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Aim. To study acid-base buffering capacity depending on the intensity of different fertilization systems, including lim-
ing, with different doses of CaCO, in a long-term (55 years) stationary experiment on Albic Stagnic Luvisol (light grey
forest surface-gleyed soil). This study should serve as a basis for the restoration and protection of fertility and yield
and preservation of ecological restorative functions of this soil type. Methods. Field stationary experiment, using
monitoring, laboratory-analytical and statistical-mathematical methods. Results. It was found that after 35 years of a
seven-field crop rotation the exclusion of the intensive crops of sugar beet, potato and one winter wheat, in combina-
tion with low (2.5 time less) mineral fertilization levels, contributed to an increase in resistance to acidification over
the next 20 years from 5.53 to 7.48 points (using a 100-point scale) with a simultaneous increase in soil pH, ., from
3.77 to 4.12. Organo-mineral fertilization (NP K . + 10 t manure/ha of crop rotation area) and periodic application
of CaCO, by hydrolytic acidity (6.0 t/ha) and an optimal dose of lime (2.5 t/ha CaCO,) increased pH buffering over
these 20 years in a four-field rotation. The general evaluation index of buffering was 21.8-21.9 points, exceeding
the virgin soil by 1.9 to 2 points. In the control variants without the use of fertilizers the general evaluation index of
buffering was 14.3 + 0.3, and the coefficient of buffer asymmetry was the highest — 0.646 = 0.013, which under these
conditions indicated the danger of soil losing its ability for self-regulation and self-healing. Conclusions. The resis-
tance of Albic Stagnic Luvisol to acidification increased most in the combined application of NP K and 10 t/ha
manure, together with an optimum calculated dose of lime in a 4-year crop rotation. An optimal dose of CaCO, (2.5
t/ha) and organo-mineral fertilizing system in a 4-year crop rotation improved the soil buffering capacity of the acid
shoulder by 2.45 points compared to the mineral fertilization system. To support a determination of acid-buffering
effects graphic charts representing pH buffering capacity proved to be useful and could be instrumental in diagnostics
and optimization of the acid-base regime for acid forest soils in general.
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INTRODUCTION scientists to pay more attention to the ecological qual-

Global climate change, the decrease in the biodiver- ity of soil (Gelybo et al, 2018; Rocci et al, 2021). For a

sity potential and water and air pollution are forcing long time, the soil has been Yiewed in Ukrainian society
solely in terms of consumption purposes, as a means of

* Research adviser — Prof. R. S. Truskavetsky, Doctor of  producing food, usually neglecting its ecological func-
Agricultural Science tions and services. However, it is the ecological quality
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of soil that is a relevant index of stable regulation of
nature management processes (Hamkalo, 2008).

The current state of Ukraine’s soil resources demon-
strates the environmentally risky nature of arable soil us-
age and the unacceptable scale of soil degradation, which
threatens the livelihoods of future generations (Lykho-
chvor et al, 2022). The preservation of the genetic pool
of the biosphere and the prevention of environmental
risks is possible only through systematic systemic man-
agement of soil fertility with an obligatory application of
innovative methods for proper diagnostics and optimiza-
tion of all the fertility factors (Truskavetsky, 2021).

A considerable part of the soil cover structure in
Ukraine, about 2.3 million ha, is represented by light
grey (Albic Luvisol) and grey forest soil (Haplic Lu-
visol) (Polupan et al, 2005). Similar soil types are also
common elsewhere in Europe (Toth et al, 2008).

The buffering capacity of soil is the ability of the soil
to preserve its genetically inherent or artificially cre-
ated potentials of fertility elements and to inhibit, and/
or in some way, resist external factors, directed at the
change in these potentials (Nadtochiy et Trembitsky,
2003; Truskavetsky, 2003).

The level of soil cultivation is primarily determined
by the reliability and efficiency of the buffering mecha-
nism functioning. The basis of soil buffering properties
is the dynamic balance of chemical reactions and the
processes of transformation of soil formation products
which occur between the soil solution, the gas phase
and microbiome, on one hand, and the organo-mineral
matrix — on the other (Zheng et al, 2022).

Gradually soils lose their ecological functions if the
external stress on the soil cover exceeds the relevant
threshold of the buffering capacity, inherent to each
specific soil type (Truskavetsky, 2003).

When soil is degrading, usually the buffering capac-
ity of the soil also degrades, weakening the ecological
functions and services of soil, and its resistance to un-
favourable factors reflected in the performance of the
crops in the end (Lal, 1997).

Recent changes in climate towards warming and lon-
ger dry seasons have shifted the acid-base balance of
soils to some degree (Polovyy et al, 2022). Moreover,
the acid-base balance, genetically inherent to soils, is
disrupted by agricultural activities such as the intro-
duction of fertilizers and ameliorants and the type of
crop rotation (Smaga et al, 2017). Recent uncontrolled
intensification of agriculture accelerated the acidifica-
tion of soils, mainly related to acid precipitation, the
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excessive introduction of nitrogen, physiological acid
mineral fertilizers, and a considerable removal of cal-
cium by crops (Liu et al, 2005; Zhu et al, 2018).

Buffering parameters are integral indices of the bal-
ance between chemical components of the soil them-
selves as well as between them and fertilizers and
ameliorants (Ozhovan et Mikhaylyuk, 2019). Essen-
tially acid-base buffering capacity is a dynamic index,
characterizing the ability of soil to resist the changes
in pH and to restore previous genetically inherent pH
values (Nadtochiy et Trembitsky, 2003; Ng et al, 2022).
Graphic models could help establish which agro-tech-
nical actions are necessary to maintain or enhance soil
buffering capacity (Barouchas et al, 2013).

Liming is the most common measure to improve
the acid-base properties and fertility of acidic soils
(Nduwumuremyi, 2013; Zaryshniak et al, 2018; Li et
al, 2019). The problem of determining the lime rate
for each soil type has been widely studied, resulting
in numerous methods for determining it (Barouchas
et al, 2013; Godsey et al, 2007; Kissel et al, 2012).
In Ukraine in the practice of chemical reclamation of
acidic soils, the main criterion for determining the rate
of lime application is still the hydrolytic acidity (Ha),
though it usually leads to the application of excessive
doses of lime (Baliuk et Truskavetskyi, 2018). This
conventional system of cultivating acid soils and in-
creasing their pH based on liming with CaCO, is unfor-
tunately accompanied by a considerable washing-out
of calcium, excessive mineralization, and emission of
CO,. This creates serious environmental problems, pol-
luting the underground waters and increases the emis-
sion of carbon dioxide, thus increasing the concentra-
tion of greenhouse gases and air temperature (West et
McBride, 2005; Goulding, 2016; Olego et al, 2021).

Thus, it is necessary to change the methodological ap-
proach to the evaluation of soil acidification, in particu-
lar, its ecologic role and increase the focus on the bufter-
ing properties of soil. Under these conditions, the study
of the impact of agrotechnical factors on the buffering
ability of soil becomes especially urgent and promising.

Currently, in cooperation with National Scientific Cen-
tre (NSC)’s Institute for Soil Science and Agrochemistry,
named after O.N. Sokolovsky at Kharkiv, we have been
researching in more depth and detail the possibilities and
effects of liming on the fertility and acid-base buffering
capacity of acid Albic Stagnic Luvisol in the Carpathian
region (Olifir et al, 2020 and 2021).

Timely correction of the norms of differentiating
agrotechnological measures requires permanent agro-
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ecological monitoring, which can be achieved by long-
term stationary field studies (Grahmann et al, 2022).
Although the effect of liming on acid Stagnic Luvisol
has been studied before (Mazur, 2008; Tkachenko et al,
2020), this was not done for the Carpathian region and
under such long-term agricultural land use and man-
agement. Therefore, the objectives of the present study
were to: (i) study the acid-base buffering capacity de-
pending on the intensity of different fertilization sys-
tems, including liming with different doses of CaCO,,
and (ii) facilitate the detection methods in use for de-
termining the buffering status of our soil. This in the
context of a long-term experiment (55 years), which
could serve as a basis to improve the agroecological
state, restoration and protection of fertility, preserva-
tion of ecological restorative functions and obtaining
high performance of Albic Stagnic Luvisol.

MATERIALS AND METHODS

A long-term stationary experiment on the effects
of agricultural activities on the acid-base buffer-
ing capacity of Luvisols is performed by the Insti-
tute of Agri-culture of the Carpathian Region, of the
National Academy of Agrarian Sciences (NAAS).
It was launched in 1965 on 3 ha in the municipal-
ity of Obroshyne in Lviv region, where in a 7-field
rotation with potatoes — spring barley with addi-
tional sowing of meadow clover — meadow clo-
ver — winter wheat — sugar beets — corn for sila-
ge — winter wheat different doses and ratios of min-
eral fertilizers, manure, and lime are applied in com-
bination with different methods of ploughing and oth-

er field operations (Zaryshniak et al, 2016). After 35
years and a number of 7-field rotations (up to rotation
VI, 2000), the scheme was reduced to 4 crops, exclud-
ing potato, sugar beet and one winter wheat crop, to
relax the stress on the soil (Table 1). The presented
results of the research are based on data on the dy-
namics in the change of pH-buffering and the index of
pH,, in the variants of different fertilization and lim-
ing systems after 35 years (1999, end of rotation V)
and 55 years (2019, end of rotation X) of their usage.

The stationary experiment is located on three fields,
each including 18 variants in three repeats. The total
area of a plot is 168 m?, and the registration area is
100 m? The four-field crop rotation has the following
sequence of crops: corn for silage — spring barley with
the additional sowing of meadow clover — meadow clo-
ver — winter wheat. The agrotechnology of crop and
soil cultivation, and field treatment is common for the
Western Forest-Steppe (Zubets, 2010).

The agrotechnical characteristics of the arable layer
of Albic Stagnic Luvisol (World Reference Base for
Soil Resources, 2015), before launching the experi-
ment in 1965, were as follows: humus content (ac-
cording to Tyurin, 1937) — 1.42 %, pH,, ((potentio-
metric method) — 4.2, hydrolytic acidity (according to
Kappen, 1929) — 4.5 cmol.kg™!, exchangeable acidity
(by Sokolov, 1939) — 0.6 cmol.kg™, the content of ex-
changeable aluminium (according to Sokolov, 1939) —
60.0 mg.kg!, available phosphorus (according to Kir-
sanov, 1931) and exchangeable potassium (according
to Maslova, 1935) — 36.0 and 50.0 mg.kg™! of soil re-
spectively.

Table 1. The scheme of variants in a 4-year crop rotation of a field stationary experiment, 2016-2019 (rotation X), located at

Obroshyne municipality

Per ha of crop rotation area .
Spring Mea-
Va- Type NPK. k Corn barley + dow Winter
riant | of fertilization Lime Manu- K8 for silage meadow wheat
of active clover
dosage re, t clover
substance
1 | No fertilizers, no 0 0 0 0 0 0 0
liming (control)
7 | Organic-mineral By hydrolytic 10 NP K. | Manure, 40 tha+ | N, P, K. 0 NP, K,
with liming acidity (6.0 t/ha) TN ,oPoKeo
8 | Organic-mineral | Optimal by acid- 10 N PK. | Manure, 40 tha+ | N, P K 0 NP, Ky,
with liming base buffering TN L,oPoKe,
(2.5 t/ha)
15 | Mineral only, no 0 0 NP K, N 50Po0Koo NP, Ky, 0 NPy Ky,
liming
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Half-decayed cattle manure (over 6 months old) in
straw, ammonium-nitrophosphate (ANP) fertilizer (NPK,
16 %), were used in the experiment. When ANP fertil-
izer was used, NPK content was balanced with simple
fertilizers: ammonia nitrate, granulated superphos-
phate, and potassium chloride, according to the fertil-
izer rates. The 40 t/ha of manure was added at once
before corn, which is 10 t per ha of crop rotation area.
Phosphate-potassium fertilizer was introduced in au-
tumn and nitrogen fertilizer — prior to pre-sowing har-
rowing. The liming of the upper 0-20 cm layer was
done in 2012 (before the beginning of crop rotation
1X). At the same time, the doses of the introduced fer-
tilizers were adjusted to the relevant crops. Limestone
powder obtained from Additional Liability Company
Pustomyty plant management of lime plants was used
as calciferous material (93.5 % CaCO,). The dose of
lime by hydrolytic acidity (Ha) was calculated accord-
ing to the formula DCaCO3 = 1.5 x Ha (tha™). Starting
from 2008 (crop rotation VIII), the second mowing of
meadow clover was ploughed in as an organic fertilizer
in all the experiment variants.

The acid-base buffering was determined in the fol-
lowing variants (Table 1):

a) Negative control (no fertilizers, no liming, variant 1)

b) Organic-mineral fertilization (10 t/ha of cattle ma-
nure per crop rotation area + NP K ) with periodic
liming with CaCO, by Ha (6.0 t/ha of limestone pow-
der, var. 7)

c¢) Organic-mineral fertilization with an optimal dose
of lime, calculated as per acid-base buffering (2.5 t/ha,
var. 8)

P_K

d) Mineral fertilization only, without liming (NP K .,

var. 15).

Soil samples for the determination of exchangeable
acidity were selected, after collecting the harvest of
winter wheat, from the arable layer of Albic Stagnic
Luvisol (0-20 cm). Per treatment 9 composite soil sam-
ples were collected according to a zig-zag sampling
pattern with an auger, each sample weighed approxi-
mately 1 kg). The pH, ., was determined using the po-
tentiometric method according to at the ratio between
soil and the solution of 1 : 2.5 in the salt extract of 1
mol/l KCl solution at 20 °C.

The acid-base buffering of soil was determined by
the potentiometric (titration) method according to the
method described in (Truskavetsky, 2003). For this
purpose, a series of 5 soil samples per experimental
plot, 5 g each, was taken and dried, crushed and sieved
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through a 1 mm sieve to which the following solutions
were added: 0.1 mol/l HCI (5.0; 4.0; 3.0; 2.0; 1.0; 0 ml,
respectively) and 0.03 mol/l Ca(OH), (0; 4.0; 8.0; 12.0;
16.0; 20.0 ml). Distilled water was used to bring the
volume to 50.0 ml, the solution was shaken on a rotary
shaker for one hour at 60 rpm at room temperature, and
pH was measured potentiometrically in the filtrate. For
comparative evaluation of the buffering capacity of the
soil, pure silica sand with an average particle size of
250 um was used as a non-buffered substrate, while
building the “zero” standard curve. Buffering curves
were built based on the obtained data, using the spe-
cialized program “Buff-pH” (developed at NSC’s In-
stitute for Soil Science and Agrochemistry, named after
O.N. Sokolovsky) by calculating the following buffer-
ing indices:

a) Buffering area (in the acid and base intervals) — ar-
eas between the zero standard curve and soil buffering
curve (A'BG (S,) and A'DH (8,) in Figure)

b) Buffering capacity (in points, out of 100):

S, 100  acid— B, = Sa;00 :

tot tot

base — 3, =

where S, =S +S,
c) Coefficient of buffering asymmetry (CBA):

Bb_Ba .
B+ B
d) General evaluation index of buffering (GEIB):
GEIB = (B, + B) * (1 - CBA).
A similar series of control soil samples were taken
from virgin soil, and their pH-buffering capacity was
studied as well.

CBA =

The statistical processing of results was done us-
ing one-way ANOVA on OriginPro 2019b (OriginLab
Corporation, USA, https://www.originlab.com/2019b).
Post-hoc analysis was performed using the Tukey HSD
test. The differences between the samples were deemed
statistically significant at p < 0.05. The data in the ta-
bles are presented as the arithmetic mean with standard
deviation (x + SD).

RESULTS

Data presented in Table 2 and graphs in Figure, a—d
on pH-buffering of acid Albic Stagnic Luvisol of dif-
ferent cultivated variants demonstrate that soil has a
high buffering capacity under alkaline conditions and
low buffering capacity under acid conditions.

The study of the acid-base buffering capacity of the
control variants without fertilizers and under different
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Hcl 0.1 n, meq/100 g

D
Hcl 0.1 n, meq/100 g Ca(OH)2 0.03 n, meq/100

D
Hcl 0.1 n, meq/100 g Ca(OH)2 0.03 n, meq/100

—12 -8 —4 0 4 8
c

12-12 -8 —4 0 4 8 12

d

1 — the curve of “zero” pH buffering (sand) 2 — the curve of pH buffering of soil

Graph representing pH buffering of Albic Stagnic Luvisol under a — control without fertilizers (var. 1, Table 1, end of
rotation X, red line); b — organo-mineral fertilization system with the introduction of CaCO, by Ha (var. 7, Table 1, end
of rotation X, red line); ¢ — organo-mineral fertilization system against the introduction of the optimal dose of CaCO, by
pH buffering (var. 8, Table 1, end of rotation X, red line); d — long-term use of the mineral fertilization system (var. 15,
Table 1, end of rotation X, red line) compared to pH buffering in the sand (“zero” standard curve, blue line). ABC and
ADE - the area which characterizes the alkali and acid standard buffering capacities, respectively; A'BG — the area which
characterizes the alkali buffering capacity of Albic Stagnic Luvisol; A'DH — the area which characterizes the acid buffer-

ing capacity of Albic Stagnic Luvisol

fertilizer systems after 55 years of soil cultivation (2019,
end of rotation X) showed that the buffering capacity of
the acid shoulder in control was 7.15 points and that of
the alkali shoulder, — 33.22 points. The general evalua-
tion index of buffering (GEIB) was 14.3 points (Table
2, Figure, a). Mineral fertilization only minimally and
insignificantly changed the GEIB (Table 2, Figure, d).

Positive changes in pH buffering capacity were
primarily due to the change in crop rotation (ex-
clusion of potato, sugar beet and one winter wheat)
and optimal fertilization levels. It led to an increa-

22

se of pH from 3.8-4.0 to 4.2-4.3 in control wi-
thout fertilization and with fertilization, respectively, at
a high level and an increase of GEIB of var. 7 (Table 2).

In the control variant (var. 1) and the variant with the
mineral fertilization only (var. 15) the coefficients of
buffering capacity are the highest, amounting to 0.646—
0.596 respectively (Table 2). It is a sign that the soil un-
der these conditions is at risk of losing the mechanisms
of self-regulation and self-restoration.

There were considerable changes in physical-che-
mical properties which had a significant impact
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Table 2. The indices of acid-base buffering of acid Albic Stagnic Luvisol as determined under different agricultural manage-
ment and fertilization/liming conditions over a period of 55 years (2019, end of rotation X), n=5

Buffering capacity, points Coefficient Genergl
No of | Fertilization per 1 ha of crop rotation (out of 100) of buffering e;/sé:iti)ofn
v e alkali acid asggl};n,f)try buffering
(GEIB), points
1 Control (no fertilizers) 33.22+1.97° 7.15+0.14° 0.646 £0.013 14.3 +0.3°
7 | NP K + manure 10 t/ha + CaCO, 29.96 £ 0.88* 10.92 £ 0.51° 0.466 £ 0.01° 21.8+£1.0°
1.0 nby Ha
8 NP K, + manure 10 t/ha + CaCO, 32.66 £ 1.37° 10.93£0.79* | 0.498 +0.042% 21.9+1.6°
optim. by acid-base buffering
15 | NP K. 29.54 £ 1.51° 7.48+£0.36* | 0.596 +0.008* 15.0 £ 0.7
Virgin Albic Stagnic Luvisol 28.7+1.7° 84+0.21¢ 0.55+0.03° 16.9 £ 0.4¢

Note. Variables which have at least one similar letter within a column do not differ significantly.

on the formation of the nutrition regime of Albic
Stagnic Luvisol: the content of exchangeable alu-
minium compounds decreased down to 59.9-75.0
mg/kg of soil in the variants of control and the min-
eral fertilization system after 55 years of cultiva-
tion (2019) compared to 92.3—-132.2 mg/kg of soil
after the completion of the seven-field crop rota-
tion (rotation V,1999, after 35 years of ploughing
and cultivation). The sum of the absorbed bases in-
creased in 2019 up to 3.27-2.01 compared to 2.7—
2.2 cmol.kg™ of soil in 1999, and the hydrolytic
acidity decreased down to 4.48-4.69 compared to

a corresponding 5.20-6.43 cmol.kg™! soil at the end
of rotation V (1999).

In the variants with identical organic-mineral fer-
tilization systems of NP K . + 10 t of manure on ha
of crop rotation area with the periodic introduction
of CaCO, by Ha for 20 years (6.0 t/ha, var. 7) and
the optimal dose of CaCO, by pH buffering capacity
(2.5 t/ha, var. 8) the general evaluation index of buff-
ering was insignificantly different. By 2019 (end X
rotation X), indices are 21.8-21.9 points and exceed

the virgin analogue by 1.9 to 2 points (Figure, b, c¢).

Table 3. The change in the physical-chemical properties of Albic Stagnic Luvisol from 1999 to 2019, n =9

Hydrolytic acidity The sum of Exc?hjclngeable
PH (Ha) absorbed bases alumlronfusn(:iing/kg
No Fertilization of 1 ha of the
of crop rotation area 1999 2019 1999 2019 1999 2019 1999 2019
var. (end of | (end of | (endof | (endof | (end of | (endof | (endof | (end of
rotation | rotation | rotation | rotation | rotation | rotation | rotation | rotation
V) X) V) X) V) X) V) X)
1 | Control (no fertilizers) 414+ | 430+ | 520+ | 448+ | 270+ | 3.27+ 923+ 599+
+0.14* | £0.18 | £1.31* | £0.55* | £0.61* | £047* | £38.7° +1.4°
NP K+ manure 10ttha+ | 542+ | 538+ | 240+ | 228+ | 7.07+ | 820+ 32+ 4.6 +
+CaCO, by Ha +0.26° | £0.22% | £0.72°% | £0.44* | £0.31° | £1.06° | +2.4° +2.3°
15 | NPiKg +manure 10 tha+ | 530+ | 503+ | 267+ | 3.13+ | 680+ | 557+ 3.7+ 6.8+
+CaCO, optim. by acid-base | £0.43° | £0.15° | £0.85° | £0.69* | £0.69° | £0.57¢ | £29° +2.6°
buffering
NP K 377+ | 412+ | 643+ | 469+ | 220+ | 201+ 1322+ 72.6 +
+0.06* | £0.11* | £1.42* | £0.58* | £0.20* | £0.20* | +£32.2° +5.2¢

Note. The variables which have at least one similar letter within a column of the Table do not differ significantly.

AGRICULTURAL SCIENCE AND PRACTICE Vol.9 No.3 2022
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There is only an insignificant difference between the
physical-chemical properties of the mentioned vari-
ants (Table 3).

The results obtained in the long-term stationary ex-
periment on Albic Stagnic Luvisol, with the initial pH
4.3, demonstrate that the use of the organo-mineral
fertilization system with the introduction of N P K
and 10 t/ha manure in a four-field crop rotation with
liming (with the lime dose, calculated by pH buffer-
ing) decreased the content of exchangeable aluminium
compounds and the hydrolytic acidity by the end of ro-
tation X (2019), and promoted the increase in the sum
of absorbed bases and acid-base buffering at pH 5.0 in
general (Table 3).

DISCUSSION

Due to current notable climate changes, the problem
of efficient and environmentally friendly use of acid
soils has become much more acute. The solution to this
issue lies in the development and application of inno-
vative agricultural measures which would promote the
balanced use of acid soils (Wang et al, 2021). In gen-
eral, soils with low anti-acid buffering capacity may
be quickly acidified, which decreases the number of
gleyed minerals and cation exchange capacity and, as a
result, impacts soil fertility (Wei et al, 2022; Curtin and
Trolove, 2013).

Our study, demonstrated that a dose of lime, calcu-
lated by acid-base buffering capacity (2.5 t/ha CaCO,),
introduced before the beginning of each four-field rota-
tion, is the most optimal under organic-mineral fertil-
ization, It excludes negative consequences of modern
agrotechnical management and is a prerequisite of en-
vironmental stability of the agroecosystem. In our pres-
ent and previous studies, it was in the control variants
and those of mineral fertilization systems only, that we
observed the highest losses of carbon dioxide, espe-
cially after the soil tillage in spring and autumn (Olifir
et al, 2020).

This is why accurate determination of the pH buffer-
ing capacity of soil in agriculture systems is important
for the evaluation of the need for lime and forecasting
the rate of soil acidification (Wang et al, 2015; Wong et
al, 2013). The effect of soil liming can be long-lasting
or unstable. In the absence of periodic liming, the acid-
ity returns to its original state, i.e., the effect of re-acid-
ification (Hamkalo, 2008).

Wei et al, 2022 determined that several processes
promote the increase in the acid buffering ability of
soil in different pH ranges, and the global analysis of

24

data demonstrated that a pH value of 5.5 may be a key
threshold value; different buffering systems are active
under pH > 5.5 and pH < 5.5. Also according to Gould-
ing and Blake (1998), different buffering processes in
soils occur in this order: 1) dissolution of carbonates
and other base minerals; 2) replacement of exchange
base cations by H* and AI’* in the exchange complex;
3) dissolution of Al, which is followed by the dissolu-
tion of iron-containing minerals. In the same order as
given above, these processes tend to buffer soil pH at
about 7.0, 6.0-5.0 and 4.0-3.0. Therefore, in the soils
of the control variant and mineral fertiliser at pH <
4.5, the content of exchangeable aluminium increases
sharply, unlike in other variants.

After 35 years in a seven-field crop rotation system,
Albic Stagnic Luvisol without fertilizers had pH 4.1,
the content of mobile aluminium compounds increased
to 92.0 mg/kg of soil, and the sum of absorbed bases
was 2.70 cmol.kg™! of soil. It had a lower buffering ca-
pacity than the virgin analogue. In the variant of apply-
ing a double dose of mineral fertilisers for 35 years in
an intensive seven-field crop rotation, the buffer capac-
ity of the acid shoulder significantly decreased not only
compared to the virgin soil but also compared to the
control. This indicates a significant loss of soil resis-
tance to acid exposure and the emergence of environ-
mental risks, accompanied by a loss of self-regulation
mechanisms. Under such conditions, sugar beet died at
the first stages of growth and development, while crops
of meadow clover and spring barley produced yields
below those of the control (Truskavetsky et al, 2005).

In soils with a pH between 4.5 and 6.0 soil organic
matter (SOM) also plays an important role in soil pH
buffering (Aitken et al, 1990; Yang, 2022). Change in
crop rotation (exclusion of potato, sugar beet and win-
ter wheat) and optimal fertilization levels influenced
soil organic matter. resulted in a considerable improve-
ment in the humus state of the Albic Stagnic Luvisol,
due primarily to a decrease in the number of “aggres-
sive” fulvic acids.

In the previous studies of the humus state after five
seven-field crop rotations (in 1999) in the variants of
control and mineral fertilization, the ratio of C,,:C,,
was 0.48 and 0.41, respectively. The content of “ag-
gressive” fulvic acids increased up to 15 % in the hu-
mus of the control without fertilizers and 13.4 % in the
variant of intense mineral fertilization (Habriel et al,
2006). After the completion of rotation X (2019), the
ratio of C,, : C_, in control increased up to 0.59, and
in the variant with mineral fertilization up to 0.62. The
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content of aggressive fulvic acids decreased down to
8.0-7.5 % (Snitynsky et al, 2014). Bergelin et al, 2000
have also shown that low molecular weight organic ac-
ids play a more important role in pH buffering than the
mass of dissolved organic carbon.

Yang et al (2020) developed a model of surface com-
plex formation, which was used for further evaluation
(illustration) of acid-base buffering properties of soils,
assuming that the buffering system is a process of
protonation-deprotonation. The constants of complex
formation on the surface may be used for the quanti-
tative evaluation of the acid-base process of buffering
and accurate forecasting of the potential needs in lime
for acid soils.

One of the important targets to counteract effects of
global climate change is to try to create a higher buffer-
ing capacity for poor (acid) soils (Truskavetsky, 2021).
Further research on the nature of buffering mecha-
nisms, and the functional stability of soil fertility is im-
portant. Therefore, further studies of our Institute will
be aimed at more fully understanding the processes that
determine soil acidity and the role of Al, Fe, and Mn in
the formation of acidity and acid-base buffering capac-
ity.Moreover, the mechanisms of stability of alumin-
ium toxicity, content, forms, quantitative ratio of iron
and manganese compounds, their interdependence and
connection with redox potential will be investigated.

In any case, understanding the above-mentioned pro-
cesses, including the functioning of the various redox-
systems, requires their analysis in space and time.This can
only be realised in long-term experiments, one of which
is thestationary experiment at our Institute with different
doses and ratios of mineral fertilisers, manure and lime.

CONCLUSIONS

It was established that the addition of calcium-con-
taining substances to Albic Stagnic Luvisol together
with a balanced organic-mineral fertilization system is
an important condition to improve the soil resistance to
external influences and to provide an optimal soil pH
buffering system. The resistance of Albic Stagnic Luvi-
sol to acidification increased most in combination with
the application of NP K ., 10 t/ha manure and an op-
timum calculated dose of lime in a 4-year crop rota-
tion. Moreover, the buffer capacity of an acid shoulder
increased up to 10.93 points against the corresponding
indices of 7.15 in the control and 7.48 points under the
mineral fertilization system.

Thus, modelling pH buffering capacity in graphs
proved to be useful in the determination of acid-buff-
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ering effects and could be instrumental in diagnostics
and optimization of the acid-base regime for acid for-
est soils in general. Our graphic model could assist in
achieving economic rationalization of fertilization re-
sources and ameliorants, and in improving the agroeco-
logical state, and ecologic services of acid soils.
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Mogaeab KHCI0THO-0CHOBHOI Oy(epHOCTI
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Merta. JlocniauTa B yMOBaX TPUBAJIOIO CTAIliOHAPHOTO IOC-
nigy (55 pokiB) arporeHHy 3MiHY KHCIOTHO-OCHOBHOI Oy-
(bepHOCTI SICHO-CIpPOTO JIICOBOTO TPYHTY 3aJISKHO BiJI iHTCH-
CHBHOCTI BIUIMBY CHCTeM yHOOpeHHS Ha (oHI BamHyBaHHS
pisamvu nozamu CaCoO,. Ile mocmyuTh OCHOBOIO TIOKpa-
IIEHHSI arpoeKOJIOTIYHOTO CTaHy, BIATBOPEHHS Ta OXOPO-
HU POAIOYOCTi, 30epekeHHS EKOJOTOBIATBOPHHUX (DYHKIIN
1 OTpUMaHHS BHCOKOI MPOAYKTUBHOCTI SICHO-CIPHX JiCOBHX
rpyHTiB. MeTtoau. IlompoBuii cTamliOHApHUHA JOCTIM, iHCTPY-
MEHTAJIFHUM MOHITOPHUHT, Ja00paTOpHO-aHATITHYHHUH, CTa-
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TUCTHUYHO-MaTeMaTuuHuil. Pesynabraru. BeranosneHo, mo
micist 35 poKiB I ATHPIYHOT CEMUTUTLHOI CIBOBMIHU BHKITIO-
YEHHS IHTEHCHBHHX KYJIBTYp I[YKPOBUX OypsKiB, KapTOILIi
Ta OJHIET 03MMOI MNIICHWIl Yy TMOEJHAHHI 3 BHECEHHSM Yy
2,5 pa3u MCEHIIOI /103U MiHEpaJIbHOTO YJOOpEHHS CIIPUSIIO
MIBUIICHHIO CTIKOCTI 10 TWIJKHUCICHHS BIPOJOBXK HAC-
TynmauX 20 pokiB 3 5,53 mo 7,48 Gama (3a 100-GampHOIO
IIKAJIOK0) 3 OJHOYACHWM 3pocTanusam pH, ., rpynty 3 3,77
no 4,12. Oprano-minepanbue ynobpenns (N P K. + 10 T
THOIO Ha | Ta CIBO3MIHHOI IUIOINI) Ta MEPIOTUYHE BHE-
cennss CaCO, 3a rifpomiTHaHO0 KHCIOTHICTIO (6,0 T/ra)
i onruManbHoi nosu Bamma (2,5 1/ra CaCO,) cnpusiu
migsumeHao Oydeprocti pH 3a mi 20 pokiB y 9oTHpH-
MUTBHIA CiBO3MIiHI. 3arajJpHUN OLIHOYHMI TOKA3HHUK Oydep-
HOCTI cTaHoBUB 21,8-21,9 Oana, 1m0 nepeBHINyBalIO IO-
Ka3HUK LIUMHE Ha 1,9-2 Oamu. Y KOHTpOJBHUX BapiaH-
Tax 0e3 3acTOCyBaHHS JIOOpWB 3arajlbHUH TOKa3HHUK Oy-
¢deprocti cranoBuB 14,3 + 0,3, a koedimieHT acumeTpil
Oydeprocti OyB HaiBummM — 0,646 £ 0,013, mo 3a 1ux
YMOB CBITYHTH MPO HEOE3MeKy BTPATH I'PYHTOM 3aTHOCTI
JI0 caMoperyJisiiii Ta camoBinHOBICHHS. BucHoBku. Criii-
KICTh SICHO-CIPOTO JIICOBOTO IPYHTY JO MiJAKHCICHHS Haii-
Oibiue 3pocrana y noeananHi suecenns N P K., 10 1/ra
THOKIO Ta ONTHUMAJBHOI PO3PaxyHKOBOI J03M BalHa Y
4-piuniii ciBosmini. Onrumanena moza CaCO, (2,5 1/ra)
Ta OpraHo-MiHepajdbHa CHCTeMa YIOOpPeHHS B 4-TUTBHIN
CIBO3MiHI MOKpalnuia Oy(pepHiCTb IPYHTY KHUCIOTHOTO Ilie-
ya Ha 2,45 Oana MOpPIBHSHO 3 MIHEPAIBHOIO CHUCTEMOIO
ynoOpennst. Jlist BH3HA4YEeHHS KHCIOTHO-OydepHHX edek-
TiB KOPUCHUMH BUSIBIUTUCS TpadiuHi Iiarpamu, siki Bimo-
Opaxatots OydepHicTsh pH 1 MOXYTh OyTH KOPUCHUMH IS
JIarHOCTUKY Ta ONTHMIi3amii KHCIOTHO-OCHOBHOTO PEKUMY
KHCJIUX JIICOBUX I'PYHTIB 3arajioM.

KarouoBi cjioBa: BarmHyBaHHS, KOPOTKOpOTAIliifHa CiBO3Mi-
Ha, KACIIOTHO-OCHOBHA Oy(depHicTh, OyepHa eMHICTB, Tpa-
¢biuni mozgeni pH-OydepHocTi.
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