technologies.

bpeyc /I.C. Azpoximiuna xapaxmepucmuxa rpynmie 3a ymoeé IHMeHCUBHOI Ximizayii
ma pecypcozbepizarouux mexHonozii

Ha cvoz00Hi 6 Yrpaini mepumopii, wo 3auinsimi nio 20cno0apcoke 6UKOPUCMAHHS CKAA0AI0Mb
92% eciei niowi kpainu. Po3opanicmy 3eMens CilbCbKO20CNO0apChKo20 NPUSHAYCHHS CKAA0AE
noHao 54%, npu momy, wo po3euHeHux Kpainax €eponu yeu noxkasHux ue nepesuwye 35%.
Cyuacue 3anicnenuss mepumopii Kpainu cxradae 16 %, wo 0na 3a0e3neyenHs eKonociuHoi
PpiBHOBa2U € HeOOCMAmHiM (01 NPUKAAOY AHANO2IYHUL NOKA3HUK 6 €6PONEUCbKUX KpaiHax
cmanosums 25-30 %).

Haiibinvwa posopanicme semni siomivacmocsi na Ili6oni Kpainu ma y yeHmpanvHii
Yipaini it yacmuni — 6nuzvro 90 %. IIpobrema pozopanocmi nocipuyemvcsa HepayioHarbHum
BUKOPUCIAHHAM — CLIbCbKO2OCHOOAPCHKUX — 3eMeNb, 1, 5K  pe3yibmam, HeOOCHAmHbOI
BIOHOBMIOBAHICMIO POOIOYOCI TPYHIMY, WO 8 CE0I0 Uepey NPU380O0UmMsd 00 3HUIICEHHS 8 HbOMY
emicmy eymycy. JJo npuxiady, @ YiluHHUX YOPHO3EMAax 6 pOOIHOMY Wapi IPYHMY 3HAX0OUMbCSL
6 cepeonvomy 10 % cymycy, a @ uopHozemuux Ipynmax YKpainu, yeul NOKA3HUK CKAA0AE
6 cepeonvomy 3,7-4%. Kpim mozo, make Heo6zpynmoeano iHmeHcueHe BUKOPUCTAHHSL IPDYHMIE
gaxkmuuno npuseodumb 00 snaunux euxuoie CO, 6 nogimps, o 6 0esKux UnaoKax € Oitbuumu
3a eukuou 6i0 mpomucirosocmi. 3a m@epdofcenmmu bazamvox HayKo8yis, HACTIOKU MAKO20
BUKOPUCMAHHSL NPU3BO0AMb 00 3MIUJeHHST IDYHMOBUX 30H, WO O3HAYAEC CMPIMKe PO3WUPEHHs]
Cmeny.
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OoHiero 3 kamacmpoiunux npooem cb0200eHHs. € BUKOPUCTIAHHS HEOOMENCEHOT KibKOCHi
necmuyuoie, SAKUMU BUPOOHUKU CITbCbKO2OCHOO0APChKOi NpooyKkyii obpobasioms TpyHm 0is
OMPUMAHHA BUCOKUX 8pOJICcaAis. A uepe3 €010 YHIKanbHY 0cOOIUGICMb — GUCOKY OydepHicmb,
VKPAIHCbKI IpyHmu 80uparoms 6 cebe 3HAUHI KIIbKOCMI Yux XiMiKamis, wo npu3eooums 00
HPUCYMHOCMI IX Y IPYHIMAX NPOMA20M COmeHb pokis. IIpiopumemHoio Ha OaHull 4ac TUuacmscs
MaKoxc npoodoremMa 6axcKux memanie 8 ipyumi. Bona € naiibinbuws akmyanibHolo Ha mepumopinx
npuneznux 00 NPOMUCIOBUX MICH, HA NONAX, WO PO3MAULOB8AHT Y3008iC Y30iu 00pie, a MAaKodic
Y 30Hax exono2iyHux kamacmpo. Ha oanuii momenm 6 Ykpaiui He iCHYE HANEHCHO CPOpMOBaHOT
cmamucmuky ma oOniKy ompyeHb, wo 0yIu GUKIUKAHT XIMIYHUMU 3ACOOaMU 3AXUCHY POCTUH.
Y ceoiii binvuocmi 6 opeanizm 1100uHU necmMuyuOU ROMPANIIOMb Yepe3 NPOOYKMU Xapuy8anHsi,
a cumyayir noziputye me, wo 6 Yxpaini iHo0i 0038011eHO BUKOPUCMOBY8AMU MAKI NECTUYUOU,
wo 6dxHce OA6HO 3a60POHEH] 05 suKopucmants 6 €8poni.

Knwwuoei cnosa: 3abpyonenHs necmuyudami, a2poeKoloiuHUll  Cmau  IPYHMIS,
CIbCbKO2OCNO0APCHKI KYIbMYPU, IHMEHCUBHA XIMI3ayis, pecypco3depiearoyi mexHonozii.

Statement of the problem. The problems associated with the deterioration of the
agroecological condition of the soils of Ukraine and, as a result, the decrease in the
quality of agricultural products grown on them, are becoming significantly more acute.
These problems originate from the end of the 20th century, when the use of chemical
plant protection agents reached a significant scale, and the commercial activity of
those times could be compared in terms of intensity with natural geological processes,
which actually put the future of human civilization on the verge of ecological disaster.
According to expert assessments of the World Health Organization (WHO), the
intensity of human diseases in industrially developed countries on 60 % depends on
the polluted environment, namely atmospheric air, water, and products of livestock and
crop production. Therefore, the purpose of the research is to determine the impact of
intensive chemical treatment on the agroecological condition of soils and on the final
agricultural products [9].

Analysis of recent studies and publications. Depending on the intended use of plant
products, a number of standard rules are applied to it, primarily related to the assessment
of the chemical composition of the crop, the content of toxicants, and the determination
of the chemical properties of various substances that arise and accumulate in plants in the
process of development and growth. Anthropogenic factors lead to certain disturbances
in the metabolism of organisms, which in turn can lead to an increased accumulation of
toxic substances in plant products, a decrease in the biochemical quality of grain, which
in its turn leads to a loss of crop yields [7].

The main sources of soil pollution, and later the transfer from it to grain products,
are the metallurgical, mining, petrochemical and chemical industries, which lead to
the accumulation of mainly heavy metals in grain products; energy, especially nuclear
(NPP) and thermal (TPP) power plants, which affect the accumulation of radionuclides
(accidents at nuclear power plants) and heavy metals (from TPPs) in grain products;
motor vehicles also affecting the accumulation of heavy metals in grain products;
military actions that lead to the accumulation of radionuclides, heavy metals and
petroleum products in soil and as a result in grain products. A separate part in this
list takes agriculture, due to the use of pesticides, fertilizers, irrigation and drainage
measures in crop production and agriculture, as well as wastewater in animal husbandry,
occurs the accumulation of almost all toxicants in grain products: heavy metals, nitrates,
and pesticides [2].

If to consider the effect of nitrates, their increased content in plants is dangerous for
human health. Most people are relatively easily able to tolerate a dose of 150-200 mg
of nitrates per day, the maximum permissible dose is 500 mg, and a dose of 600 mg per
day is considered toxic for an adult. Even a dose of 10 mg per day is toxic for infants [6].
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Regarding the environmental impact of heavy metals, pesticides and mineral
fertilizers used in agriculture are a significant source of their accumulation. Analyzing
the results of researches of famous Ukrainian scientist Balyuk S.A., it can be concluded
that the response to soil contamination by heavy metals of different grain crops is not
the same. Winter wheat, winter rye, spring barley and oats have low reaction on them.
Among them, rye has the greatest adaptive potential, and spring barley — the lowest [1].
The ecologically safe harvest of ear crops is formed with the presence of heavy metals
in the soil at the level of 1-2 Clarks, which is half the maximum permissible level in
the soil. When 5-6 Clarks are reached, it is possible to observe suppression of plant
growth, a decrease in their productivity and, as a result, the quality of products. Corn
and sunflower can withstand soil contamination with heavy metals up to 4 Clarks or
1.0-1.5 maximum permissible levels [5].

Also, some scientists note that the ingress of heavy metals into grain products due
to the use of mineral fertilizers is significantly less compared to the general pollution of
ecosystems, but it cannot be ignored due to the cumulative nature of the impact of all
factors on the environment. In pesticides and fertilizers, heavy metals appear from raw
materials and as a result of imperfect manufacturing techniques. When using nitrogen
fertilizers, 1.3 mg/kg of cadmium and 174.4 mg/kg of lead enter the soil, 2.7 mg/kg of
cadmium and 138.1 mg/kg of lead when using phosphorus fertilizers [4].

A significant part of heavy metals contained in mineral fertilizers is in a potentially
acid-soluble (mobile) form. Under certain conditions, heavy metal ions that are present
in mineral fertilizers and are sufficiently mobile in the soil enter plants, accumulate in
significant quantities and, following trophic food chains, enter the body of animals or
humans [8].

Most researchers consider that the main types of mineral fertilizers used in agriculture
and which may contain heavy metals are primarily phosphorus-potassium fertilizers. As
for the unjustified use of organic fertilizers, it also causes soil contamination with heavy
metals. Namely, together with one ton of manure, about 4 grams of copper, 25 grams
of zinc and 0.3 grams of cobalt enter the soil. One kilogram of dry weight of organic
fertilizers have 15-250 mg of Zinc, 6.6-16 mg of Lead, 0.3-0.8 mg of Cadmium, 2-60
mg of Copper, 7.8-30 mg of Nickel, and 30-550 mg of Manganese [3].

Materials of the research. The research was conducted on dark-gray podzolized
soils. Signs of podzolization on the studied areas are weakly manifested in comparison
with gray soils, and the humus accumulation processes are highly manifested. Thus,
they have a humus-rich enough upper part of the profile, but a humus-free lower one.
Dark-gray podzolized soils have the following characteristic properties: the humus-
alluvial horizon has weak density, and the following horizons have very compacted
structure. Their granular structure is medium- and light loamy.

The agro-physical assessment of dark-gray podzolized soils is within the limits of
satisfactory and good, characterized by a normal stable water regime. In these soils, the
number of water-resistant aggregates noticeably increases, they have slight floatation
processes, and rare form the crusts. The moisture capacity increases significantly, but the
amount of unavailable moisture also increases. Soils have high fertility by nature [10].

The research established that under the conditions of the right-bank forest-steppe
within the Vinnytsia region, with the use of intensive chemization technologies on dark-
gray podzolized soils, the highest humus content was determined in the field under
winter rape and was 4.4 % on average. On the research plot under sunflower, the humus
content was 4.2 %, under corn — 3.7%, under spring barley — 3.5%, and under winter
wheat was 2.3 % on average during the research period (Table 1).
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The highest content of nitrogen was recorded in the soils under sunflower — 98.0 mg/
kg. In the area occupied by spring barley and corn, the content of nitrogen was 21.4 %
less, on the field under winter wheat — by 28.6 % less, and on the area occupied by
winter rape — by 35.7 % less, and amounted to 63.0 mg/kg.

Table 1
Agrochemical characteristics of soils under condition of intensive
chemical treatment (average indicators during 2019-2021)
The content of the
Humus | main nutrients, mg/ | Calcium Acidity
Crop content, kg content,
% mg.eq/kg Hydrolytic,
N P K mg.eqll)(l)() g PH,,,
Winter wheat 2.3 70.0 | 307.0 | 239.0 116.0 0.97 6.1
Spring barley 3.5 77.0 | 281.0 | 197.0 148.0 0.28 7.0
Corn 3.7 77.0 | 319.0 | 112.0 148.0 0.35 6.7
Sunflower 4.2 98.0 | 280.0 | 170.0 160.0 0.36 6.7
Winter rape 4.4 63.0 | 159.0 | 100.0 164.0 1.60 5.8

The content of mobile phosphorus at the highest level was recorded in the soils
occupied under corn and amounted to 319.0 mg/kg. The content of mobile phosphorus
was 3.8 % less on the plot occupied by winter wheat, on the field with spring barley the
phosphorus content was 281.0 mg/kg, which is 11.9 % less than the highest indicator, on
the plot occupied by sunflower the content of mobile phosphorus was lower by 12.2 %
and on the plot under winter rape its content was 159.0 mg/kg, which is 50.1 % less than
the highest indicator.

The highest content of mobile potassium was recorded in the soils under winter
wheat at the level of 239.0 mg/kg. The potassium content on the area used for growing
of spring barley was 17.6 % less, on the area used for sunflower cultivation — 28.9 %
less, in the area used for corn — 53.1% less, and under winter rape — by 58,2 % less,
which is equal to 100.0 mg/kg.

The calcium content at the highest level was recorded in the soils under winter rape,
which was 164.0 mg.eq/kg. The calcium content was 2.4 % less on the plot used for
growing sunflower, 9.7 % less in the soil used for growing spring barley and corn in both
cases, and 29.2 % less on the plot used for winter wheat which amounts 116.0 mg.eq/kg.

Hydrolytic acidity at the highest level was recorded in the soils used for the
cultivation of winter rape and amounted to 1.60 mg.eq/100 g. In the area occupied by
winter wheat, hydrolytic acidity was 39.4 % less, in the areas with sunflower and corn,
hydrolytic acidity was 77.5 % and 78.1 % less, respectively, and the lowest level was
recorded in the plot under spring barley, which was 0.28 mg.eq/100 g or 82.5 % less
than the highest indicator.

The most alkaline soils were recorded in the areas used for the cultivation of spring
barley, where the pH_, level was 7.0. In the soils cultivated under corn and sunflower,
the saline level of a01d1ty was at the level of 6.7, and under winter wheat and winter
rape, pH_, was recorded at the level of 6.1 and 5.8, respectively.

During the use of resource-saving technologies, the highest level of humus content
was recorded in the soils used for the cultivation of winter wheat and amounted to 3.4 %,
which, compared to the conditions of intensive chemical treatment, increased by 47.8 %.
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In the area occupied by sunflowers, the humus content was 3.2%, which, compared to
the conditions of intensive chemical treatment, decreased by 23.8 %. On the plots with
peas and spring barley, the availability of humus was 3.0 and 2.9 %, respectively. The
lowest supply of humus was observed on soils used for growing soybeans and amounted
to 2.3 %, this level of supply of humus was at the same level as during the application
of intensive chemical treatment in fields with winter wheat (table 2).

The highest content of nitrogen was observed in soils under winter wheat, spring
barley, and sunflower, it was recorded in soils at the level of 77.0 mg/kg. In the plots
with peas and soybeans, the content of nitrifying nitrogen was recorded at the lowest
level and amounted to 70.0 mg/kg and 63.0 mg/kg, respectively.

Mobile phosphorus was recorded at the highest level in the soils used for growing peas
and soybeans and amounted to 249.0 mg/kg and 236 mg/kg, respectively. For all other
agricultural crops, there was a significant decrease in the level of mobile phosphorus in
the soil in comparison with the use of intensive chemical methods, namely, in the fields
under winter wheat, the level of content decreased by 253.0 mg/kg, under spring barley
by 198.0 mg/kg, and under sunflower by 114.0 mg/kg.

Table 2
Agrochemical characteristics of soils under condition
of resource-saving technologies (average indicators during 2019-2021)

The content of the
Humus | main nutrients, mg/ | Calcium Acidity
Crop content, kg content,
% mg.eq/kg Hydrolytic,

N P K mg.eq/I)(’]O g pH,,,
Winter wheat 34 77.0 | 54.0 | 49.0 96.0 0.78 6.2
Spring barley 2.9 77.0 | 83.0 | 48.0 70,0 3.48 5.0
Peas 3.0 70.0 | 249.0 | 90.0 95.0 0.31 7.2
Sunflower 3.2 77.0 | 166.0 | 94.0 90,0 0.76 6.2
Soybeans 2.3 63.0 | 236.0 | 65.0 86.0 0.48 6.4

The highest content of mobile potassium during the application of resource-saving
technologies was recorded in the soils used for sunflower cultivation and amounted to
94.0 mg/kg, which is 76.0 mg/kg less than during the application of intensive chemical
treatment. In the lands occupied by peas, the content of mobile potassium was 90 mg/
kg, under soybeans — 65.0 mg/kg, and on the lands occupied by the cultivation of winter
wheat and spring barley the content of mobile potassium was at the lowest level of 49.0
mg/kg and 48.0 mg/kg, respectively.

When studying the calcium content in the soils under the researched crops using
the resource-saving technologies, the decrease was observed in all fields. The highest
amount of calcium was recorded in the plots with winter wheat which amounted to 96.0
mg.eq/kg. The lowest amount was observed in fields with spring barley at the level of
70.0 mg.eq/kg.

Studying the hydrolytic acidity, it was determined that the soil on the field with
spring barley had acidity at the level of 3.48 mg.eq/100 g. On the all other fields, the
acidity ranged from 0.31 to 0.78 mg.eq/100 g, with the lowest on the field with peas.

The most alkaline soils were recorded on the plots used for growing peas, where the
pH_, level was 7.2. On the soils under sunflower and winter wheat, the saline level of
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acidity was at the level of 6.2, and under soybeans and spring barley pH_, was recorded
at the level of 6.4 and 5.0, respectively.

Conclusions. From the presented data, it can be seen that the distribution of nutrients
in the soil under the conditions of cultivation of various agricultural crops sharply differs
during the application of intensive chemical treatment.

Thus, when growing sunflowers, it can be observed a sufficient supply of humus, a
high concentration of almost every nutrient element. The acidity of the soils under this
crop is also within the range of optimal nutrient absorption (from 6.0 to 6.7).

On the contrary, during the study of soils under winter rape, it can be observed a
decrease in the amount of nutrients by all indicators except calcium, as well as the level
of humus availability, which is higher than in the area under sunflower and amounts to
4.4 %. The acidity of the soil under this culture is recorded at 5.8, which significantly
reduces the availability of basic nutrients.

Analyzing the agrochemical study of the soils under the investigated agricultural
crops, during the application of resource-saving technologies, it can be concluded
that there was a decrease in the content of nutrients in all the main indicators of the
agrochemical state of the soils. Thus, the content of humus on fields with spring
barley and sunflower decreased by 17.0 % and 23.8 %, respectively. On fields under
winter wheat, the humus content increased by 32.4 % with the use of resource-saving
technologies. The highest amount of nutrients in the studied soils was recorded in the
fields occupied under peas, the lowest under spring barley.
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