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Abstract. Stable productivity, essential for winter wheat as a strategic crop, can only be achieved by
meeting its growth and development requirements, especially nutrition. Soddy-podzolic soils, typically
highly acidic in their natural state, are unsuitable for realizing winter wheat s full yield potential. Combined
fertilizer and lime application is a key factor for grain yield and quality. While lime (CaCO3) is widely used
to reclaim acidic soils, determining the optimal application rate, particularly in combination with mineral
fertilizers, is crucial. This research investigated the effect of applying 0,5-2,0 lime norms based on soil
hydrolytic acidity (Hh, mmol/100 g) combined with a moderate norm of N6OP60K60 mineral fertilizers
on winter wheat grain yield and quality. The soil had an initial pHKCI of 4.8 and a hydrolytic acidity
of 2,3 mmol/100 g of soil. Field, laboratory, calculation, statistical, and generalization methods
were employed. The experiment revealed the lowest grain yield in the control and N60P60K60
treatments without liming. Lime application at various rates with N6OP60K60 increased grain yield by
0,74-0,89t/hacomparedtothecontrol, withthe 1,5 CaCO3normby Hhachievingthebestresults. Theapplication
of 2,0 norms of CaCO3 led to a statistical decrease in yield by 0,14 t/ha (p<0,05) due to a reduction in
available nutrient compounds in the soil. Liming also affected the main indicators of grain quality of winter
wheat. An increase to the control was found for the weight of 1000 grains and protein content, while the
actual weight of the grain decreased. As the most optimal treatment, regarding grain quality, was found out
the option of 1,0 CaCO3 norm based on soil hydrolytic acidity in combination with N6OP60K60, with the
winter wheat grain yield of 3,54 t/ha and an increase in the protein content in it by 6,8 % to the background.
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Relevance of research. Acidic soils are a
significant problem for Ukrainian agriculture,
especially in the Polissia zone, where sod-podzolic
soils predominate, with a soil reaction
of 4,4-55 units. The main reasons for the
formation of this acidic environment include the
leaching type of soil water regime, low carbonate
content in the parent rock, human activities
such as the application of physiologically acidic
mineral fertilizers, environmental pollution, acid
rain, and an imbalance of calcium in soils. Global
climate change and the spread of calciphilic
crops in Polissia further intensify these negative
acidification processes [1].

Liming, which restores soil pH to optimal
ranges for crops, is an important agronomic
measure to increase crop yields, particularly
for winter wheat. This crop best realizes its
potential productivity at pH 6,5-7,2. Losses in
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crop production due to excessive soil acidity
exceed 2,0 million tons of grain annually, with an
estimated cost of UAH 10-12 billion [2].

Maintaining an optimal pH level improves
the physical and chemical properties of the soil,
stimulates microbial activity and increases the
availability of nutrients [3]. Liming can have a
complex effect on soil organic matter. Research
by Malynovska [4] shows that it both weakens
the mineralization process and stimulates overall
biological activity inthe soil. Specifically, the study
found that liming decreased the mineralization of
soil organic matter: without mineral fertilizer —
by 2,1 times, with mineral fertilizer — by
4,07 times, and against the background of plowing
green manure biomass and by-products of the
predecessor — by 1,36 times.

Analysis of the latest research and
publications. Studies by domestic and foreign
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scientists show that the liming of acidic soils
can lead to a significant increase in winter
wheat yields. Polovyi V. and Yashchenko L.
[5] found that applying Ni2PsKoo increased
wheat grain yield by 1,04 t/ha compared to
the control. However, this increase was not
enough to be economically beneficial for acidic
sod-podzolic soils. The researchers found that
only the combined use of fertilizers and limestone
materials provided a significant yield increase in
their experiment. Warner J. et al. [6] indicate that
a change in pH from 5,5 to 6,5 increases wheat
grain yield by 22 %, and at lower levels, the use
of nitrogen fertilizers is less cost-effective.

Jelic M. et al. [7] found that the combined
use of Ni2P100Keo, 5 t/ha of lime (CaCOs), and
20 t/ha of manure significantly reduces aluminum
levels in grain and increases winter wheat yield.
Similar results were obtained by Chauhan N.
et al. [8], who recorded the highest wheat yield
(2.8 t/ha) with the recommended fertilizer rate
(120 kg N, 26 kg P, 25 kg K) combined with
10 t/ha of manure, although it was statistically
comparable to the NPK + lime variant (2,6 t/ha).
These studies collectively demonstrate that the
integrated use of lime together with chemical
fertilizers is crucial for both maintaining the
productivity of acidic soils and improving the
quality of winter wheat products [9].

Despite the proven effectiveness of liming,
some farmers hesitate due to the upfront cost
of limestone materials. However, liming is a
long-term investment that not only significantly
increases winter wheat yields in the current year,
but also improves soil fertility for many years to
come, ultimately leading to greater returns on
investment,

The purpose of the study is to investigate
the response of winter wheat yield to different
norms of lime: this will allow us to develop
recommendations for optimizing its use
and increasing the efficiency of agricultural
production on acidic sod-podzolic soils.

Materials and methods of research.
To evaluate the response of winter wheat to
different rates of lime, the field experiment on the
sod-podzolic soil of Western Polissia, employed
the following treatments:

1. Control (without fertilizers).

2. NeoPsoKeo — background.

3. Background + 0,5 norms of CaCOs; by
hydrolytic acidity (Hh) (0,5 CaCO:3).

4. Background + 1,0 norm of CaCOs by Hh
(1.0 CaCOs).

5. Background + 1,5 norms of CaCO; by
Hh (1,5 CaCO:s); 6. Background + 2,0 norms of
CaCOs by Hh (2,0 CaCO:s).
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Winter wheat was grown in an 8-month crop
rotation, with alfalfa as a predecessor. The soil
of the experimental plot was sod-podzolic sandy,
characterized by the following agrochemical
parameters: humus content 1.2 %, mobile
nutrients (mg/kg soil): P»Os (according to
Kirsanov) — 62,0; K»O (according to Kirsanov) —
75,0, pHka — 4,8; hydrolytic acidity —
2,3 mmol/100 g of soil; degree of saturation with
bases — 62 %.

The area of the plots in the experiment was
198 m? (33x6) and 100 m?* (25x4). Replication:
three times.

Mineral fertilizers were applied in the form
of ammonium nitrate, granular superphosphate,
and potassium chloride. Phosphorus-potassium
fertilizers were applied for autumn plowing,
nitrogen fertilizers — half the norm for plowing,
and the rest in spring as fertilizing. Chemical
reclamation was carried out by ground lime with
an active ingredient content in terms of CaCO;
of 83,7-92,1 %.

The grain harvest was recorded by continuous
mowing and weighing from the recorded area.
Grain quality was determined according to
generally accepted methods [10]. The statistical
difference of the data was determined using a
one-factor ANOVA analysis with the subsequent
calculation of Fisher’s test at p<0,05.

Research results and discussion. The
application of various chemical amendments and
fertilizers can create variations in the growing
environment for winter wheat plants. These
factors significantly impact plant nutrition,
ultimately affecting crop yields [11].

Research has shown that applying mineral
fertilizers at NeoPsoKeo rates without liming can
decrease soil fertility. This decline is caused by
the acidifying effect of these fertilizers, which
deteriorates the soil’s physical and chemical
properties. Consequently, the crop yield obtained
with NeoPsoKeo without liming (2,62 t/ha) was
statistically similar to the yield achieved with the
natural fertility of sod-podzolic soil (Table 1).

Liming significantly increased crop producti-
vity compared to both the control and the background.
However, different rates of lime provided different
yield increases in both absolute and relative units.
The use of 0.5 CaCOs; on the NeoPsoKso back-
ground contributed to a 29.4 % increase in yield
compared to the background. Further increase in
the lime rate provided a statistically significant
difference in yield only at 1.5 CaCO:.

The yield increase compared to the control
was 1,08 t/ha or 40,8 %. When applying
2,0 CaCOs, grain yield decreases compared
to the previous variant.
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1. Average yield of winter wheat in crop rotation at different norms of lime on sod-podzolic soil

Treatments Grain yield, Yield to control ratio
t/ha t/ha %
Control (without fertilizers) 2,65 — —
NeoPsoKeo — background 2,62 -0,3 —
Background + 0,5 CaCO; 3,39 0,74 27,9
Background + 1,0 CaCOs 3,54 0,89 33,6
Background + 1,5 CaCOs 3,73 1,08 40,8
Background + 2,0 CaCOs 3,59 0,89 35,5
LSDos 0,13

Gospodarenko G. and O. Karnaukh [12] explain
this by the occurrence of microelements due to the
increased amount of calcium that enters the soil with
limestone material. Excessive amounts of calcium
supplied with a high rate of lime can reduce the
availability of a number of nutrients for plants, which
causes their deficiency in crop nutrition, especially
when their content in the soil is low.

Liming of soddy-podzolic soil affected the qua-
lity indicators of winter wheat products (Table 2).

Important technological indicators of wheat
grain quality that affect the milling and baking
properties of the grain are the weight of 1000
grains, the nature of the grain, and the protein
content. The weight of 1000 grains is to a
greater extent a genetic trait of the wheat variety.
In the experiment, this criterion ranged from
37,0-39,1 g. Depending on the norm, liming
increased the weight of 1000 grains compared
to the background by 3,8-7,9 relative %. The
highest absolute weight index was obtained under
the application of 2,0 rates of CaCO; — 39,9 g.
It should be noted that there was no statistical
difference between the weight of 1000 grains in
the variants with 1,0 and 1,5 norms of lime.

It was determined that the application of
0,5-2,0 lime norms decreased the actual grain
weight by 0,7-2,0 %, which was within the error
of the experiment. This is due to the formation
of a larger number of grains, which become less
filled. A significant decrease in the natural weight
was obtained against the background of mineral

fertilization compared to the control and variants
with lime.

The protein content of wheat grain is
significantly affected by the level of nitrogen
nutrition. In the experiment the introduction of
NeoPsoKeo contributed to an increase in protein
content by 0,5 absolute % compared to the
control. Compared to the background, 1,0 and
2,0 norms of CaCOs had a significant effect on
increasing the protein content, while at a 1,5 Hh,
norms this quality indicator decreased, which
may be due to growth dilution for the formation
of the highest grain yield in this variant.

Prospects for further research should focus
on optimizing crop nutrition conditions to further
increase winter wheat yield and grain quality.
This could involve improving the soil nutrient
profile and identifying economically viable
fertilizer application norms.

Conclusions. When growing winter wheat on
sod-podzolic soil with a medium acid reaction
of the soil solution, liming is a prerequisite for
increasing crop productivity. Based on the results
obtained, the application of 1,5 norms of CaCO;
on the background of NePsoKeo resulted in
3,73 t/ha of winter wheat grain. However, taking
into account the quality indicators, the best option
should be considered the use of 1,0 norm of
CaCO:; established by the hydrolytic acidity of the
soil, which contributes to grain yield at the level
of 3,54 t/ha and an increase in protein content in
grain by 6,8 % compared to the background.

2. Average quality indicators of winter wheat grain in crop rotation at different norms of lime

on sod-podzolic soil

Treatments 100? grain Grain nature, g/l | Protein content, %
weight, g
Control (without fertilizers) 38,4 750 11,8
NesoPsoKeo — background 37,0 720 12,3
Background + 0,5 CaCO:s 38,4 745 12,1
Background + 1,0 CaCO:s 39,2 740 12,6
Background + 1,5 CaCO:s 39,2 735 12,2
Background + 2,0 CaCO:s 39,9 735 12,5
LSDos 0,27 13,6 0,18
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PEAKLISI YPOXKAMHOCTI TA SIKOCTI IMIIEHUII O3UMOI
HA PI3HI HOPMHU BAITHA HA JEPHOBO-MIJ30JUCTOMY IPYHTI
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Anomauia. O3uma nuweHuys AK cmpameciyHa Kyibmypa nompedye cmadiibHoi npoOyKmMueHOCHI,
AKOI MOdICHA Oocsiemu auute 3a0080abHAOYU 1T nompedu 01 pocmy ma POo36UMKY, O0COOIUBO U000
Jcusnenus.  Jlepnoso-niozonucmi IpyHmu, SAKI  3a36udall MAaromv NIOSUWEHY KUCIOMHICMb  [PYHMO-
6020 pO3yUHy 6e3 000amK08020 NOMNUEHHA € MATONPUOAMHUMU O Peanizayii nomeHyiany npooyK-
mueHocmi nuteHuyi o3umoi. OOHIE 13 OCHOBHUX YMO8 (DOPMYBAHHA YPOICAUHOCI Ma SAKOCMI 3epHA
€ CYMICHe 3acmocy8anHs 000pus i 8anHAxkosux mamepianie. Haibinbw wupoxo Ons XiMmiuHoi menio-
payii kucaux pynmie 3acmocogyioms eanuo (CaCQOs), npome HeoOXiOHUM € BUSHAYEHHA U020 ONMu-
MAnbHOI HOpMU, OCODIUBO Y NOEOHAHI 3 MIHEPANbHUMU 00Opusamu. Buxionuii nokaznux epynmy pHxa 4,8
i eioponimuyna xucnomuicmo 2,3 mmonv/100 2 tpynmy. Memor 0ocniodxicens 6y10 6CmaHOSUmMU GNIUG
0,5-2,0 003 6anHa 8u3HaAUEHUX 30 NOKAZHUKOM IOpoaimuunol kuciomuocmi ipyumy (He, mmonws/100 e ipynmy)
Y NOEOHAHHI 3 BHECEHHAM NOMIPHOT HOpMU MiHepatbHux 000pus NsoPsKs. Memoou docrioscens: nonvosutl,
JabopamopHuti, po3paxyHKoeull, CMamucmuyHull, y3azaivhents. Pezynemamu docniodcens nokasanu, ujo
HAUHUINCUA YPOHCALIHICTNG 3ePHA NULeHUYT 03UMOI Y 00Cioi ompumana y Koumpoai ma 3a enecertst NeoPsoKso
be3 eannysanns. 3acmocysants Ha ¢ori NeoPsoKso 6anna y pisnux HOpmMax cnpusiio ni0GUWeHHIO YPodicali-
rHocmi 3epua Ha 0,74—0,89 m/2a 6i0HOCHO KOHMPOTIO, Kpawoio Yy ybomy sionouwienni oyna 1,5 nopmu CaCOs
3a He. Buecenns 2,0 nopmu CaCOs cnpuyununo cmamucmuyme 3nudicerns ypooicatinocmi na 0,14 m/ea
(p=<0,05). Bannysarus maxoxc 6NIUHYI0 HA OCHOBHI NOKAZHUKU AKOCMI 3epHa nueHuyi o3umoi. ITiosuwyenns
gionocHo xonmponio ecmanosneno oas macu 1000 3epen i emicmy 6inka, mooi AK Hamypna maca 3epHa
sHu3unaca. Haibinbw onmumansHuM i3 Yypaxye8aHHAM NOKA3HUKIE AKOCTI 3epHa Y 00CHiOi 8USHAHO 6apiaHm
snecennsi 1,0 nopmu CaCOs ecmanosnenoi 3a cioponimuynoro kuciomuicmio rpyumy Ha goui NsoPsoKso i3
ypoorcatinicmio 3,54 m/ea 3epna nuwenuyi o3umoi i nioguwgenHam emicny oinka y noomy Ha 6,8 % gionocHo
ony.

Kniouosi cnosa: nuwenuys osuma, 6anHyeanHs, MinepaibHi 000pusa, ypodcatinicms, 6i10K, Hamypa 3epua,
maca 3epen
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