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Abstract. The article presents the results of field studies on the impact of mineral fertilizer, liming,
application of sulfur-containing fertilizer and microelements on the yield and economic efficiency of
growing crops on a sod-podzolic soil. The study was conducted in a stationary experiment of the Institute
of Agriculture of Western Polissya in the following crop rotation: winter wheat, corn, spring barley, winter
rapeseed. Limestone materials (dolomite and limestone flour) were applied in doses determined by the
magnitude of hydrolytic acidity (Hh, mmol/100 g of soil) before the experiment was started, recommended
doses of mineral fertilizers were applied to the crops annually, and foliar feeding with the micronutrient
“Nutrivan Plus” was carried out. It has been established that the productivity of crops on this type of
soil largely depends on the degree of its agrochemical conditions. The use of mineral fertilizer (NPK)
alone provided limited yield increase, while the combination of fertilizers with liming with dolomite flour
contributed to a significant increase in crop productivity. The highest yield (4.00 t/ha) and economic return
(9.2 thousand UAH/ha) in winter wheat crop was ensured by the integrated use of NPK, dolomite flour
(1.0 Hh), sulfur (S,), and micronutrient fertilizers. For corn and winter rapeseed, the highest yield (9.04
and 2.94 t/ha) and profit (29.2 and 33.5 thousand UAH/ha), respectively, were obtained with the application
of 1.5 Hh CaMg(CO,),. It has been proven that growing crops without fertilizer or only with NPK is
economically unprofitable. The obtained results confirm the feasibility of using an integrated system of
fertilization and land reclamation on acidic soils to ensure sustainable agricultural production.

Keywords: chemical land reclamation, sulfur fertilizers, mineral fertilizers, yield, economic efficiency,
sod-podzolic soils

Relevance of the research. The problem of
soil fertility remains relevant at present. One of
the main indicators of the level of soil fertility
is the reaction of soil solution, on which the
formation of high yields depends.

If chemical land reclamation is ignored,
0.6—1.8 million tons of agricultural units of crop
production on acidic soils are annually lost. Gross
yields of winter wheat, spring barley, and winter
rapeseed are reduced the most. According to the
research performed by the Institute of Agriculture
of Western Polissya, positive changes occurring
in sod-podzolic soils under the influence of
liming contribute to an increase in crop rotation’s
productivity by 24-42 %.

Aspecific feature of acidic soils is the inhibition
ofroot system growth and microbiological activity
in root-containing layer; the accumulation of
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mobile forms of aluminum, iron, and manganese
harmful to plants; the deterioration of physical
parameters; insufficient nutritional regime [1, 2].

Based on the above-mentioned, it is relevant
to study the possibilities of optimizing the
conditions of crop nutrition in crop rotations on
sod-podzolic soils by improving the soil using
crop fertilization systems and chemical land
reclamation.

Analysis of recent research and publica-
tions. Violation of the laws of agriculture can lead
to a stable dynamics of a decrease in the level of
soil fertility, especially its humus condition — the
main criterion for assessing its fertility [3, 4]. The
most vulnerable to this is the territory of Polissya,
where sod-podzolic soils of light texture are
widespread, which is due to the predominance of
the podzolic soil formation process in this zone.
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They are characterized by low nutrient and
organic matter content, and an acidic soil reaction.
Sod-podzolic soils were formed mainly on sandy
and sandy loam basis, in conditions of a rather
humid climate and hilly-ridged relief. This
entire complex of characteristics determines low
natural fertility of sod-podzolic soils. Looking for
approaches to increase the fertility of such soils
is an important scientific and practical task, the
solution of which determines the effectiveness of
agricultural production in humid regions [5, 6].
The main direction of increasing their fertility
is chemical and structural land reclamation,
fertilizers, which are primarily aimed at
improving the agrophysical, agrochemical, and
physicochemical properties of the soil [7, 8].

The results of long-term studies have found
out that for the most of the crops cultivating in
the Polissya and Forest-Steppe zones of Ukraine,
the optimal reaction of soil solution is within the
pHyq range of 5.6-7.0 [4, 9]. It is practically
impossible to achieve this level of soil reaction
in natural conditions without liming. Therefore,
environmentally safe and economically feasible
agricultural use of these soils requires chemical
reclamation and the application of fertilizers
[10, 11]. Research conducted by the Institute of
Agriculture of Western Polissya has established
optimal doses of limestone, organic and mineral
fertilizers in crop rotations on sod-podzolic soils,
which ensure a productivity of 55—60 centners of
feed units per hectare of crop rotation area.

The studies of a number of domestic and
foreign researchers [6, 11-14] have proven that
effective liming with doses within 0.5-1.5 Hh
(hydrolytic acidity) provides optimal conditions
for crops growth, significantly reduces the
mobility of toxic forms of aluminum, the excess
of which on acidic soils can suppress the root
system and reduce yield by 20-50 % [12, 13].

In addition to chemical land reclamation,
the effective use of sod-podzolic soils requires
an integrated approach, which also includes
the application of organic and mineral
fertilizers, micronutrients, and sulfur-containing
compounds [14, 15]. In particular, sulfur is an
important element in plant protein metabolism,
and micronutrients (zinc, boron, manganese,
copper, etc.) increase the resistance of crops to
stress factors, activate enzymatic processes,
and contribute to better absorption of essential
nutrients [1, 15]. The results of scientific
researches show that supplementing background
doses of mineral fertilizers with foliar application
of micronutrients ensures increasing in crops
productivity in various soil and climatic
conditions [16, 17].

However, the problem of modern agriculture
is the steady decrease trend in the use of organic
fertilizers, the deficiency of sulfur, calcium, and
magnesium as the primary causes of low fertility
of sod-podzolic soils. Therefore, the combined use
of dolomite flour, sulfur-containing and microferti-
lizers deserves special attention, which will allow
not only to effectively regulate soil acidity, but also
to ensure balanced nutrition for crops, improve the
physicochemical properties of soil environment and
increase yield in the long term.

The aim of the study was to determine the
effect of different forms and doses of chemical
ameliorants in combination with fertilizers on
the yield and economic efficiency of growing
agricultural crops on a sod-podzolic soil in the
conditions of Western Polissya.

Materials and research methods. The field
studies were conducted in a stationary experiment
of the Institute of Agriculture of Western Polissya
of NAAS in a short crop rotation on sod-podzolic
soil. The crop rotation was as follows: winter
wheat, corn, spring barley, winter rapeseed.
The technology of growing agricultural crops
is generally accepted for the Polissya zone.
Protection from pests, diseases, and weeds was
carried out using intensive technology.

Mineral fertilizers were applied in recom-
mended doses: NP, K, for winter wheat,
NiPoKiyy for corn for grain, N, PyK,, for
spring barley, N,,(PyK,,, for winter rapeseed
in the form of ammonium nitrate, ammophos,
potassium chloride. Chemical ameliorants —
dolomite (CaMg(CQ,),) and limestone (CaCO;)
flours — were applied before the establishment
of the stationary experiment according to the
experiment scheme in doses calculated by
the hydrolytic acidity index of the soil (Hh,
mmol/100 g of soil): 0.5-1.5 Hh.

The foliar fertilization of crops with
microfertilizers “Nutrivant Plus Cereal” and
“Nutrivant Oilseed” (2 kg/ha) were carried out in
the phases of spring tillering and emergence into
the tube of winter wheat, in the phase of 4-5 and
6-8 leaves for corn, in the phase of tillering and
emergence into the tube for spring barley, and in
the phase of spring rosette and the beginning of
budding for winter rapeseed.

The harvest was recorded by plots, by
continuous weighing of the obtained harvest
with subsequent conversion to per area units.
Statistical processing of the obtained research
results was carried out by the ANOVA variance
analysis method using the computer programs
Microsoft Office Excel, and Statistica 10.0.

Weather conditions over the years of research
indicate that this period was characterized by an
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increase in the average monthly air temperature
and sharp fluctuations in the amount and intensity
of precipitation. Quite often, long droughts were
replaced by rains, which negatively affected the
processes of plant growth, development, and the
formation of an appropriate level of winter wheat
productivity.

Despite the change in temperature and humidity
regimes, weather conditions for crops in the
Western region were close to average long-term
values, which led to the formation of relatively
high-yield crops production on sod-podzolic soils.

Research results and their discussion.
It has been found out that the yield of agricul-

(a1

tural crops on sod-podzolic soils largely depends
on the degree of their amelioration, which
includes the complex impact of several factors:
mineral fertilizer (NPK), liming, application of
sulfur-containing fertilizer and micronutrients.
Thus, in the variant without applying any of
these measures (control), the average crop yield
was for winter wheat — 1.29 t/ha, for corn —
4.05 t/ha, for spring barley — 1.39 t/ha, and
for winter rapeseed — 0.85 t/ha. These results
indicate low productivity of sod-podzolic soils
without liming and mineral nutrition, because of
their high acidity, weak buffering capacity, and
nutrient deficiency [2, 5, 7].

1. Productivity of crops in the rotation depending on fertilizer and doses of chemical ameliorants,

average for 2016-2020, t/ha

. . . Winter
Winter wheat | Corn for grain | Spring barley rapeseed
0 [ J— [ J— [ J— [ J—
Option < :o: S = :Q: ° = :°: e = :§ e
2 g | .2 g | .2 o= | 2 o =
- =2 o - =2 o > = o > 2 8
H 9 H ] H ] H ]
Without fertilizers — control 1.29 — 4.05 - 1.39 - 0.85 -
NPK - background 232 | 1.03 | 506 | 1.01 | 243 | 1.04 | 1.34 | 049
Background +
CaMg(CO,), (0,5 H,) 313 | 1.84 | 6.73 | 2.68 | 3.19 | 1.80 | 1.95 | 1.10
Background +
CaMg(CO,), (1,0 H,) 3.61 | 232 | 753 | 348 | 3.71 | 232 | 230 | 145
Background +
CaMg(CO,), (1,0 H,) + S, 3.80 | 251 | 792 | 3.87 | 3.87 | 248 | 256 | 1.71
Background +
CaMg(CO;), (1,0 H,) + Sy, + 400 | 271 | 840 | 435 | 398 | 2.59 | 2.66 | 1.81
micronutrient
Background +
CaMg(CO,), (1,5 H,) 390 | 261 | 9.04 | 499 | 4.08 | 2.69 | 294 | 2.09
Background + CaCO; 338 | 209 | 741 | 336 | 3.57 | 218 | 222 | 1.37
(1,0H,)
HIP,, 0.13 0.47 0.14 0.11
The application of mineral fertilizers Significant improvement in crop yields was

(NPK) as an independent agricultural tool
contributed to a statistically significant increase
in the yield by 0,49-1,04 t/ha, depending on
the crop. However, even with a positive impact
on productivity, this effect was insufficient,
and unilateral fertilizer application without
land reclamation could deepen the processes
of the acidification of soil solution [11, 13].
This is confirmed by the level of crop yield
after liming, which is consistent with previous
scientific results of the Institute [4].
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achieved when combining NPK with liming
with dolomite flour in doses of 0.5-1.5 Hh. The
results show that for all crops, yield increases
were statistically significant both relative to the
background (NPK) and between each subsequent
applied dose of dolomite flour (0.5; 1.0; 1.5 Hh),
which was confirmed by the HIP; criterion.
The highest increases in comparison with the
background were provided by the dose of 1.5 Hh:
winter wheat—+1.68 t/ha, corn—+3.34 t/ha, spring
barley — +1.55 t/ha, winter rapeseed — +1.60 t/ha.
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A comparative assessment of the effect of
a dose of 1,0 Hh CaCO, and CaMg(CO,), on the
background of mineral fertilizer according to the
HIP,s index showed the advantage of the latter
for winter wheat (+0.23 t/ha) and spring barley
(+0.14 t/ha). The effectiveness of dolomite flour
in growing cereals is explained by the content of
not only calcium, but also magnesium — a key
mesoelement that participates in photosynthesis,
protein synthesis, and metabolism regulation in
plants. In the cases with corn and winter rapeseed,
atrend towards increased yield was also observed.
Improvement in mineral nutrition conditions,
especially on soils with magnesium deficiency,
provided an additional increase in yield by 2—7 %
compared to the limestone flour option, which
emphasizes the higher agrochemical efficiency of
dolomite in fertilization systems on sod-podzolic
soils.

The greatest synergistic effect on crop yields
when applying dolomite flour in a dose of
1,0 Hh was observed with the combined impact
of NPK, sulfur-containing fertilizer (S,,), and
foliar feeding with micronutrients. In variants
with their simultaneous use, the yield of winter
wheat increased up to 4.00 t/ha, of corn — up
to 8.40 t/ha, of spring barley — up to 3.98 t/ha,
and of winter rapeseed — up to 2.66 t/ha. This
represented significant increases compared to
the “Background + CaMg(CO,), 1.0 Hh” option
for all crops. However, they were insignificant
or lower compared to the “Background +
CaMg(CO,), 1,5 Hh” option.

At the same time, it is worth distinguishing
between the impact of sulfur and micronutrient

fertilizers. Adding only S,, to NPK and
CaMg(CO;), (1.0 Hh) provided significant
increases for winter wheat (+0.19 t/ha), spring
barley (+0.16 t/a), and winter rapeseed
(+0.26 t/ha). While a significant additional effect
of microfertilizer (compared to the option without
it) was established for wheat (+0.20 t/ha) and corn
(+0.48 t/ha). Therefore, the multifactorial effect
of the combination of liming, NPK, sulfur, and
microelements proved to be the most effective.
This indicates that the agrochemical effect was
not formed by the isolated influence of individual
factors, but through their synergistic effect, which
is consistent with the other results [4, 10, 13, 15].

In the modern conditions of a market economy,
the determining factor in the feasibility of using
agrotechnical methods for crops growing is
their economic efficiency. The choice of optimal
technological options should be based not only on
yield indicators, but also on a systematic analysis
of the impact of technology elements on crops
productivity, the quality of the resulting products,
and the level of their production costs [17].

In order to substantiate the most effective
combination of agricultural measures taken for
the study, the economic efficiency of fertilizer and
chemical land reclamation options was calculated
using 2024 prices. It was found out that the cost
of the resulting products changed similarly to the
yields level, demonstrating a clear relationship
between agricultural measures and financial
indicators (Table 2).

Conducted economic assessment of the
efficiency of crops growing on the sod-podzolic soil
with the application of different doses of chemical

2. Indicators of economic efficiency of agricultural crops growing depending on different doses
of liming on the background of fertilization on the sod-podzolic soil, average for 20162020,

thousand UAH/ha
Winter Corn Spring Winter
wheat for grain barley rapeseed
= = = =
Option E '2 7)) E 'g 7)) E '2 7)) E 'g 7))
22 8| B2 | RS | 28| 82 | 22| =2
SZ|Es|3Z|ES|SL| &8 |8 g8
S| = © | = S| = S| =
() (P} (] (]
Without fertilizers — control 103 | 152 | 304 | 30.5 | 11.1 145 | 179 | 19.8
NPK — background 18.6 | 21.2 | 38.0 | 379 | 194 | 20.6 | 28.1 | 27.2
Background + CaMg(CO,), (0,5 H,) 25.0 | 21.5 | 50.5 | 382 | 255 | 21.0 | 41.0 | 275
Background + CaMg(CO), (1,0 H,) 28.9 | 219 | 56.5 | 38.6 | 29.7 | 21.3 | 483 | 27.9
Background + CaMg(CO,),(1,0H,) +S,, | 30.4 | 22.2 | 59.4 [ 38.9 | 31.0 | 21.6 | 53.8 | 282
Background + CaMg(CO), (LOH)*+ | 35 | 258 | 630 | 395 | 31.8 | 22.3 | 559 | 28.8
S,, + micronutrient
Background + CaMg(CO,), (1,5 H,) 312 | 222 | 67.8 [ 386 | 32.6 | 21.7 | 61.7 | 283
ﬁagk}%r;’“nd +CaCo, 270 | 21.6 | 55.6 | 383 | 28.6 | 21.0 | 46.6 | 27.6
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ameliorants on the background of fertilization
showed that is a profitable measure. The highest
conditional net profit of 9.2 thousand UAH/ha for
winter wheat was provided by the application of
1.0 dose of Hh CaMg(CO;), on the background of
Ni2PeoKoo + Sy + microfertilizer (Fig. 1).

The use of 1,5 doses of Hh CaMg(CO;), on
the background of NPK contributed to both an
increase in the yield of com for grain, spring
barley, and winter rapeseed, and the economic
efficiency of their cultivation with a conditional
net profit of 29.2 thousand UAH, 11.0 thousand
UAH, and 33.5 thousand UAH, respectively.

On average, the costs of agricultural crops
growing for the crop rotation amounted to
20.0-28.4 thousand UAH/ha, and the conditional

(@]

net profit for different doses of chemical
ameliorants on the background of fertilization
was within 8.4-20.7 thousand UAH/ha (Fig. 2).

Crops growing on the sod-podzolic soil
without fertilizer and chemical melioration and
against the background of fertilization in the
average for the crop rotation turned out to be
economically unprofitable with the loss amounted
up to 2.6 thousand UAH/ha and 0.7 thousand
UAH/ha, respectively.

Conclusions. On the sod-podzolic soils of
Western Polissya, the application of only mineral
fertilizers (NPK) withoutliming provides alimited
increase in crops yields (0.49—1.04 t/ha), which
indicates the low efficiency of such approach on
acidic soils.

Winter
rapeseed

—

Spring barley .

—=

Corn for graink

Winter wheat |

——=

~Background + CaCO3
(1,0 Hg)

@ Background + CaMg(CO3)2 (1,5 Hg)

g Background + CaMg(C03)2 (1,0 Hg) +
S40 + micronutrient

& Background + CaMg(C03)2 (1,0 Hg) +
S40

& Background + CaMg(CO3)2 (1,0 Hg)
Background + CaMg(CO3)2 (0,5 Hg)
7INPK - background

[ Without fertilizers - control

-5 0 5 10 15 20

25

30 35

Fig. 1. Conditional net profit for agricultural crops growing depending on different doses
of liming on the background of fertilization on the sod-podzolic soil, average for 2016-2020,

thousand UAH/ha
50,0 48,3
43,6
40,0 39,4
30,0 27.4 27,7 28,4 7,7
20,0 — — =
20,0 4 — — —
] = = =
0,0 2, = = E =
Will+ad NPK - Background + Background + Background+ Background+ Background+ Background +
fertilizers - background CaMg(Cc03)2 CaMg(C03)2 CaMg(C03)2 CaMg(C03)2 CaMg(C03)2 CaCo3
-10,0 control (0,5 Hg) (1,0 Hg) (1,0 Hg) + S40 (1,0 Hg) + 540 + (1,5 Hg) (1,0 Hg)
micronutrient
Cost of yield E= Cultivation costs ——Conditional net profit

Fig. 2. Economic efficiency of crops growing depending on different doses of liming
on the background of fertilization on the sod-podzolic soil, on average per the crop rotation
(2016-2020), thousand UAH/ha
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The liming with dolomite flour in doses of
0.5-1.5 Hh in combination with NPK contributes
to a significant increase in the yields of all crops in
the rotation. The additional application of sulfur
(S4) during liming (1.0 Hh CaMg(CO;),) and
NPK fertilization provided a significant increase
inyield for winter wheat, spring barley, and winter
rapeseed. The addition of the microfertilizer
“Nutrivant Plus Cereal” proved to be effective
for winter wheat and corn, which emphasizes the
feasibility of a differentiated approach to their use
depending on the crop, especially in conditions
of chemical soil reclamation.

The highest agronomic efficiency for winter
wheat was provided by the combination of NPK,

dolomiteflour (1,0 Hh), sulfur-containing fertilizer
(S40), and foliar feeding with microelements. This
approach made it possible to increase the crop
yield up to 4.00 t/ha and increase the conditional
net profit up to 9.2 thousand UAH/ha.

In the case of corn for grain, winter rapeseed,
and spring barley, the highest yields were
achieved with the combined application of 1.5 Hh
CaMg(CO;), and NPK. Economic analysis
showed the highest profitability of this option
for corn (29.2 thousand UAH/ha) and winter
rapeseed (33.5 thousand UAH/ha). Therefore,
complex agrochemical technology for acidic
soils is not only an agronomically effective, but
also economically feasible measure.

Conflicts of interest: the authors declare no conflict of interest.
Use of artificial intelligence: the authors confirm that they did not use artificial intelligence
technologies during the creation of this work.
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Anomauin. Y cmammi npedcmagneno pe3yibmamu noibo8ux OOCIIONCEHb U000 GNIUEY MIHEPATbHOZ0 YO0O-
PEHHS, 8ANHYB8AHHSA, BHECEHHA CIPKOBMICHO20 000OpUBa ma MIKpOeieMeHmié Ha 8PONCALIHICMYb | eKOHOMIUHY
eghexmugnicmo GUPOWYBAHHSA CINLCLKO2OCNOOAPCHKUX KYIbMYP HA 0ePHOBO-NIO301UCMOMY IpyHmi. Jlocnio
nposedeHo y cmayionapHomy 00cnioi Incmumymy cinbcvkoeo eocnooapemea 3axionoeo Ilonices y ciso3miHi:
nueHuYsl 03uma, KyKypyosa, siuMineb sputl, pinak osumuil. Banuskosi mamepianu (Oonomimoge ma 6anHs-
KoBe GOPOWIHO) BHOCUTU Y 003AX BUSHAYEHUX 3d GEIUUHONW 2ioponimuunol kuciomuocmi (He, mmons/100
2 IpyHmy) nepeod 3aKkiaoKo 00CHidy, WOPIUHO Ni0 KVIbMypu 6HOCUTU PEKOMEHOOBAHI 003U MIHEePATbHUX
000pu6 ma npoeooUIU NO3AKOPEHesl NiddICUseH s MIKpooobpusom «Hympisan nmocy. Yemarnoeneno, wo
NPOOYKMUBHICTL KYI6IYP HA YbOMY MUNI IPYHMIE 3HAYHOIO MIPOIO 3ANeXHCUMb 8i0 CYNEeHs 1020 aspoxi-
MIYHO20 OKYIbMYpeHHA. 3acmocysanHs auuie MinepanvHozo yoobpeuns (NPK) 3abesneuuno odomedxncene
3DOCIMAHHSL 8PONCANIHOCHI, MOOi SIK NOEOHAHHSL 00OPUS 13 BANHYBAHHIM OO0LOMIMOBUM OOPOUIHOM CHNPUSLIO
00CMOGIPHOMY NIOBUWEeHHIO nPodyKmuerHocmi Kyiemyp. Hatieuwyy epooicatinicms (4,00 m/ea) i exonomiuny
sidoauy (9,2 muc. epr/ea) y nocieax nueruyi o3umoi 3a6e3neuuno komniekcHe sacmocysaris NPK, dono-
Mmimogoeo 6opowna (1,0 He), cipxu (S,,) ma mikpooobpuea. [{ns KyKypyO3u ma pinaxy o3umo2o Haubiibuly
ypooxrcatinicmys (9,04 i 2,94 m/ea) i npudymox (29,2 i 33,5 muc. epu/ea) 8i0no8ioHo ompumaro 3a 6Hecerts 1,5
He CaMg(CO;),. Hosedeno, wjo supowyeanus Kyiomyp oe3 y0oopens abo auute 3a ¢ony NPK € exonomiuno
36umxosum. Ompumani pe3yiomamu RiOMEePOANCyIoms OOYIIbHICHb 3ACMOCYBANHSL IHMeZPOSAHOT cucmemu
VOObpenis il Meniopayii Ha KUCIUX IpyHmax 0715 3a6e3nedents Cmaio2o azposupooHuymad.

Knrouoei cnosa: ximiuna meniopayis, cipkoemicHi 0obpusa, minepaibHe YOOOPEHHS, 8poXtcAll-
HICMb, EKOHOMIUHA eh)eKmMUBHICMb
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