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Introduction

Abstract

Albic Luvisol occupy large areas in Ukraine, have low natural fertility and high acidity. Effective use
of such soils is possible in the agricultural system only after improving their fertility. This involves
constant management of reclamation and technological measures in accordance with the long-
term dynamics of soil processes. A long-term experiment was started in 1965 with different rates
and ratios of mineral, and organic fertilizers as well as lime. The purpose of the study is to establish
the influence of systematic application of different fertilization schemes and periodic liming on the
change in the structural-aggregate composition and physico-chemical properties of Albic Stagnic
Luvisol under different crop rotations. Studies have shown that the long-term use of different ferti-
lization systems and periodic liming on Albic Stagnic Luvisol both in the 4th and 9th crop rotation
caused a significant predominance of very fine (VF — 0.25-1.0 mm) soil aggregates over coarse ones
(CO - 5-10 mm). Under the combined organo-mineral system of fertilization and periodic liming
of 1.0 n CaCO, (according to hydrolytic acidity), at the end of the 9th crop rotation, the content
of large components is almost eight times higher than the content of very fine and medium ones
(VM - 0.25-3.0 mm). The content 0.25-1.0 mm fraction along the profile increases significantly with
increasing of depth in the control (without fertilizers) and with only mineral fertilization. This indi-
cates deterioration of the waterproofing of the soil profile. Research results showed that the trans-
formation of forest ecosystems into agricultural ecosystems improved the acid-base properties of
Albic Stagnic Luvisol. The reaction of the soil became slightly acidic (pH 5.18-5.51) with the average
multi-year application of a single norm of mineral fertilizers (NP K), the norm of 10 t ha™* of
cow manure against the background of the norm of 1.0 n CaCO, pH, .. Hydrolytic acidity, beside the
control, ranges from low to medium with maximum values in the middle part of the soil profile. We
investigated the accumulation of humus only in the upper layers of the soil in the control and on
various fertilization systems. The lower horizons contain less than 1% humus.

cal measures in response to climate change, soil processes, re-
gimes, and the physiological needs of plants. This approach will

Albic Stagnic Luvisols occupy a large area in the western
part of Ukraine. They are characterised by low natural fertility
and high acidity of the soil solution. Efficient use of such soils in
the farming system is only possible by improving their fertility.
Unbalanced intensive and technogenic soil management practic-
es may result in irreversible soil fertility losses and degradation.
Therefore, the spontaneous processes of transformational soil
development and formation of soil fertility should be countered
by a scientifically based system of managing these processes.
This entails continuously adjusting reclamation and technologi-

help counteract spontaneous processes of soil development and
fertility formation through a scientifically based system of soil
fertility management (Nosko, 2013; Truskavetskyi et al., 2020). To
solve this problem, it is important to comprehensively compare
the development of agrogenic-transformed and relatively natu-
ral soils, as well as to interpret data from previous studies (Rep-
siene and Karcauskiene, 2016; Truskavetskyi and Tsapko, 2016;
Volungevicius et al., 2016; Brezins$¢ak and Bogunovi¢, 2021).
One of the priority challenges for modern soil science is to
preserve the multifunctionality of soil ecosystems, thus contrib-
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uting to the optimization of crop nutrition (Volungevicius et al.
2018). Modern management of soil resources in agroecosystems
is characterized by a linear principle, while the processes occur-
ring in natural systems are characterized by cyclicity. Elimina-
tion of cyclicity by agrogenic factors disrupts the cyclical nature
of soil development. This causes problems in maintaining soil
fertility.

The range of studies related to agrogenic soil transforma-
tion is very wide (Novikova and Konyushkova, 2013; Masilionyté
and Maikdténiené, 2016; Povilaitis et al., 2018). However, these
studies focused primarily on changes in properties in the upper
humus horizons (0-30-45 cm). It was assumed that the changes
that occur at a depth of 100-150 cm are the result of long-term
(50 years or more) tillage (Veenstra and Burras, 2015). Others
have studied the effect of long-term mineral fertiliser on soil
structure, arguing that the structure of low humus gley soils is
more stable in acidic conditions, because its formation involves
not calcium but aluminium and iron oxides (Simansky and Jon-
czak, 2020). Still, others focused primarily on organic matter
changes in the context of global CO, sequestration and soil fertil-
ity (Kaiser and Kalbitz, 2012; Roychowdhury et al., 2013; Haddix
et al., 2016; Ovchinnikova, 2016). Some researchers have focused
on the study of individual morphological features in the profile
and related changes (Adewopo et al., 2014; §imansk§7 et al.,, 2016).

To assess the transformation of soil properties that occur in
agro-ecosystems, it is important to understand how much soil has
changed compared to the natural soil. Chendev et al. (2012) ap-
plied a similar approach in soil research, based on the example
of the historical development of forest landscapes. They noted
that long-term tillage in the first place greatly changed the mor-
phology of the soil and its chemical and physical properties. Bai
et al. (2013) also emphasize the importance of time duration.

Objective information about the state and changes of agro-
ecosystems and their components under the influence of vari-
ous anthropogenic loads can be obtained only in long-term sta-
tionary experiments.

Forest;;.SP1
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Our research aimed to establish the effect of long-term use
of various fertiliser systems and periodic liming on the change
of structural and aggregate composition and physicochemical
properties of Albic Stagnic Luvisol in such stationary experi-
ments.

2. Materials and methods
2.1. Field experiment

The research was performed on a long-term stationary ex-
periment established in 1965 (49°47°54.3” N 23°52°26.9” E) in the
Department of Agrochemistry and Soil Science of the Institute of
Agriculture of the Carpathian Region of the National Academy
of Agrarian Sciences of Ukraine (NAAS). The experiment is in-
cluded in the register of long-term stationary field experiments
of NAAS (NAAS registration certificate No. 29). The soil type of
the study site is classified according to WRB (2022) as Albic Stag-
nic Luvisol. The experiment has undergone five seven-field ro-
tations (potatoes — spring barley with red clover sowing — red
clover — winter wheat — sugar beets — corn for silage — winter
wheat) since its establishment (1965-2001). Currently, research
is conducted in a four-field crop rotation (corn for silage — spring
barley with red clover sowing - red clover — winter wheat).

Investigation of soil structure and its physicochemical prop-
erties was conducted at the end of the 4" (1986-1994) and 9™
(2012-2017) crop rotations under winter wheat. Three soil pits
were dug for each of the researched treatments in the 1% field
during the 9 crop rotation (Fig. 1). The field wasn’t specified in
the 4™ rotation (Voloshchuk et al., 1999).

2.2. Experimental design

The stationary experiment is placed on three fields, each
has 18 plots in triplicate, so three crops of crop rotation are

Fig. 1. Long-term experiment location (49°47°5” N 23°52°26” E) with soil
profiles.

Note. Control - absolute control without fertilisers, OM — organo-mineral
fertiliser system and M — mineral fertiliser system (Table 1); SP - soil
profile. Map data: Google, Maxar Technologies.
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grown simultaneously. The location of plots is single-tiered and
consistent. The total area of the plot is 168 m?, accounting area
is 100 m?2. Agricultural cultivation techniques, tillage, and crop
care are generally accepted for the conditions of the Western
Forest-Steppe zone of Ukraine.

In seven-field rotation the following experimental design
was used: C — absolute control without fertiliser (control), OM
— organo-mineral fertiliser system (10 t of manure on ha of
crop rotation area + N, P, K ) on the background of periodic
liming with 1.0 n CaCO, HA (6.0 t ha™* of limestone flour), and
M - mineral (N, P, K . ) fertiliser system. In four-field rotation
following treatments were applied: C — absolute control with-
out fertilisers (control), OM - organo-mineral fertiliser system
(10 t of manure on ha of crop rotation area + NP K.) on the
background of periodic liming with 1.0 n CaCO, HA (6.0 t ha*
of limestone flour) and M — mineral (NP K.) fertiliser system
(Table 1).

The experiment used semi-rotten cattle manure on straw
litter, ammonium nitrate (34.5%), granular superphosphate
(19.5%), potassium salt (40%), nitroammophos (NPK 16%) (when
using nitroammophos, NPK content was balanced according to
the levels of fertilisation with simple fertilisers). Manure in sev-
en-field rotation at the rate of 10 and 20 t ha of crop rotation
area was applied under potatoes and sugar beets, in four-field
— under corn. Phosphorus-potassium fertilisers were applied
in autumn, and nitrogen — by pre-sowing cultivation. Liming in
1st—5% rotations according to the experimental scheme in a sev-
en-field crop rotation was carried out under potatoes. In a four-
field rotation liming was carried out under corn for silage with
adjusted dose of fertiliser for crop rotation, without violating
the content of treatments. As limestone materials, we used lime-
stone flour (90% CaO0). Starting from the 8™ rotation (2008-2011),
the second mowing of red clover was ploughed as fertiliser in all
plots of the experiment.

Agrochemical characteristics of the arable layer of the soil
before experiment establishment are as follows: humus content
(according to Turin) 1.42%, pH,, 4.2, hydrolytic acidity (HA)
(according to Kappen) 4.5, exchangeable acidity (according
to Sokolov) — 0.6 cmol(+) kg of soil, the content of mobile alu-
minium 60.0, mobile phosphorus (according to Kirsanov) and
exchangeable potassium (according to Maslova) — 36.0 and 50.0
mg kg of soil, respectively. Soil texture in the upper layer is

Table 1
Characteristic of experimental treatments (4* and 9™ crop rotations)

Changes of properties of Ukrainian Albic Stagnic Luvisol

silt (sand fraction (¢ > 0.05 mm) content is 13.0-16.0%, the silt
(¢ 0.05-0.001 mm) content is 78.3-81.5% and the clay
(¢ <0.001 mm) content is 3.6-5.2%).

To compare the transformation of soil properties under
long-term anthropogenic impact to soil’s natural state, addi-
tional soil profiles were made under the canopy in the forest (F)
(49°47°53.4” N 23°52°36.7” E).

Soil classification was carried out according to the WRB
(2022) rules. The Guidelines for Soil Description (FAO, 2006)
were used for detailed morphological description and determi-
nation of soil particle size.

2.3. Experimental methods

Studies of the transformation of the structural and aggre-
gate composition of Albic Stagnic Luvisol top layer under differ-
ent systems of fertilisation and periodic liming were performed
by the sieve method in Savvinov modification (DSTU 4744-2007),
which consisted of two successive stages. In the first stage,
0.5-1.5 kg air-dried average soil sample is sifted through the 10,
7, 5,3, 2,1, 0.5, 0.25 mm sieves (dry sieving), resulting in soil
decomposition to macro-aggregates of different sizes. One frac-
tion of macro-aggregates is collected on each sieve. Macro-ag-
gregates content is calculated as a percentage of the soil sample
mass. In our case, for analysis were selected coarse 5-10 mm ag-
gregates (CO), and very fine to medium 0.25-3.0 mm aggregates
(VM) (FAO, 2006). In the second stage, all fractions of micro-
aggregates from soil dry sieving were soaked and again sifted
through sieves in water (wet sieving) to separate water-resist-
ant macro-aggregates of coarse 5-10 mm (CO) and very fine (VF)
0.25-1.0 mm faction (FAO, 2006).

For the determination of physicochemical properties of the
studied treatments, samples were taken from each genetic ho-
rizon and prepared for analysis following DSTU 4287: 2004 and
DSTU ISO 11464:2007. Soil pH,, was determined by the poten-
tiometric method in 1 M KCl (extraction ratio 1:2.5) according
to DSTU ISO 10390:2001. HA was measured by Kappen method
modified by CINAO (DSTU 7537:2014) using 1 M sodium acetate
solution adjusted to pH 8.2 in the ratio of 1:2.5. The suspen-
sions were shaken at room temperature for one hour and then
filtrated. The filtrates were titrated with 0.1 M NaOH solution
in presence of a phenolphthalein indicator. Mobile aluminium

Fertilizer system Crop rotation

Applied to 1 hectare of crop rotation area

rate of lime

rate of lime NPK, kg of the active

substance
C Without fertilizers (control) 4t gth 0 0 0
oM Organo-mineral with liming 4 1.0 norm according to hydrolytic 10 N, P, K,
acidity (6.0 t/ha)
s 1.0 norm according to hydrolytic 10 NP Koo
acidity (6.0 t/ha)
M Mineral 4 0 0 N, oP1eoKigo
gt 0 0 N,.P.K

65~ 68768
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(Al**) determination was conducted according to Sokolov (GOST
26485-85) by extraction with 1 M KCl (1:2.5). Samples were
shaken for 1 h then filtered, selected aliquots were boiled for 5
minutes and were using phenolphthalein as an indicator. Then,
other samples were taken from the filtrate, boiled for 5 min and
titrated with 0.02 M NaOH after the addition of 3 ml of 3.5% NaF.
The concentration of mobile Al** was determined by the differ-
ence between these titrations. The sum of exchangeable bases
(SEB) was measured according to GOST 27821-88, using 0.1 M
HCI solution in the ratio of 1:5. The suspensions were shaken at
room temperature for one hour, left for 24 h and then filtrated.
The filtrates were titrated with 0.1 M NaOH solution in presence
of a phenolphthalein indicator. Humus content was determined
by spectrophotometric measurement at 590 nm after dichro-
matic oxidation according to Turin method modified by Nikitin
(DSTU 4289:2004).

2.4. Statistical analysis

The significance of the differences between the means was
determined Tukey’s test. Differences between the samples were
considered statistically significant at P<0.05. The data was ana-
lysed in OriginPro 2019b. The data in the tables are presented as
an arithmetic mean with standard deviation (x + SD).

3. Results
3.1. Soil structure

Analysis of the structural and aggregate composition of soil
after dry sieving showed that in control without fertilisers (C)
content of CO 5-10 mm and VM 0.25-3.0 mm aggregates is al-
most the same in 4™ crop rotation (42.5% and 45.2%). At first
sight, it indicates a high degree of soil structurality. At the end of
9t rotation, the number of coarse aggregates (65.6%) far exceeds

Table 2
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the number of very fine to medium (25.8%) and are close to the
soil under the forest. The results of wet sieving show a signifi-
cant predominance of VF 0.25-1.0 mm aggregates over CO 5-10
mm fraction during the 4" rotation (44.8 and 12.0%, respective-
ly) with almost the same ratio in the soil at the end of 9" rotation
(27.8% and 26.6%, respectively). Down the soil profile, the con-
tent of a very fine fraction in the subsoil horizon noticeably in-
creases, which indicates a deterioration of the water-resistance
of the soil structure (Table 2).

The content of large 5-10 mm and very fine to medium
0.25-3.0 mm aggregates after dry sieving at the end of the 4%
rotation is also almost the same (48.1% and 42.5%, respectively)
in the organo-mineral fertilising system and periodic liming
with 1.0 n CaCO, HA (OM). Under a similar system at the end of
the 9" rotation, the content of 5-10 mm aggregates in the arable
horizon is almost eight times higher than VM 0.25-3.0 mm ag-
gregates and is 81.1% and 11.3%, respectively. The results of wet
sieving are almost completely correlated with the control. There
is a significant predominance of the very fine 0.25-1.0 mm frac-
tion (52.8%) over coarse 5-10 mm fraction (15.6%) in the 4™ rota-
tion, and almost the same ratio in the soil of the 9™ crop rotation
(23.0% and 25.8%, respectively).

The results of dry sieving in 4™ rotation showed that long-
term and systematic application of the mineral fertilisers (M) as
well as complete lack of their application (C), ensures almost the
same content of CO 5-10 mm and VM 0.25-3.0 mm aggregates
(43.1% and 42.4%). The content of the water-resistant fraction
in both rotations shows a significant predominance of very fine
aggregates over coarse.

In the structural composition under the canopy in the forest
there is a decrease in water-resistance of aggregates in the soil
(the 0.25-1.0 mm fraction content is 32.0-7.2%). It should be not-
ed that there is a significant predominance of coarse 5-10 mm
water-resistant aggregates over very fine units, which indicates
better water-resistance of the structure compared to long-term
fertilisation and periodic liming.

Structural and aggregate composition of Albic Stagnic Luvisol under different systems of fertilisation and liming (x + SD)

Crop Treatment Aggregate size, %
rotation Coarse (CO), 5-10 mm very fine to medium (VM), very fine (VF),
0.25-3.0 mm 0.25-1.0 mm
type of sieving
dry wet dry wet
v C 42.5 £ 5.4° 12.0 + 2.62 45.2 £5.8° 44.8 £4.32
OM 48.1 £5.77 15.6 +1.52 42.5 £4.5° 52.8 +6.22
M 43.1+3.22 16.0 £ 2.6° 424 +3.8% 52.0 £ 5.4°
F 46.2 £ 2.37 17.6 +1.72 36.0 +2.32 32.0+2.2°
IX C 65.6 + 2.12 26.6 +2.22 25.8 +2.32 27.8 +3.32
oM 81.1+24° 25.8+1.5° 11.3+3.3° 23.0+£0.9°
M 88.2 +0.8° 22.8+1.22 25.1+1.22 27.6 £ 0.3
F 63.7 + 1.02 35.0+2.1° 26.0 + 1.42 7.2 £0.8°

Note. Values labelled with the same letter within one crop rotation are not significantly different from each other according

to the results of comparison using the Tukey test (P<0.05)
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3.2. Physicochemical properties of soils

Analysis of the physicochemical properties of the studied
soils showed that in control (C) the reaction of the soil solution at
the end of the 4th crop rotation throughout the profile is strongly
acidic (pH,, ranges from 3.90 to 4.47). At the end of the 9™ rota-
tion, pH,, is slightly higher and amounts to 4.13-4.47 under the
same treatment, but the reaction of the soil solution remained
strongly acidic (Table 3, 4). In both rotations, HA acidity tends to
decrease down the profile with maximum values in the 0-0.30
cm. Its values are slightly higher in the 4% rotation (2.28-6.04
cmol® kg of soil) than in the 9 crop rotation (1.40-5.11 cmol®
kg of soil), which indicates a very strongly acidic reaction in ear-
lier rotation in contrast to just acidic reactions in later (Table 3).

The sum of exchangeable bases in control in both rotations
can be described as very low and low with some increase down
the profile. Its values range from 1.0 to 8.6 cmol® kg of soil.
They reach 10.4 cmol® kg of soil only in 0.60-0.90 layer in the 9™
rotation, which is characterized by an average amount (Table 4).
The content of mobile aluminium in control in both rotations
decreases down the profile, but at the end of the 4" rotation, it
is slightly higher compared to the 9" rotation due to higher soil

Table 3

Changes of properties of Ukrainian Albic Stagnic Luvisol

acidity. The humus content in the upper horizon of both rota-
tions is low (1.44-1.48%). The horizons below have very small
amount of humus (humus content does not exceed 1%).

The reaction of the soil solution of upper horizons under
long-term application of one norm of mineral fertilisers and 10 t
ha™ of manure with the background of 1.0 n CaCO, (OM) is weak-
ly acidic (pH,, - 5.18-5.51) in both rotations. However, with this
system of fertilisation and liming at the end of the 4™ rotation,
the pH,, sharply decreases in the soil profile to strongly acidic.
At the end of 9™ rotation, it gradually shifts to medium-acid. In
both rotations, HA ranges from low to medium with maximum
values in the middle part of the profile, in contrast to the con-
trol.

The sum of exchangeable bases under application of
N, P, K, + 10 t ha? of manure + CaCO, (1.0 n Ha) varies from
very low in the upper part of the profile to low in slightly illuvi-
ated parent rock (3.2-10.0 cmol® kg of soil) at the end of the 4™
crop rotation. At the end of the 9" rotation under a similar sys-
tem of fertilisation and liming, the sum of exchangeable bases
is much higher and is estimated as low and medium (8.5-16.3
cmol® kg of soil), but its profile distribution is similar to the
profile distribution at the end of 4" crop rotation.

Physicochemical properties of genetic horizons Albic Stagnic Luvisol under different systems of fertilisation and liming at the end

of the 4th crop rotation

Soil layer, m Treatment PH., Ha Al Humus
mg kg? %
cmol® kg of soil

0-0.30 C 3.99+0.132 6.04+0.122 1.6+0.32 157.8+22.3° 1.44+0.08°
oM 5.51+0.09" 2.19+0.12° 5.0£0.3" 1.4+0.7 1.73+0.08>
M 3.73£0.172 6.06+0.112 1.2£0.32 149.8+9.0° 1.55+0.06°
F 3.85+0.04* 9.26+0.10¢ 3.48+0.1° 303.1+7.0° 1.88+0.04¢

0.30-0.60 C 4.40+0.03° 4.39+0.092 1.0+0.32 123.3+15.12 0.88+0.04*
oM 4.50+0.10? 3.29+0.18> 3.20.1° 16.7+3.9° 0.97+0.04*
M 4.10+0.09* 4.32+0.072 0.8+0.12 122.2+11.3° 0.85+0.012
F 3.93+0.06" 5.72+0.06° 2.46+0.1° 215.8+9.0° 0.93+0.072

0.60-0.90 C 3.90+0.10% 4.18+0.18° 7.4+0.4° 122.1+9.5° 0.48+0.032
oM 4.27+0.13> 3.40+0.09° 6.9+0.12 44.5+4.3 0.79+0.05"
M 4.20+0.05° 3.68+0.07° 1.2+0.4> 92.5+7.22 0.71+0.05*
F 3.90+0.06¢ 5.32+0.07¢ 2.28+0.1¢ 197.6+10.9¢ 0.53+0.04*

0.90-1.20 C 4.22+0.11% 2.36+0.192 7.4+0.12 23.6+3.52 0.35+0.052
oM 4.40+0.02° 2.08+0.082 7.6+0.22 14.2+2.1° 0.76+0.02°
M 4.17+0.14% 4.69+0.18° 6.4+0.2° 133.9+22.4° 0.77+0.04>
F 4.00+0.06> 4.13+0.04¢ 1.22+0.1¢ 105.8+8.4> 0.46+0.04*

1.20-1.50 C 4.47+0.09° 2.28+0.07° 8.6+0.32 25.0+5.22 ND
oM 4.45+0.01° 2.53+0.122 10.0+0.5" 22.6+2.92 0.68+0.04*
M 4.00+0.07° 3.57+0.08> 6.4+0.2¢ 96.8+4.7° 0.39+0.03>
F 4.12+0.05> 3.36+0.04° 0.91+0.14 76.7+6.4> ND

Note. Values labelled with the same letter within one soil layer are not significantly different from each other according to the

results of comparison using the Tukey test (P<0.05); ND — not detected.
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Table 4
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Physicochemical properties of genetic horizons Albic Stagnic Luvisol under different fertilising and liming systems at the end of

9th crop rotation

Soil layer, m Treatment PH, Ha SAB Al> Humus
mg kg %
cmol® kgt of soil

0-0.30 C 4.22+0.14° 5.11+0.59* 3.00.1° 110.3+15.3° 1.48+0.04°
oM 5.18+0.10° 2.77+0.22> 10.6+0.5" 26.1+1.4° 1.90+0.05"
M 4.03+£0.07¢ 5.11+0.922 3.0£0.5° 75.2%5.1¢ 1.57+0.03*
F 3.72+0.12¢ 9.73+0.08¢ 1.1+0.2° 210.6+1.7¢ 2.07+0.08°

0.30-0.60 4.31x0.09° 3.58+0.42° 5.2+0.5° 65.3+1.9° 0.48+0.03%
oM 4.90£0.12> 3.11+0.05* 8.5£0.2> 71.1£9.3 0.83£0.15"
M 4.17+0.04° 4.54+0.06" 1.5+0.1¢ 126.5+3.8" 0.63+0.06°
F 3.86+0.04° 6.49+0.01° 0.90.2¢ 183.0+0.9° 1.23+0.06°

0.60-0.90 C 4.13+£0.18° 4.20£0.17%¢ 10.4+1.2° 91.8+0.22 0.28+0.022
oM 4.7840.21° 3.46+0.212 9.0+1.9° 79.7+1.6 0.64+0.10"
M 4.00+0.02% 5.25+0.06" 5.7+0.2° 148.1+3.0° 0.37+0.03
F 3.78+0.02¢ 4.5120.04>¢ 1.0£0.1¢ 90.1+1.32 0.53+0.07¢

0.90-1.20 C 4.22+0.08° 3.23+0.10* 6.90.1° 68.4+1.7 0.28+0.01*
oM 4.9040.13" 3.15+0.04° 11.9+0.8" 43.245.8 0.55+0.06"
M 4.07£0.10% 2.97+0.022 8.0+1.3 66.2+2.8° 0.26+0.022
F 3.83+0.01¢ 4.60£1.14" 6.8+0.2° 77.7+3.4 0.33+0.05*

1.20-1.50 ¢ 4.47+0.03° 1.40+0.04° 6.0£0.7° 27.5+2.0° 0.47+0.022
oM 4.85+0.06" 2.98+0.01° 16.3£1.2> 32.4+4.22 0.51+0.00°
M 4.04+0.05¢ 2.97+0.10° 13.8+0.3¢ 54.5+6.1° 0.21+0.01°
F 3.83+0.05° 3.79+0.04" 11.2+0.4¢ 53.740.1° 0.29+0.07

Note. Values labelled with the same letter within one soil layer are not significantly different from each other according to the

results of comparison using the Tukey test (P<0.05).

The content of mobile aluminium in both rotations under
the organo-mineral fertilising system and liming is significantly
lower than in the control. The highest values are observed in the
middle part of the profile, lower — in the upper and lower part.
A decrease in the content of aluminium with the introduction of
lime is probably due to the binding of its labile fractions. Long-
term liming reduced the total non-crystalline Al, the organo-Al
complexes of different stability as well as the exchangeable Al in
the arable layer (KryZevitius et al., 2019).

The humus content under the influence of the organo-min-
eral system of fertilisation and liming (OM) in the 0-30 cm layer
increased to 1.73% at the end of the 4™ rotation and to 1.90% at
the end of the 9" rotation compared to the 1.44-1.48% in control.
Layers below have very small amount of humus (<1%).

Studies have shown that at the end of the 4™ rotation by
the application of mineral fertilisers in the soil at a dose of
N, ,0P.0K g, (M), the reaction of the soil solution throughout the
profile is strongly acidic (pH,, ranges from 3.73 to 4.20). The
same situation is observed with long-term application of the
mineral fertilisers at a dose of NP, K. at the end of the 9™ rota-
tion (pH,,, values range from 4.00 to 4.17), which corresponds
to a strongly acidic pH reaction. In both rotations, HA decreases
down the profile. However, in the upper horizon at the end of
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the 4™ rotation, the Ha is very high (6.06 cmol® kg), down the
profile — medium and high. In the upper layers at the end of 9*
rotation, the content of HA is high (5.11 cmol® kg?), below it
changes from low to high.

The sum of exchangeable bases in both rotations can be de-
scribed as very low in the upper (0-60 cm) part of the profile
(0.8-1.5 cmol® kg™), and low and medium - in the lower (1.2—
13.8 cmol® kg™).

The content of mobile aluminium in the soil and its profile
distribution at the end of the 4™ rotation under mineral fertiliza-
tion system is not significantly different from the control (92.5-
149.8 mg kg!) except for lower horizons, where the stronger
influence of mineral fertilizer on mobile forms of aluminium is
traced. Slightly lower values are observed at the end of the 9®
crop rotation (54.5-148.1 mg kg™), probably due to a decrease in
the dose of mineral fertilizers.

There is no significant difference between soil humus con-
tent under mineral fertilisation from the control. In both ro-
tations, humus content in the upper horizon (0-30 cm) is low
(1.44-1.57%), and down the soil profile, genetic horizons have
very small amount of humus (<1%) (Table 3, 4).

Comparing the reaction of the soil solution under the
canopy in the forest, it can be stated that the change of forest
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coenoses by agrocoenoses had a positive effect on the acid-base
properties of these soils. Thus, the reaction of the soil solution in
the soil under the canopy in the forest throughout the profile is
strongly acidic (pH,, - 3.72-4.12).

Similar dynamics can be observed in the profile distribu-
tion of HA. This value decreases in the forest soil. HA in the
upper horizon is very high (9.26-9.73 cmol® kg), down to the
soil-forming parental material it gradually changes to medium
(3.36-3.79 cmol™ kg).

The sum of exchangeable bases in the soils under the forest
at the end of 9" crop rotation is very low (0.9-1.1 cmol® kg?) in
the upper horizons and low and medium (6.8-11.2 cmol® kg™)
below.

The content of mobile aluminium correlates with the acid-
ity of soils, so it is natural that in the soil under the forest its
content is higher (303.1 mg kg at the end of the 4" crop rotation
and 210.6 mg kg at the end of the 9" crop rotation). There is
a sharp decrease in its content with depth.

In terms of humus content, upper layer of forest soil is low-
humus (1.88-2.07%), and the lower horizons have very small
amount of humus (<1%).

4. Discussion

Under conditions of global warming, the focus is on the ef-
fect of long-term fertilization in the farming system to ensure
sustainable management of soil fertility. It is long-term research
that makes it possible to build prognostic models of soil behav-
iour under climate change conditions and will allow using opti-
mal rates of fertilizers, as well as adjusting them in accordance
with the trend of the evolution of various indicators of soil qual-
ity over a certain period (Tanase et al., 2022).

The results obtained by Olifir et al. (2020) in a long-term
study provide opportunities to assess the systemic impact of
various agricultural technologies on soil fertility, biotic proc-
esses, the state of the soil environment, as well as to find out the
peculiarities of the circulation of substances and energy flows.
In general, this will make it possible to theoretically substantiate
directions for the formation of sustainable and ecologically safe
functioning of agroecosystems under the conditions of global
warming.

Dynamic anthropogenic soil changes affect the ecosystem
services they provide (Robinson, et al, 2012). That is why un-
derstanding the main processes in the soil environment under
different levels of fertilizer application, especially over long pe-
riods, is the basis for the development of measures to manage
soil processes (Mayer et al., 2023).

Studies have shown that the dynamics of soil organic car-
bon (SOC) content should be constantly monitored to minimize
the anthropogenic pressure on soils, which causes changes in
the content of organic matter, as they are related to the intensity
of land use. Therefore, Volungevicius et al. (2019) recommend
strictly following crop rotation and combining organic fertiliz-
ers with mineral fertilizers when using Luvisol in agriculture.

In fact, our research shows that the long-term use of the
organo-mineral fertilization system has the greatest positive

Changes of properties of Ukrainian Albic Stagnic Luvisol

effect on physical properties, contributes to the improvement
of the physico-chemical and agrochemical properties of the soil
compared to the mineral system and the control without ferti-
lizers.

Similar results were also obtained in the research of
Hoang (2023) where it was shown that 96 years of use of min-
eral and organic fertilizers had a clear effect on the chemical
and sorption properties of the soil. The effect of fertilization
was best expressed in the top layer of the soil. NPK mineral
fertilizer led to acidification of the entire soil profile, which
was expressed by an increase in exchangeable acidity and total
potential acidity.

The obtained results of Siewruk and Szulc (2023), demon-
strate a tendency to transport phosphorus, calcium and mag-
nesium through the soil profile. The conducted studies show
that the application of mineral fertilizers increases the nutrient
saturation of soils at the studied depths, and deep-rooted crops
should be used in crop rotation, which can effectively use the
subsoil as a source of nutrients and contribute to the reduction
of nutrient leaching.

Experiments by Mayer et al. (2023) confirm the impor-
tance of organo-mineral transformations for stabilization of soil
organic matter (SOM), especially in the context of the current
trend of climate change. Maintaining the dynamic nature of
SOM through stable application of organic fertilizers and pro-
moting soil biotic activity should be the foundation of sustain-
able agriculture under climatic fluctuations.

Researchers Meng et al (2020) have attempted to improve
Albic soils and increase crop yields primarily by increasing the
amount of organic matter in the A- horizon and deeper over the
past thirty years. The study showed that mixing horizon A, rep-
resenting Albic soil, with horizon B improved the physicochemi-
cal properties of Albic soil, which has a low humus content in
the upper soil horizon and high infiltration resistance.

The obtained results (Bulyhin et al., 2022) made it possible
to form a gradation scale for assessing the state of the water-
resistant structure and the degree of manifestation of the con-
sequences of the intensive use of chernozems of the Left Bank
Forest Steppe with different fertilization and tillage. It was es-
tablished that according to the speed of changes in the soil due
to the formation of a certain degree of water resistance, cher-
nozeme-like soils occupy the following sequence: gray forest low-
humus heavy loamy light clay on carbonate loess-like clay < typi-
cal chernozem low-humus heavy loamy light clay on loess-like
clay < meadow-black earth low-humus carbonate heavy loamy
soil on loess-like clay < typical medium humus heavy clay cher-
nozem in the forest (Bulyhin et al., 2022).

In our research conducted under the conditions of a classi-
cal long-term stationary experiment, the influence of long-term
use of various fertilization systems on changes in the structural-
aggregate composition and physico-chemical properties of Albic
Stagnic Luvisol was shown. Our further research will be aimed
at studying the influence of different fertilization systems, pe-
riodic liming and climate changes on functional resistance to
acidity, evolutionary patterns of changes in properties to pro-
vide information on sustainable management of the fertility of
acidic Albic Stagnic Luvisol.
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5. Conclusions

1. The fertility of Albic Stagnic Luvisols in western Ukraine is
limited by periods of waterlogging and excess acidity.

2. To preserve and protect them, a long-term fertilization of
1.0 n CaCO,, 10 t ha of manure and one norm of mineral
fertilisers (NP K..). This organo-mineral fertilizing system
has the greatest positive effect on the structural and aggre-
gate condition of the soil, contributing to the improvement
of its physical and chemical properties.

3. Long-term application of mineral fertilising system causes
deterioration of physical and physicochemical parameters
of Albic Stagnic Luvisol.

Acknowledgments

The presented research was carried out within the framework
of the fundamental task 01.01.03.08.F. “To develop the scientific
basis of the functional stability of acidic Albic Stagnic Luvisol un-
der the conditions of long-term anthropogenic loads and climate
changes” (Program of scientific research of the National Academy
of Agrarian Sciences of Ukraine (NAAS) «Soil resources of Ukraine:
information supply, rational use, management, technologies».

References

Adewopo, J., et al., 2014. Top-ranked priority research questions for soil
science in the 21st Century. Soil Science Society of America Journal
78, 337-347. https://doi.org/10.2136/sssaj2013.07.0291

Bai, J., Xiao, R, Zhang, K., Gao, H., Cui, B., Liu, X., 2013. Soil organic carbon
as affected by land use in young and old reclaimed regions of a coast-
al estuary wetland, China. Soil Use Manage 29(1), 57-64. https://doi.
0rg/10.1111/sum.12021

Brezin3cak, L., Bogunovi¢, 1., 2021. Tillage and straw management im-
pact on soil structure, compaction and soybean yield on fluvisol.
Journal of Central European Agriculture 22(1), 133-145. https://doi.
org/10.5513/JCEA01/22.1.2975

Bulyhin, S., Demydenko, O., Tkachenko, M., Vitvitsky, S., Zadubynna, Y.,
Lisovyy, M., 2022. State of water-stable soil structure in the Central
Forest-Steppe under agrogenic and postagrogenic maintenance. Ag-
ricultural Science and Practice 9(2), 3-22. https://doi.org/10.15407/
agrisp9.02.003

Chendev, Yu., Burras, C., Sauer, T., 2012. Transformation of forest soils in
Iowa (United States) under the impact of long term agricultural devel-
opment. Eurasian Soil Science 45(4), 357-367. https://doi.org/10.1134/
$1064229312040035

DSTU 4744:2007. Soil quality. Determination of the structural and ag-
gregate composition by the sieve method in the modification of N.L.
Savvinova. Effective from 01.01.2008. Kyiv: Derzhspozhyvstandart of
Ukraine, 2008. (National standards of Ukraine). (in Ukrainian)

DSTU 4287: 2004. Soil quality. Sampling of samples. Effective from
01.07.2005. Kyiv: Derzhspozhyvstandart of Ukraine, 2005. (National
standards of Ukraine). (in Ukrainian)

DSTU ISO 11464:2007. (ISO 11464:2006, IDT) Soil quality. Preliminary
treatment of samples for physical and chemical analysis. Effective
from 01.10.2009. Kyiv: Derzhspozhyvstandart of Ukraine, 2009. (Na-
tional standards of Ukraine). (in Ukrainian)

DSTU ISO 10390:2007. (ISO 10390:1994, IDT) Soil quality. Determination
of pH. Effective from 01.10.2009. Kyiv: Derzhspozhyvstandart of
Ukraine, 2009. (National standards of Ukraine). (in Ukrainian)

183659

SOIL SCIENCE ANNUAL

DSTU 7537:2014. Soil quality. Determination of hydrolytic acidity. Effec-
tive from 01.04.2015. Kyiv: Derzhspozhyvstandart of Ukraine, 2015.
(National standards of Ukraine). (in Ukrainian)

DSTU 4289:2004. Soil quality. Methods of determining organic matter.
Effective from 01.07.2005. Kyiv: Derzhspozhyvstandart of Ukraine,
2005. (National standards of Ukraine). (in Ukrainian)

FAO, 2006. Guidelines for Soil Description. www.fao.org/3/a0541e/a0541e.
pdf

GOST 26485-85. Soils. Determination of exchangeable (mobile) aluminum
by the CINAO method. Moscow, 1986. State standard. (in Russian)

GOST 27821-88. Soils. Determination of the amount of absorbed bases by
the Kappen method. Moscow, 1989. State standard. (in Russian)

Haddix, M., Paul, E., Cotrufo, M., 2016. Dual, differential isotope labeling
shows the preferential movement of labile plant constituents into
mineral-bonded soil organic matter. Global Change Biology 22(6),
2301-2312. https://doi.org/10.1111/gcb.13237

Hoang, Q.V,, 2023. Influence of 96 years of mineral and organic fertiliza-
tion on selected soil properties: a case study from long-term field ex-
periments in Skierniewice, central Poland. Soil Science Annual 74(1),
161945. https://doi.org/10.37501/soilsa/161945

1USS Working Group WRB, 2022. World Reference Base for Soil Resources.
International soil classification system for naming soils and creating
legends for soil maps. 4™ edition. International Union of Soil Sciences
(IUSS), Vienna, Austria.

Kaiser, K., Kalbitz, K., 2012. Cycling downwards — dissolved organic mat-
ter in soils. Soil Biology and Biochemistry Journal 52, 29-32. https://
doi.org/10.1016/j.s0ilbio.2012.04.002

Krytevicius, T.,Janudiené, L., Kar¢auskieng, D., Dlepetiené, A., Vilkien&, M.,
Tukauskaité, A., 2019. Aluminium leaching response to acid precipita-
tion in a lime-affected soil. Zemdirbyste-Agriculture 106(4), 315-320.
https://doi.org/10.13080/z-a.2019.106.040

Masilionyté, L., Maikdténiené, S., 2016. The effect of alternative crop-
ping systems on the changes of the main nutritional elements in the
soil. Zemdirbyste-Agriculture 103(1), 3-10. https://doi.org/10.13080/
Z-a.2016.103.001

Mayer, M., Leifeld, J., Szidat, S., Mader, P., Krause, H.-M., Steffens, M., 2023.
Dynamic stability of mineral-associated organic matter: enhanced
stability and turnover through organic fertilization in a temper-
ate agricultural topsoil. Soil Biology and Biochemistry 184, 109095,
https://doi.org/10.1016/j.s0ilbio.2023.109095

Meng, Q., Zou, H., Zhang, C., Zhu, B., Wang, N., Yang, X., Gai, Z., Han, Y.,
2020. Soil mixing with organic matter amendment improves Albic
soil physicochemical properties and crop yield in Heilongjiang prov-
ince, China. PLoS ONE 15(10), e0239788. https://doi.org/10.1371/jour-
nal.pone.0239788

Nosko, B., 2013. The formation of the agrogenic typical chernozem profile
in the Ukrainian forest-steppe after plowing virgin steppe and fallow
soils. Eurasian Soil Science 46(3), 325-336. https://doi.org/10.1134/
$1064229313030058

Novikova, A., Konyushkova, M., 2013. Anthropogenic transformation of
soils in the northern Ergeni Upland. Eurasian Soil Science 46(3), 241-
253. https://doi.org/10.1134/S106422931303006X

Olifir, Y.M., Habryiel, AJ., Partyka, T.V,, Havryshko, O.S., 2020. Carbon
dioxide emission and humus status of Albic Stagnic Luvisol under
different fertilization regimes. Biosystems Diversity 28(3), 320-328.
https://doi.org/10.15421/012040

Ovchinnikova, M., 2016. Transformation of humus substances in the
long-drained surface-gleyed soddy-podzolic soils under conditions of
pronounced microrelief and different agrogenic loads. Eurasian Soil
Science 49(8), 859-867. https://doi.org/10.1134/S106422931608010X

Povilaitis, V., Lazauskas, S. Antanaitis, S., Feiziené, D., Feiza, V.,
Tilvikiené, V., 2018. Relationship between spring barley productivity
and growing management in Lithuania’s lowland. Acta Agriculturae
Scandinavica, Section B: Soil and Plant Science 68(1), 86-95. https://
doi.org/10.1080/09064710.2017.1367834



SOIL SCIENCE ANNUAL

Repsiene, R., Karcauskiene, D., 2016. Changes in the chemical properties
of acid soil and aggregate stability in the whole profile under long-
term management history. Acta Agriculturae Scandinavica, Section
B: Soil and Plant Science 66(8), 671-676. https://doi.org/10.1080/090
64710.2016.1200130

Robinson, D.A,, et al., 2012. Natural capital, ecosystem services, and soil
change, why soil science must embrace an ecosystems approach. Va-
dose Zone Journal 11. https://doi.org/10.2136/vzj2011.0051

Roychowdhury, R., Banerjee, U., Sofkova, S., Tah, J., 2013. Organic farming
for crop improvement and sustainable agriculture in the era of cli-
mate change. Journal of Biological Sciences 13(2), 55-70. https://doi.
0rg/10.3844/0jbsci.2013.50.65

§imansk}'/, V., Jonczak, J., 2020. Aluminium and iron oxides affect the
soil structure in a long-term mineral fertilised soil. Journal of Soils
and Sediments 20(3), 2006-2018. https://doi.org/10.1007/s11368-019-
02556-4

Siewruk, K., Szulc, W,, 2023. Assessment of the effect of intensive agri-
cultural production on nutrient transport in soil. Soil Science Annu-
al 74(3), 171629. https://doi.org/10.37501/soilsa/171629

Simansk;’l, V., Polldkov4, N., Jonczak, J., Jankowski, M., 2016. Which soil
tillage is better in terms of the soil organic matter and soil structure
changes? Journal of Central European Agriculture 17(2), 391-401.
https://doi.org/10.5513/JCEA01/17.2.1720

Tanase, V., Vrinceanu, N., Preda, M., Kurtinecz, P., Motelicd, D.M,,
Costea, M., Plopeanu, G., Carabulea, V., 2022. Long-term nitrogen and
phosphorus fertilization effects on soil properties. Scientific Papers.
Series A. Agronomy 65(1), 170-176.

Truskavetskyi, R.S., Tsapko, Yu.L., 2016. Fundamentals of soil fertility
management. Kharkiv, 388. (in Ukrainian)

Changes of properties of Ukrainian Albic Stagnic Luvisol

Truskavetskyi, R., Zubkovska, V., Khyzhniak, I., 2020. Innovative models of
soil fertility management. Bulletin of LNAU: Agronomy 24, 181-186.
https://doi.org/10.31734/agronomy2020.01.181 (in Ukrainian with
English summary).

Veenstra, J., Burras, C., 2015. Soil profile transformation after 50 years
of agricultural land use. Soil Soil Science Society of America Journal
79(4), 1154-1162. https://doi.org/10.2136/sssaj2015.01.0027

Voloshchuk, M.D., Prosovych, K.I., Prystaiko, V.M., Hahalyuk, M.I., Duka,
L.V, Shcherba, M.M., Kachmar, 0.Y., 1999. Environmental problems
of increasing productivity of grey podzolic soils in the western region
of Ukraine. Foothill and Mountain Agriculture and Stockbreeding
40-41, 33-44. (in Ukrainian with English summary)

Volungevicius, J., Amaleviciute, K., Feiziene, D., Feiza, V., Slepetiene, A, Li-
audanskieng, I., Versuliene, A., Vaisvalavicius, R., 2018. The effects of
agrogenic transformation on soil profile morphology, organic carbon
and physico-chemical properties in Retisols of Western Lithuania.
Archives of Agronomy and Soil Science 64(13), 1910-1923. https://doi.
0rg/10.1080/03650340.2018.1467006

Volungevicius, J., Feiza, V., Amalevicitité-Volungé, K., Liaudanskieng, I.,
Dlepetiené, A., Kuncevicius, A., Vengalis, R., Vélius, G., Prapiestiené, R.,
Podkieng, J., 2019. Transformations of different soils under natural
and anthropogenized land management. Zemdirbyste-Agriculture
106, 3-14. https://doi.org/10.13080/z-a.2019.106.001

Volungevicius, J., Jukna, L., Veteikis, D., Vaisvalavicius, R., Amaleviciute, K.,
Slepetiene, A., Skorupskas, R., Jankauskaite, M., 2016. The problem of
soil interpretation according to the WRB 2014 classification system
in the context of anthropogenic transformations. Acta Agriculturae
Scandinavica, Section B: Soil and Plant Science 66(5), 452-460. https://
doi.org/10.1080/09064710.2016.1164231

183659




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


