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Abstract. As a result of intensified agriculture, excessive use of nitrogen fertilizers in
the race to increase yields, there is a rapid increase in the acid reaction of soils on part
of the arable lands of Ukraine.

An increase in soil acidity leads to suppression of microbiological activity in the
arable layer of the soil, accumulation of mobile forms of nutrients harmful to plants,
damage to plants by diseases, assimilation of radionuclides and heavy metals by
plants, accumulation of nitrates in them. Due to suppression of the root system by free
aluminum, the winter resistance and drought resistance of grain crops decreases, the
weeding of the fields increases (most weeds can withstand the acidic reaction of the soil
solution), while acidity has a negative effect on all soil biota.

The problem is gaining special importance and requires urgent state intervention.

Liming is the most economically available method of improving soil acidity. Lime
can be used both to maintain the desired level of soil acidity and to restore the pH to
the appropriate level. Deacidification of the soil by only one value (pH from 5.0 to 6.0)
contributes to an increase in productivity by up to 50%.

In this study, theoretical and methodological approaches to the development
of working land management projects for the protection of lands from acidification
(liming of acidic soils) are proposed.

Keywords: liming of soils, working project of land management, acidic soils,
acidification, meliorants.
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Formulation of the problem.

In Ukraine, about 8 million hectares
of arable land and 3 million hectares of
natural land have high acidity and require
liming. During the years of land reform,
acid degradation became a special prob-
lem regarding the rational use of land in
the Kyiv region. The pH level of the soil
solution and hydrolytic acidity are among
the main agroecological indicators, which
primarily characterize the comfort of the
conditions for growing agricultural crops,
the level of efficiency of the use of min-
eral fertilizers. In the acidic environment
of'the soil solution, it is impossible to cre-
ate favourable nitrogen and phosphorus
nutrition for plants, even with sufficient
reserves of these elements in the soil and
applied with fertilizers.

An important problem, in this
context, is the development of working
land management projects to protect
land from acidification (liming of acidic
soils) in order to increase the ecological
and economic efficiency of their use.

Analysis of the latest scientific
research and publications.

The issues of land protection from
dangerous degradation processes were
dealt with by such scientists as: V. An-
drienko, O. Kanash, V. Krivov, L. Kolo-
miets, A.Martyn, S. Osipchyk, S.Po-
gurelsky, M. Stetsyuk, I. Shevchen-ko
and etc. At the same time, nourishing the
defense of lands from acidification (lim-
ing of acid soils) is equal to new and lit-
tle-used venerable science.

Materials and methods of scientif-
ic research.

Materials of already developed pro-
jects, methods of comparative analysis

and scientific generalization were used
during the research on the development
of working projects of land manage-
ment for the protection of lands from
acidification (liming of acidic soils).

The aim of the research is consi-de-
ration of problems related to the pro-
tection of lands from acidification and
highlighting of a methodical approach
to the development of working land
management projects for the protection
of lands from acidification (liming of
acidic soils).

Research results and discussion.

Soil acidity refers to their ability to
neutralize alkaline solutions and acidi-
fy natural waters and solutions of neu-
tral salts, which is due to the presence
of a significant amount of hydrogen and
aluminium ions in the absorption com-
plex. The acidic environment of such
soils limits the production of high and
high-quality crop yields.

The main factor in the radical im-
provement of agrochemical, physic-
ochemical and physical properties of
acidic soils and increasing the yield of
agricultural crops is their liming.

Soil liming is the introduction of lime
meliorants into the soil to neutralize the
excessive acidity of the soil, which is
harmful to many plants, and to improve
its agro-ecological properties.

Various materials and mixtures con-
taining calcium, dolomite, marl, etc. are
used as meliorants. liming of soils must
be carried out in combination with other
agrotechnical measures of soil cultiva-
tion, primarily with the system of ap-
plying organic and mineral fertilizers in
crop rotations.

According to agrochemical surveys,
1.6 million ha of acidic soils in need of
liming (strongly and moderately acidic)
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and 2.9 million ha need (maintenance)
liming to prevent the process of second-
ary acidification.

Soil liming is a highly energy-inten-
sive method of chemical soil reclama-
tion. At the same time, lime standards,
calculated by hydrolytic acidity, reach
4-8 tons or more per 1 ha. The dose of
lime is calculated (per 100% CaCO,),
taking into account the granulometric
composition of the soil.

Solid liming of the arable layer is ex-
pedient to be carried out only on strong-
ly acidic and partly on highly buffered
moderately acidic soils, on which it pays
off with a significant increase in yield.
On moderately acidic, slightly buffered
and slightly acidic soils, maintenance
liming and local chemical reclamation
are effective. With high doses of lime
application and uneven mixing of it
with the soil, zones of overliming often
appear, which leads to the intensifica-

tion of the processes of humification of
acidic soils, excessive accumulation of
nitrates and their leaching into ground-
water, damage to plants by diseases, and
a decrease in the quality of agricultural
crops. Modern resource-saving technol-
ogy of local amelioration of acidic soils
provides an opportunity to avoid such
ecologically dangerous phenomena, to
create a soil environment necessary for
successful cultivation in crop rotation of
different agricultural crops in terms of
soil reaction.

The land use of Municipal Enter-
prise (ME) “Bilotserkivkhliboprodukt”,
which is located within the Bilotserkivs-
ka district of the Kyiv region, was an
example of soil liming measures. Acid-
ic soils occupy 223.0 hectares of arable
land in the land use territory of ME “Bi-
lotserkivkhliboprodukt” (Fig. 1).

According to the natural-agricultural
zoning of the Kyiv region, the study area

Fig. 1. Scheme of placement of fields of field crop rotation on the territory of
land use of ME "Bilotserkivkhliboprodukt'", where soil liming measures will
be carried out
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is located in the Forest-Steppe zone in
the Forest-Steppe Right Bank Province.

Typical low-humus, light- and medi-
um-loam chernozems prevail in the land
use territory of KP "Bilotserkivkhlibo-
produkt". They were formed under the
cover of meadow-steppe vegetation on
the leveled massifs of the loess plateau.
Thanks to this, a significant amount of
ash elements and plant residues, the de-
composition of which took place in con-
ditions of insufficient soil moisture, is
placed in the upper soil horizon.

The most characteristic features of
typical low-humus chernozems are the
significant humus content of their soil
profile, the absence of salts harmful to
cultivated plants, relatively favourable
water-physical properties, etc. The hu-
mus content of the profile is traced to a
depth of 80-140 cm, so they are classi-
fied as medium deep and deep. Accord-
ing to the content of humus, they are
classified as low-humus.

The soils are characterized by the
content of absorbed bases (Ca2++Mg2+)
0f24.8-30.4 mg-eq. per 100 g of soil, the
degree of saturation with the bases of the
absorption complex is 90-95%. Typical
chernozems have significant reserves of
phosphorus, the content of which lies
within the range of 0.11-0.21%, and the
reserves in a one and a half meter layer

of soil vary from 7 to 9 t/ha. Soils are
enriched with potassium, their effective
fertility increases from light loam to me-
dium loam. They are easily processed
by agricultural tools, less prone to wa-
terlogging. All nutrients are easily ab-
sorbed by plants.

Areas of typical low-humus medi-
um-washed chernozems are found with-
in field I. They are characterized by the
washing away of the humus horizon by
half or by 2/3 of its roughness, and there-
fore have reduced fertility.

According to agrochemical surveys,
typical low-humus chernozems have
high acidity, pHKCI varies from 5.1 to
5.3. Given that an increase in the level
of soil acidity can contribute to a signif-
icant delay in the supply of nutrients
to the root system, which, accordingly,
can disrupt carbohydrate and protein
metabolism in plants and slow down
the synthesis process. This leads to a
violation of the pollination process and
the development of generative organs,
worsens the conditions of pouring grain
and reduces the productivity of plants.
Therefore, these soils are subject to
liming.

Agrochemical characteristics of I-V
fields of field rotation Ne. 2 with acidic
soils are presented in Table 1.

Table 1. Agrochemical characteristics of fields with acidic soils

Field Area, ha Code of :(g)irlzgroup of pHKCI Hy(li;gz(tli/cl 3gigity, Soi{g/dcelggity,
I 96,0 53g, 53d, 56g, 56d 5,1 2,93 1,18
II 33,0 53g, 53d 5,1 2,46 -«
I 50,0 53g, 53d 52 2,45 -«
v 22,0 53g, 53d 52 3,05 —e -
\Y 22,0 53g, 53d 53 2,46 —e -
Total 2230
50 Ne 3"2022
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Calculation of volumes of liming
of acidic soils and the cost of lime-
stone material.

The calculation of the volumes of
liming of acidic soils is carried out in
accordance with DSTU 4768:2007 "Soil
quality. The procedure for carrying out
works on chemical reclamation of acidic
soils".

The recommended dose of limestone
material in tons per 1 ha of land was de-
termined by the formula:

0,5*Hr*S*h*d
1000

Dcacos = , where

0,5 — gram equivalent of CaCO,, re-
quired for neutralization of 1 mg-eq Hr
in 1 kg of soil, g;

Hr — hydrolytic acidity, mg-eq/100 g
of soil;

S — plot area, 10,000 m?;

h — the depth to which CaCO, wraps
after spreading, m;

d — compaction density of the soil, g/
cm’;

1000 — conversion factor.

The actual dose of limestone material
in tons per 1 ha of land plot, which con-
tains corrections for the content of mois-
ture, impurities and inactive particles of

limestone material, was determined by
the formula:

Dcacos * 100 * 100 * 100
F = , where
(100 -V) *(100-B) *D

DCaCO, — recommended dose of
CaCO,, t/ha;

V — moisture content in the material,
%;

B — the number of inactive particles
in the limestone material with a diameter
of more than 3 mm and particles with a
diameter of 1 mm to 3 mm that are 50%
less effective than smaller particles, %;

D — the amount of carbonates (CaCO,
and MgCO,) in the limestone material, %;

100 — transfer coefficients.

After that, the recommended and ac-
tual need for limestone material for the
entire area of acidic soils is calculated.

The cost of limestone material is cal-
culated based on the cost of 1 ton of it,
which is 144 UAH.

The results of the calculation of the
volumes of liming of acidic soils and the
cost of limestone material in the section
of the fields are shown in Table 2.

Thus, the amount of limestone mate-
rial required for liming 223.0 ha of acidic
soils is 1066.5 tons in physical weight,
and its cost is 153.6 thousand UAH.

Table 2. Agrochemical characteristics of fields with acidic soils

The actual
Recom- need for Cost of
Recommended The actual dose . .
Field Area, doselimestone menfled need of limestone llmestqne hmestgne
ha material.t/ha for limestone material. t/ha material material,
’ material, tons ’ (physical UAH
weight),tons
1 96,0 3,5 336,0 5,2 4979 71698
I 33,0 29 95,7 43 141,8 20419
I 50,0 29 145,0 43 2149 30946
v 22,0 3,6 79,2 53 1174 16906
\% 22,0 29 63,8 43 94,5 13608
Total | 223,0 32 719,7 48 1066,5 153577
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Table 3. Costs for carrying out technological works on liming acidic soils
(loading limestone material, transporting it and applying it to the soil)

Limestone Expenses on Expenses Costs f Total costs f
development transportation on load . tosds or Others tho a cols s for
and loading | limestone material, | limestone- “;, To ?clng unfore- etH;l_P eﬂ}eﬂ-

Field | costs material | 5 km UAH material 1mestone seen ation o
on the scattered material expenses technolo-

car-dump eyes into the soil, 5 AH > | gical works,

trucks, UAH UAH UAH UAH

I 20314,3 92011,9 | 874114 20314,3 34560 6912 169512
II 57854 26204,6 | 24894,5 57854 11880 2376 50721,4
11 8767,9 39713,5 | 377278 8767,9 18000 3600 76863,6
IV 4789,9 21695,5 | 20610,7 4789,9 7920 1584 39694,6
\% 3855,6 17463,6 | 16590,5 3855,6 7920 1584 33805,7
Total 43513,2 197089,2 | 187234,8 43513,2 80280 16056 370597,2

Calculation of costs for the trans-
portation of limestone material
and its introduction into the soil.

When liming acidic soils, a techno-
logical scheme will be used, which in-
cludes: development of calcareous ma-
terial (excrement) in the sedimentation
ponds (checks) of the sugar factory and
its loading on dump trucks; transporting
limestone material to the farm and un-
loading it near the border of fields with
acidic soils. In order to minimize trans-
port costs, unloading will be carried out
in several places; load of limestone mate-
rial in the spreader; introduction of lime-
stone material into the soil (scattering on
the field) by spreaders.

Cost calculations for liming acidic
soils were performed based on the actual
dose of limestone material required for
liming all acidic soils, the costs of load-
ing limestone material in dump trucks
at the sugar factory, its transportation
(transportation) and application to the
soil. The average distance of transporta-
tion of limestone material from the place
of its loading to the place of introduction
into the soil is 77 km.

Expenses for other unforeseen works

are also taken into account, in particular,
transportation of equipment to the fields,
excrement removal, its storage, etc. The
results of the calculations are shown in
Table 3.

Thus, the costs of technological works
on liming 223.0 ha of acidic soils are:

expenses for loading limestone ma-te-
rial on dump trucks - 43.5 thousand UAH;

expenses for transportation (trans-
por-tation) of limestone material to fields
with acidic soils - 187.2 thousand UAH;

expenses for loading limestone
mate-rial in the spreader - 43.5 thousand
UAH;

expenses for applying limestone ma-
terial to the soil - 80.3 thousand UAH,;

other unforeseen expenses —16.1
thousand UAH;

The total costs for liming acidic soils,
including the cost of limestone material
(153.6 thousand UAH) amount to 524.2
thousand UAH.

Conclusions.

The development of working land
management projects for the protection
of lands from acidification (liming of
acidic soils) is extremely important
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for the development of land relations

at the local level of united territorial

communities, namely, it will contribute

to the protection of lands from possible sion”, Ahrokhimiia i gruntoznavstvo, vol. 3,

acidification and is an important measure pp. 13-14.

to increase the fertility of acidic soils. 3. Administration of the President of Ukraine
(1995), “ Decree of the President "About
complete agrochemical certification of ag-

"o

ricultural lands" ”, available at: https://za-

2. Kanash, O.P. Osypchuk, S.0. and Leonets',
V.0. (1998), “Landscape and ecological
methods of soil protection against ero-
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AOTMUTAHHATNMPO NMPABUJ/IA PO3POBJ/IEHHA POBOYUXTTPOEKTIB3EMJIEYCT-
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AHomayisa. BHacnidok 8e0eHHA NOCUneHo20 CinbCbKo20 20¢cnodapcmeaa, HaOMipHO20 8UKOPU-
CMAHHA a30mHux 0o0bpus y nepe2oHax 3a nidBUWEHHAM 8POIAUHOCMI, HO YaCMUHI OpHUX 3e-
mesb YKpaiHu 8i0bysaemobca wisuoKe nid8uWeHHA KUCA0MHOI peakyii rpyHmie.

MidsuweHHA KucaomHocmi rpyHmis npu3eooume 00 npuzHideHHA MikpobionoziyHoi difnbHo-
cmi 8 OpHOMY wWapi rpyHMy, Ha2POMAOIEHHA WKIOAUBUX 0718 POCAUH PYXOMUX ¢hopM enemeHmis
HCUB/EHHS, YPAIEHHA POCAUH X80pOoOAMU, 30CB0EHHA POCAUHAMU padioHyKnidis, 8aXKUX mema-
71i8, HOKOMUYEHHA 8 HUX Himpamis. Yepe3 npueHiyeHHA KopeHesoi cucmemu 8ibHUM asOMiHIEM
3HUMCYEMbCA 3uMOCmilikicme ma nocyxocmilikicme 3epHosux Kysnbmyp, 36inbwyemsca 3acmide-
Hicme nonie 6yp’aHamu (binbwicme byp’aHi8 BUMPUMYOMb KUCY PeaKyito rpyHmMogo2o po3yu-
HY), Mpu YbOMY KUCAOMHICMb HE2aMUBHO 8MAUBAE HA YCto rpyHmMosy biomy.

Mpobnema Habysae 0cobUB020 3HAYEHHA MA NoMpebye MepMiHO8020 8MPYYAHHA OepHasU.

BanHysaHHA Halibinbw eKoHOMIYHO docmynHUl Mmemoo noinweHHsA KUCA0MHocmi rpyHmy.
BanHysaHHAM MOXHA AK niompumysamu 6axcaHull piseHb KUCIOMHOCMI rpyHMY, MakK i npoeo-
oumu g8id0HoeneHHs pH 00 8i0N08iIOHO20 piBHSA. PO3KUCAEHHA rpyHMY aAuule Ha 00UHUUH 3HAYEHHS
(pH 8id 5,0 do 6,0) cnpuse nidsuujeHHo ypoxcaliHocmi 0o 50 %.

B 0aHomy 0ocnidreHHi 3arponoHo8aHo meopemuKo-memoOduYHi Nidxoou 0o po3pobKu pobo4ux
npoeKkmis 3emaeycmporo uj000 3axucmy 3emerb 8i0 3aKUCEHHA (8AMHYBAHHA KUC/IUX rpyHMIs).

Kntouosi cniosa: sarHys8aHHA rpyHmis, pobo4uli npoeKkm 3emaeycmporo, KUcsi rpyHmu, 3aKuc-
f1IeHHA, MeniopaHmu.
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