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Crop yield, as well as crop rotation productivity in general, is an integral indicator of soil
fertility, and its level is determined by a complex combination of soil, biological, and weather
factors, the crop fertilization system, and the set and scheme of crop rotation. Among the
components of agricultural management systems, a leading role is played by the crop rotation
system, which is based on scientific principles. The effectiveness of various crop rotations depends
on the saturation with grain, technical, and fodder crops.

Ecological fertilization systems, such as plant residues, micronutrients, humus, and
microbiological fertilizers, involve adherence to natural biological laws, including the
accumulation of organic matter, enhancement of microbiological activity, and increased
availability of nutrients for agricultural crops.

Recently, there has been a need to provide the population with protein. Significant attention
has been focused on soybean cultivation. It is a high-yielding crop, and its yield potential largely
depends on the choice of predecessor. Research on soybean cultivation in monocultures and the
possibility of different degrees of saturation of crop rotations with this crop in our region has not
been conducted.

Therefore, there is a need to develop new schemes that differ from previous ones in terms of
higher saturation of crop rotations with high-yielding crops, a wide range of doses and ratios of
essential nutrients in the fertilization system of intensive grain crop rotations with short rotations.
A real and effective way to halt the degradation of chernozem soils is the purposeful use of
by-products of crop production (straw from cereal and leguminous crops, corn and sunflower
stalks) as fertilizers, combined with other intensification factors.

The results of our research have shown that under dry vegetation conditions, especially for
late-maturing crops, the fertilization system had the most significant impact on crop rotation
productivity. The most significant increases in grain units yield, feed units, and digestible protein
were observed using the organic-mineral fertilization system. Higher rainfall and moderate air
temperatures neutralized the effect of fertilizers and increased the influence of the crop rotation
factor on productivity.

Among the studied crop rotation models, the highest productivity for grain units (5.45 t/ha),
feed units (5.85 t/ha), and digestible protein (0.74 t/ha) was observed in the variant using the
organic-mineral fertilization system in a grain-fallow-row crop rotation with up to 20 % soybean
saturation.

Key words: soybean saturation in crop rotation, productivity, fertilization systems, short
rotation crop rotations, crop rotation factor.

Coxkonoscexa 1. M., Mawenko FO.B. Ilpodykmuenicms KOpomKo-pomayiiHux cieo3min 3
DI3HUM HACUYUEHHAM COEI0 3A1€)HCHO 8i0 cucmemu yOoOpeHHs

VYpoorcatinicmo cinbcvroeocnooapcbkux Kynvmyp, K i npoOyKMuUHICmy Ci603MIHU 8 YiNoMY),
BUCMYNAE THMESPATLHUM NOKAZHUKOM eekmugnoi poorodocmi IpyHmy, a ii pieeHb GusHaua-
€MbCA CKAAOHUM NOEOHAHHAM Y020 KOMNIIEKCY TPYHMOBUX, OI0N02I4HUX | NO20OHUX (hakmopis,
CUCMEMOI0 YOOOPEHHSA KYIbNYp, HAOOPOM ma cxemor uepey8anns ix y cieosamini. Ceped ckiado-
BUX CUCMEM 8e0eHHs CiIbCbKO20 20CN00apcmea yilbhe micye 3aumae cucmema 3emiepoocmaa,
20JI06HOI0 JIAHKOIO AKOI € HAYKOBO 0OIpYHmMosana cieosmina. EgexmusHnicms pisHopomayitiHux
CIBO3MIH 3a1€XHCUMb 610 HACUYEHHS 3ePHOBUMU, MEXHIYHUMU MAd KOPMOSUMU KVIIbIMYPAMU.
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Exonoeizosani cucmemu y0OOpenHs: POCIUHHI pemKu, MIiKpoOoopusea, 2yMycHi i MiKpo-
bionoeiuni dobpusa, nepedbauaiomvs OOMPUMAHHS NPUPOOHUX DOIONOIYHUX 3AKOHIE, a came
HA2POMAONCEHHS OPSAHIYHOT PEUOBUHU, NOCUTIEHHS MIKDPOOION02IYHOT aKMUBHOCHI, NIOBULYEHHS
00CMYNHOCMI eIeMenmi6 HCUBLEHHS Ol CLIbCOKO2OCHOOAPCLKUX KYIbIYP.

B ocmanniti uac eunukaa nompeba y 3abesnevenui nacerenna oinkom. Benuxa ysaeca eoc-
nooapcma 30cepedcena Ha supowyeanti coi. Ile sucoxonpubymrosa Kyiemypa, il nomenyian
Ypoodicaro 8 3HaYHItl MIpi 3anexcums 6i0 6UOOPY nonepeoHurd. J{oCiioiceH s CIoCco8HO BUPOLYY-
6aHHS COI' Y Oe33MIHHUX NOCIBAX MA MONCIUBOCMI PIZHO20 CIMYNEHIO HACUYEHHS CIBO3MIH OAHOI0
KYIbMYPOIO 8 HAUIOMY Pe2iOHT He NPOGOOUT.

Omorce, sunukae nompeda po3poodKu HOBUX cXeM, 5Ki GIOPI3HAIOMbCS 810 NONEPeOHix Oinbuu
BUCOKUM CTHYNEeHeM HACUYEHHS CIB03MiH 8UCOKONPOOYKMUBHUMU KYTbMYPAMU, WUPOKUM diana-
30HOM 003 | CNIBBIOHOUIEHb OCHOBHUX €/LeMEHMIB JHCUBTICHHS 68 CUCMeMI YOOOPeHHS THMEHC UG-
HOI' 3epHOB0I Ci603MIHU 3 KOpOMKOIO pomayiero. PeanvHuil i egheKmusHUll WIAX NPU3YNUHEHHS!
dezpadayii HOpHO3eMie — YLNeCHPIMOB8aHe BUKOPUCIAHHS 8 SKOCMI 000pu8 noOiuHol npooyKyii
POCTUHHUYMEA (CONOMA 31AKO8UX | 60008UX Kyibmyp, cmebna KyKypyosu ma COHAWHUKY) ma
cudepamie y NOEOHAHHI 3 THUUUMU YUHHUKAMU [HMEHCUDIKayii.

3a pezynbmamamu npoedeHux 00Cai0HceHb 6CMAHOBIEHO, WO 8 NOCYULTUBUX YMOBAX NePIody
secemayii, 0COONUBO NIZHLOCMULIUX KVILIYD, HAUOLIbUL ICMOMHO HA NPOOYKMUBHICIb CIBO3MIH
enaugana cucmema yooopenns. Binbuumu npubasku 6podtcaio 3epHOGUX, KOPMOBUX 0OUHUYb MA
nepempasHo2o npomeiny Oyiu 3a OP2aHO-MIHEPAIbHOL cucmemu y0oobpenus. binvwa xintokicme
onaodie ma nomipHi memnepamypu nogimpsi Hieenoganu 0ito 006pue ma 36bWULU 6NIUE CiBO-
BMIHHO20 (hakmopy Ha NPOOYKMUBHICIb CIBO3MIH.

Cepeo docnioxcysanux mooeneti Cie03MiH 8UWa NPOOYKMUBHICb 3d 3ePHOBUMU OOUHUYAMU
(5,45 m/ea), kopmosumu oounuyamu (5,85 m/za) ma nepempasnum npomeinom (0,74 m/za) 6yra
YV eapianmi 3a O0peaHO-MIHepanbHOI cucmemu YOOOPEHHA V 3epHO-NApO-NPOCANHIN CIBO3MIHI
3 HacuyenHam coeio 0o 20 %.

Kniouogi cnosa: nacuuenns cigoaminu co€io, npooyKmueHicmy, cucmemu yOOOpeHHsl, cieo-
3MIHU KOPOMKOIL pomayii, Ci603MIHHUL akmop.

Problem statement. The basis of the modern farming system is crop rotation. When
it is properly applied, it optimally utilizes land, fertilizers, and new varieties and hybrids
better realize their genetic potential, reduces weediness, decreases the impact of pests
and diseases with minimal use of chemical agents. Rational use of natural and agro-
technical resources positively affects the environment, allows for increased agricultural
production, and reduces costs [8].

In the conditions of intensive and competitive agriculture, there is a need to reduce
the rotation period of crops in crop rotations. More and more producers are growing
crops in repeated plantings and enriching short-rotation crop rotations with economi-
cally advantageous crops, reducing their list in the structure of crop rotation. Therefore,
it is important to implement scientifically grounded crop rotations with the saturation of
grain, leguminous, and oilseed crops, including corn, soybeans, wheat, and sunflowers,
taking into account organizational and natural-climatic conditions in farming today.

Analysis of recent research and publications. The reduction of the range of culti-
vated crops, the creation of smaller farms, and the narrowing of farm specialization do
not allow for diverse crop rotations. Therefore, short-rotation crop rotations are relevant
today. Moreover, with the advent of new technologies, modern equipment, varieties and
hybrids, fertilizers, and plant protection products, the negative impact of continuous
cropping can be significantly reduced [13, 15].

The introduction of short-rotation crop rotations does not compromise the agronomic
effectiveness of crop rotation factors and may even enhance economic measures such
as variety renewal, changes in soil cultivation technologies, and so on. The structure of
short-rotation crop rotations is determined by farm specialization, zonal soil-climatic
conditions, and market conditions [2, 15, 16].

According to many researchers, the saturation of crop rotations with leguminous
crops, particularly soybeans, ensures increased crop yield and improved quality.
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Furthermore, these crops contribute to the improvement of biological processes in the
soil due to the activity of nitrogen-fixing bacteria and crop residues. This allows sub-
sequent crops in the rotation to utilize less soluble nutrients such as phosphorus and
potassium [4, 5, 6, 9, 10, 14].

The implementation of short-rotation soybean crop rotations and the use of crop
residues as fertilizer in combination with mineral fertilizers are important issues in
agriculture.

The value of individual agricultural crops is usually assessed based on their yield and
economic value, but it is crucial to evaluate the entire crop rotation cycle based on the
included crops to demonstrate the productivity and economic efficiency of crop rotation [3].

To realize the yield potential and productivity of agricultural crops, it is necessary to
consider their biological characteristics, cultivation technology requirements, and their
relationship within the crop rotation to ensure maximum yield digestible protein, grain
units, feed units, and to maintain or even improve soil fertility [12].

The value of soybeans as a preceding crop lies in their biological nitrogen fixation
from the air at a level of up to 90-120 kg/ha. A certain portion of biologically fixed
nitrogen from soybeans remains in the soil. Therefore, this crop is a good precursor for
most cereal crops. In short-rotation crop rotations, given the agronomic and economic
role of soybeans, priority should be given to this grain legume. Properly planned crop
rotation has many advantages, one of which is increased field productivity. Addition-
ally, crop rotation is a very important and effective tool for comprehensive pest and
disease control. By interrupting the life cycles of pests and diseases, we can prevent the
accumulation of certain diseases characteristic of soybeans and reduce the number of
soybean-specific weeds [1, 7,9, 17].

Furthermore, including high-biomass agricultural crops in crop rotations and increas-
ing their productivity can help reduce organic carbon losses and increase soil fertility.
The effectiveness of crop rotation in preventing soil degradation can also be assessed
directly by determining changes in soil properties over time.

Thus, the transition from long-rotation to short-rotation crop rotations in each spe-
cific case needs to be addressed primarily based on soil-ecological factors. Real, stable
increases in agricultural production, guaranteed food supply, and creating the best living
conditions for people can only be achieved through reliable soil protection and preser-
vation and improvement of its fertility.

The aim of the research. To investigate the impact of crop rotation factors and fer-
tilization systems on the productivity of short-rotation crop rotations and monoculture
cultivation of agricultural crops in the conditions of the northern Steppe of Ukraine.

Research methodology. The main method of research is field and laboratory-field
studies. Field studies were conducted during 2019-2023 in the fields of the Institute of
Agriculture of the Steppe NAAS. The experiment was conducted using the method of
randomized block design, with each crop rotation being a separate block.

A stationary experiment was established in 2005 on plots with uniform natural fer-
tility and relief after spring barley. The degree of soil contamination, where the field
studies were conducted, is high, corresponding to the conditions of the northern part of
the Ukrainian Steppe.

The technology of growing agricultural crops in crop rotations is generally accepted
for the zone, except for the methods under study.

Factor A is the crop rotation: 1. Saturation of crop rotation with soy (Zlatoslava
variety) at 100 %. 2. Grain-row crop rotation, soybean saturation up to 60 %, crop alter-
nation: soybean (Zlatoslava variety); winter wheat (Oranta Odessa variety); soybean
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(Zlatoslava variety); corn for grain (DK Veles hybrid); soybean (Zlatoslava variety).
3. Grain-row crop rotation, soybean saturation at 40 %, crop alternation: soybean (Zla-
toslava variety); winter wheat (Oranta Odessa variety); soybean (Zlatoslava variety);
corn for grain (DK Veles hybrid); buckwheat (Yaroslavna variety). 4. Grain-fallow-row
crop rotation, saturated with soybean at 20 %, crop alternation: fallow and cultivated
fallow; winter wheat (Oranta Odessa variety); soybean (Zlatoslava variety); corn for
grain (DK Veles hybrid); sunflower (LG 50510). Peas are sown in the cultivated fallow.

Factor B. Fertilization systems: 1. Without fertilizers; 2. Mineral fertilization system
(fertilizer rates calculated according to the fertilization system for each crop and field in
the crop rotation); 3. Organic-mineral (mineral fertilizers according to the fertilization
system and by-products of the predecessor). The fertilization system was designed so
that on average for each crop in the fertilizer treatments, N, P, K, was applied, without
violating the recommended fertilizer rates for the research area.

The climatic conditions of the Institute of Agriculture of the Steppe NAAS are typi-
cal for the northern Ukrainian Steppe with a moderate continental climate.

The formation of agricultural crop productivity during 2019-2020 occurred under
dry conditions. The hydrothermal coefficient from May to September 2019 was 0.67,
and in 2020 — 0.75. However, due to very uneven rainfall distribution in the summer
months, the hydrothermal coefficient in 2019 fluctuated within 0.26-0.84, and due
to a more severe summer drought in 2020 — 0.13-0.52. The average air temperature
exceeded the norm by 4.2°, reaching 21.8°C, and the sum of effective air temperatures
above +10°C was 1802°C, with a sum of active (above +10°C) temperatures — 3332°C,
which is 637°C higher than the norm.

The most favorable weather conditions (by the hydrothermal coefficient) were in
2021. In May and June, GTC was 1.68, in August — 1.18, in September — 1.59. Over the
period from May to September, it was 1.37, which is 0.37 higher than normal.

The hydrothermal coefficient for late spring crops in 2022 was 0.84 (normal is 1.0).
The weather conditions in 2023 were generally dry and not sufficiently favorable for
achieving high yield and productivity

Thus, the weather conditions during the years of research were not sufficiently
favorable for achieving high indicators of crop rotation productivity

The presentation of the main material of the research. The results of the five-
year study focused on the productivity indicators of crop rotations that were formed in
the conditions of 2019. This year was characterized as moderately dry, but due to the
uneven distribution of precipitation in the spring and especially in the summer months,
spring of late cultures plants had the opportunity to actively use soil moisture and lay
the potential for productivity.

The complex of weather-climatic and soil conditions in 2019 leveled the effect of
the crop rotation factor over the years of the study. The difference in yield grain units in
different crop rotations averaged 0.04-0.64 t/ha, with slightly higher values in the crop
rotation with 20 % soybean saturation (Fig. 1).

The fertilization system had a more significant impact on crop rotation productivity
in 2019. Moreover, it should be noted that its effectiveness differed in crop rotations
depending on their structure. In monoculture and with 60 % soybean saturation, under
the mineral fertilization system, the yield of grain units was almost the same, 5.06 t’ha
and 5.09 t/ha. Mineral fertilizers most effectively contributed to increasing crop rotation
productivity with a 40 % soybean share, +0.71 t/ha (4.78 t/ha) grain units, although the
highest indicator was in the crop rotation with 20% crop saturation, 5.31 t/ha, but the
yield increment was only 0.46 t/ha.
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Fig. 1. Yield grain units in different crop rotations over the years of the study, t/ha

The highest grain unit yield in this year was obtained under the organic-mineral
fertilization system in all crop rotations we studied. The highest indicator was in the
crop rotation with 20 % soybean saturation, 5.86 t/ha. An increase in the soybean share
in the crop rotation structure led to a decrease in crop rotation productivity in terms of
grain unit yield and the lowest yield was in the crop rotation with 40 % crop saturation,
5.08 t/ha.

The weather conditions in 2020 were most critical, especially for late grain crops.
The grain unit yield in crop rotations ranged from 1.50-2.98 t/ha, the lowest over the
five years of the study. This year, there was a continuation of trends observed regarding
the factors we studied. The crop rotation factor had a smaller impact on productivity
compared to the previous year, with a yield increase of 0.02-0.44 t/ha depending on the
crop rotation. For soybean cultivation in monoculture, it averaged 2.01 t/ha, while with
60 % saturation — 2.45 t/ha, 40 % — 2.65 t/ha, and 20 % — 2.63 t/ha grain unit. The most
significant difference was between the productivity indicators of monoculture and crop
rotation with 60 % soybean saturation, 0.44 t/ha, and between crop rotations with 60 %,
40 %, and 20 % saturation — 0.20 t/ha and 0.02 t/ha, respectively.

The highest grain unit yield in crop rotations with different soybean saturation levels
was obtained under the organic-mineral fertilization system, 2.33-2.89 t/ha. The yield
increment was 0.92-1.28 t/ha.

Under more favorable weather conditions in 2021-2023, the effect of the crop rota-
tion factor increased, and the impact of the fertilization system decreased. There was a
very clear trend towards increasing grain yield with a decrease in the soybean share in
the crop rotation structure. The most significant difference between these indicators was
between monoculture and crop rotation with 60 % soybean saturation, 2.3 t/ha. How-
ever, with further decreasing soybean share in the crop rotation, the difference between
grain yield indicators became less significant, and the highest productivity was charac-
terized by a crop rotation with 20 % crop saturation, 5.56 t/ha, 5.42 t/ha, and 5.40 t/ha
in 2021, 2022, and 2023 respectively.
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The yield increment of grain units due to the fertilization system factor was lower
than that due to the crop rotation factor, ranging from 0.22-1.50 t/ha. The organic-min-
eral fertilization system had a more significant impact on crop rotation productivity;
increment the yield of grain units was 1.03-1.50 t/ha, and with a decrease in the soy-
bean share in the crop rotation, grain unit yield increased. The highest indicators were
obtained in a crop rotation with a 20% crop saturation; 6.35 t/ha, 6.12 t/ha, and 6.02 t/ha
in 2021, 2022, and 2023 respectively.

According to the results of five years of research, we observed the same trend in
terms of feed unit formation. In 2019, the feed unit yield in soybean monoculture was
lower by only 0.50 t/ha (average indicator of crop rotation 5.04 t/ha) compared to crop
rotations with less crop saturation (Figure 2).

105 w7
LR 657 67B
g 5. 52 021 au 65
“s,u SEAREY 858 oo 7 '-W? .9 2y
5.55 10 S g 5% 5,61,
soz 519 51 5.8¢] |
% s el | ! 4950 s, u Piid t
4356 } ‘
e \ | J \ o
Kl 3% s
2,92 % ‘ : 98 N
192 “,)l lIJ } ‘ it !
1,91 1,9 1
36
l!& i L | | o JI | | B |
g 'e ! ] ] 1 ;- 1 )
1 £ i i i i ] i i i
¥ z ‘ .i H £ k] : € ¥ £
i i { i | {
A
| 3 | & | & | & | 9| |[&[§] |&]

| Soy monoculure, 100 % | Graintow, soy sluralion 0% | Grainrow, soy seluretion 40%  Greln lallow row, soy saluration 20% |
8019 S0 21 W22 V23

Fig. 2. Feed units yield in different crop rotations over the years of research, t/ha

The difference between the productivity indicators of crop rotations, where soybean
made up 60 %, 40 %, and 20 %, was only 0.06-0.13 t/ha. Without fertilization, feed unit
yields were 4.54 t/ha, 5.01 t/ha, 5.61 t/ha, and 5.19 t/ha in crop rotations with 100 %,
60 %, 40 %, and 20 % soybean saturation, respectively

In the conditions of 2020, the feed units yield ranged from 1.36 to 3.30 t/ha, the low-
est for all years of our research. In this year, the factor that had the greatest influence on
feed units yield was the fertilization system. Under the mineral-fertilization system in
crop rotations with 100 %, 60 %, 40 %, and 20 % saturation with soy, yields of 2.00 t/ha,
3.31 t/ha, 3.54 t/ha, and 3.30 t/ha were obtained, respectively. The most productive crop
rotation was where soybean made up 40 %, but the yield increase due to the fertilization
system was highest in the crop rotation with 60 % crop saturation, +1.07 t/ha.

Under the mineral fertilization system, the feed units yield was slightly lower at
1.82 t/ha, 2.95 t/ha, 3.35 t/ha, and 2.98 t/ha in crop rotations with 100 %, 60 %, 40 %,
and 20 % soybean saturation, respectively. Due to the crop rotation factor, the most sig-
nificant difference in feed units yield was between crop rotations with 100 % and 60 %
soybean saturation, at 0.66 t/ha. Further reduction in the share of the crop in the crop
rotation resulted in changes in this indicator within the range of 0.05-0.48 t/ha.

More favorable conditions for crop vegetation in 2021-2023 increased the impact of
the crop rotation factor. The largest difference in feed units yield was also between crop
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rotations with 100 % and 60 % soybean saturation, at 3.11 t/ha. As the share of soybean
in the crop rotation structure decreased to 40 % and 20 %, the increase in crop rotation
productivity was within the range of 0.06-0.69 t/ha. The most productive crop rotation
in 2021 was with 20 % soybean saturation, yielding 5.11 t/ha; in 2022 — 60 %, yielding
5.55 t/ha; and in 2023 — 40 %, yielding 5.32 t/ha.

Higher feed units yield was obtained under the organo-mineral fertilization system,
and in 2021, the highest indicator was in the crop rotation with 20 % soybean saturation
(6.42 t/ha), in 2022 — 60 % (7.05 t/ha), and in 2023 — 40 % (6.85 t/ha).

It should be noted that the highest yield digestible protein units over the years
of research was obtained in monoculture soybeans in 2019, at 0.85 t/ha. The differ-
ence between fertilization systems in this variant was 0.09-0.16 t/ha, with the highest
indicator under the organo-mineral system, at 0.93 t/ha. A decrease in the share of
soybeans in the crop rotation structure led to a decrease in their productivity, with
the lowest yield digestible protein units being in crop rotations with 40 % soybean
saturation, at 0.52 t/ha.

The application of mineral fertilizers contributed to an increase in protein yield by
0.09-0.19 t/ha. However, as the share of soybeans decreased in the crop rotation, the
productivity of crop rotations also decreased under the influence of mineral fertilizers;
in crop rotations with 100 % crop saturation, yield digestible protein units amounted to
0.86 t/ha, while for 60 % it was 0.70 t/ha, for 40 % — 0.61 t/ha, and for 20 % — 0.74 t/ha
(Figure 3).
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Fig. 3. Yield digestible protein units in different crop rotations over the years
of research, t/ha

The highest yield digestible protein units in 2019 was obtained under the orga-
no-mineral fertilization system, at 0.93 t/ha for soybean cultivation in monoculture. In
crop rotations where the share of the crop decreased from 60 % to 20 %, the application
of mineral fertilizers with organic residues from the previous crop led to a decrease in
crop rotation productivity; with 60 % saturation, 0.79 t/ha was obtained, with 40 % —
0.64 t/ha, and with 20 % — 0.85 t/ha of crude protein.

In 2020, the indicators of crop rotation productivity for protein yield were the lowest
in the years of research, at 0.27-0.40 t/ha, but crop rotations with 60 % (0.24 t/ha) and
40 % (0.26 t/ha) soybean saturation also yielded less than monoculture soybean, which
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produced 0.27 t/ha of protein. Only the crop rotation in which soybean occupied one
field out of five exceeded other crop rotations in this indicator, at 0.31 t/ha of crude
protein.

The use of mineral fertilization systems increased the yield digestible protein units
in crop rotations compared to the variant without fertilizers by 0.4-0.9 t/ha, and the least
effective mineral fertilizers were used by crops in crop rotation with 20 % soy satura-
tion. However, reducing the share of soybeans in the crop rotations structure neutralized
the effect of mineral fertilizers, leading to a decrease in protein yield: 0.36 t/ha was
obtained in monoculture, and in crop rotations with 60% saturation — 0.33 t/ha, 40 % —
0.32 t/ha, and 20 % — 0.34 t/ha.

Under the organo-mineral fertilization system, the highest digestible protein yield
was obtained, at 0.36-0.40 t/ha, with the highest indicator in a crop rotation with 20 %
soybean saturation.

In other years of research, which were wetter with moderate temperatures, there
was a tendency towards increased crop rotation productivity in terms of yield digestible
protein units with a decrease in the share of soybeans in their structure, and the crop
rotation factor was also enhanced.

The highest protein yield without the use of fertilizers was in a crop rotation with
20 % soybean saturation, in 2021 —0.67 t/ha, 2022 — 0.62 t/ha, and 2023 — 0.59 t/ha. The
increase in protein yield due to the crop rotation factor was 0.17-0.29 t/ha.

Under the mineral fertilization system, the increase in crop rotation productivity
ranged from 0.03-0.10 t/ha, and in 2022 and 2023, the most productive crop rotations
were those with 40 % soybean saturation, yielding 6.78 t/ha and 6.85 t/ha of protein,
respectively. In 2021, the highest protein yield was obtained in a crop rotation where
soybeans accounted for 60 % of the structure, at 5.88 t/ha.

The highest productivity of the crop rotations we studied in 2021-2023 was under
the organo-mineral fertilization system. In 2021, the highest yield digestible protein
units was obtained in a crop rotation with 20 % soybean saturation — 0.42 t/ha, in 2022 —
60 %, 7.05 t/ha, and in 2023 — 6.85 t/ha.

On average, over five years of our research, the most significant effect of crop rota-
tion on crop productivity was demonstrated. Although the highest productivity indica-
tors were achieved using the organic-mineral fertilization system, the yield increases in
grain units, feed units, and digestible protein were most significant due to the effect of
crop rotation.

For example, reducing the proportion of soybeans in the crop rotation structure
increased the productivity of the crop rotation in terms of grain unit’s yield. If a mono-
culture yielded 2.58 t/ha, then removing one, two, or three soybean fields from the crop
rotation increased this figure to 4.30 tons/ha. The increase grain units was 1.27 t/ha
(49.2 %), 1.21 t/ha (46.9 %), and 1.71 t/ha (66.4 %) for soybean saturation of 60 %,
40 %, and 20 %, respectively.

It should be noted that the greatest effect of crop rotation was observed when one
field with a 20 % soybean share was used in the crop rotation (Table 1).

Furthermore, a crop rotation with 40 % soybean saturation (3.79 t/ha) slightly lagged
behind in grain units yield compared to the crop rotation with 60 % soybean saturation
(3.85 t/ha). Despite the insignificant difference, the crop rotation with 60 % soybean
saturation was more productive.

The application of mineral fertilizers increased the productivity of crop rotations
in terms of grain units yield with the highest yield achieved in the crop rotation with
20 % soybean saturation, at 4.86 t/ha. However, the most effective was the mineral
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fertilization system in crop rotations with 60 % and 40 % soybean saturation structures,
resulting in a yield increase of +0.83 tons/ha (21.5 %) and 0.77 t/ha (20.3 %), respec-
tively, LSD ;= 0,30 t/ha.

Table 1
Productivity indicators for grain units yield of different short-rotational crop
rotations depending on fertilization systems

Crop rotation, Fertilizer system, Average for Difference | Difference
factor A factor B 2019-2023 factor A | factorB
ttha | % |tha| %
S It Without fertilizer 2,58 - - - -
18(3)’ ;}wnocu ure, Mineral 2,99 — | = Toa1 158
0
Organic-mineral 3,46 - - 0,87 | 33,8
Grai Without fertilizer 3,85 1,27 | 49,2 — —
rain-row, soy Mineral 4,68 1,69 | 56,6 | 0,83 [ 21,5
saturation 60% ; ;
Organic-mineral 5,09 1,63 | 47,3 | 1,24 | 32,1
Grai Without fertilizer 3,79 1,21 | 46,9 - -
rain-row, soy Mineral 4,57 1,58 | 52,7 10,77 [ 203
saturation 40% - -
Organic-mineral 4,86 1,41 | 40,7 | 1,07 | 28,1
Grain-fall Without fertilizer 4,30 1,71 | 66,4 - -
ramn-talowsTow, '\ fineral 486 1,88 | 62,7057 133
soy saturation 20% ——
Organic-mineral 5,45 1,99 | 57,7 | 1,15 | 26,8
LSD,.: Factor A = 0,32; Factor B = 0,28; Factors AB = 0,63

The highest grain units yield collection was obtained by applying mineral fer-
tilizers in combination with the residues of the previous crop, with the highest indi-
cator observed in the crop rotation with 20 % soybean saturation, at 5.45 t/ha. The
yield increases due to the action of the organic-mineral fertilization system ranged
0.87-1.24 t/ha (33.8-26.8 %). However, as the proportion of soybeans in the crop rota-
tion structure decreased, the effectiveness of this fertilization system decreased, result-
ing in the highest yield increase in soybean monoculture, +33.8 %.

Reducing the proportion of soybeans in the crop rotation structure also had a pos-
itive effect on yield of feed units. The most significant difference in this indicator was
observed between soybean monoculture (2.22 t/ha) and other crop rotations (4.55 t/ha —
60 % soybeans, 4.64 t/ha — 40 % soybeans, 4.72 t’/ha — 20 % soybeans) — a difference of
2.33-2.20 t/ha, while among crop rotations with less saturated cultures, the difference
was within the significant range — 0.08-0.09 t/ha, LSD ;= 0,34 t/ha (Table 2).

The use of mineral fertilization systems increased feed units yield from the crop
rotations we studied. The highest indicator was observed in crop rotations with 40 %
soybean saturation (5.55 tons/ha) and 60 % (5.44 tons/ha), resulting in a yield increase
of 0.91 tons/ha (19.7 %) and 0.89 tons/ha (19.6 %), respectively, without significant
differences between the productivity of these crop rotations. The least effective action
of the mineral fertilization system was observed in the crop rotation with 20 % soybean
saturation, resulting in a +12.4 % yield increase.

The highest feed units yield was obtained by using the organic-mineral fertilization
system in all crop rotations. However, it was interesting to note that the productivity of
feed units in crop rotations with 60 %, 40 %, and 20 % soybean saturation was the same,
at 5.85-5.86 t/ha, which was twice as much as the productivity of soybean monoculture,
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where 2.98 t/ha were obtained. Nevertheless, despite this fact, the most effective use
of organic-mineral fertilization was in soybean monoculture, with a 34.0 % increase in
feed unit yield, while in other crop rotations, this indicator was lower at 23.9-28.7 %
with a decrease in the proportion of soybeans in the rotation structure.

Table 2
Productivity indicators for feed units yield of different short-rotational crop
rotations depending on fertilization systems

. . Difference Difference
Crop rotation, Fertilizer system, Average for
factor A factor B 20192023 | lactorA factor B
cto cto i tha | % | 1/ra | tha
S It Without fertilizer 2,22 - - - —
1(‘% ;20“0"“ Y% Mineral 2,58 — — 036 | 160
Organic-mineral 2,98 — — 0,75 34,0
Grai Without fertilizer 4,55 2,33 | 104,6 - -
rain-row, soy Mineral 5,44 2,86 | 1109 | 0,89 | 19,6
saturation 60% - -
Organic-mineral 5,85 2,88 96,7 1,31 28,7
Grai Without fertilizer 4,64 2,41 | 108,7 - -
rain-row, soy Mineral 5,55 2,97 | 1152 ] 091 | 19,7
saturation 40% - ;
Organic-mineral 5,86 2,88 96,8 1,22 | 26,4
Grain-fall Without fertilizer 4,72 2,50 | 112,4 - -
FN-TaloOW=TOW, 'y rieral 5,30 2,72 [ 1057 0,58 | 12,4
soy saturation 20% ——
Organic-mineral 5,85 2,87 96,4 1,13 23,9
LSD,.: Factor A = 0,34; Factor B = 0,30; Factors AB = 0,68

There was no significant difference found in yield digestible protein digestible pro-
tein between soybean monoculture (0.44 t/ha) and crop rotations with 40 % soybean
saturation (0.46 t/ha), and rotations with 60 % (0.49 t/ha) and 40 % (0.46 t/ha). The
highest yield and increase digestible protein were obtained in the crop rotation with
20 % soybean saturation, at 0.57 t/ha (Table 3).

The application of mineral fertilizers to crop rotations increased their productivity,
with the highest yield digestible protein observed in the crop rotation with 20 % soybean
saturation, at 0.65 t/ha. However, the most effective action of fertilizers was observed in
the crop rotation with 60 % soybean saturation, resulting in a yield increase of 0.12 t/ha
(19.36 t/ha) for protein. Growing soybeans in monoculture through the application of
mineral fertilizers resulted in a protein yield of 0.51 t/ha, an increase of 0.07 t/ha com-
pared to the variant without fertilizer application.

The organic-mineral fertilization system provided the highest yield digestible
protein in our studies. Using organic fertilizers together with the nutrient resi-
dues, soybean monoculture and crop rotation with 40 % crop saturation formed an
equal protein yield of 0.58 t/ha and 0.59 t/ha, with no significant difference found.
A higher figure was obtained in the crop rotation where one field was occupied by
soybeans, at 0.74 t/ha. However, this fertilization system was most effective in the
crop rotation with 60 % soybean saturation, resulting in an increase of 0.18 t/ha
protein (26.9 %).
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Table 3
Productivity indicators for yield digestible protein of different short-rotational
crop rotations depending on fertilization systems

Diff Diff
Crop rotation, Fertilizer system, Average for merence perenee
factor A factor B 20192023 | actor A factor B
acto acto tha | % | mra | tha
S It Without fertilizer 0,44 - - - -
1(‘)’3 (‘;ZOHOC“ WS 'Mineral 0,51 — — 007 | 137
Organic-mineral 0,58 - - 0,14 | 24,1
Grai Without fertilizer 0,49 0,05 | 10,2 - -
Fain-row, soy Mineral 0,61 0,10 | 164 | 0,12 | 197
saturation 60% ——
Organic-mineral 0,67 0,09 | 134 | 0,18 | 26,9
Grai Without fertilizer 0,46 0,02 4.4 - -
Fain-row, soy Mineral 0,55 004 | 73 | 009 | 164
saturation 40% - -
Organic-mineral 0,59 0,01 1,7 0,13 | 22,0
Grain-fall Without fertilizer 0,57 0,13 | 22,8 — —
sorals“;t;‘ra‘t)i‘g;lr%%/ Mineral 0,65 0,14 | 21,5 | 0,08 | 12,3
0
Y Organic-mineral 0,74 0,16 | 21,6 | 0,17 | 23,0
LSD,.: Factor A = 0,04; Factor B = 0,04; Factors AB = 0,09

Conclusions. Thus, under dry vegetation conditions, especially for late-repining
crops, the fertilization system had the most significant impact on crop rotation produc-
tivity. The most significant increases in grain units, fed units, and digestible protein were
observed using the organic-mineral fertilization system.

Higher rainfall and moderate air temperatures neutralized the effect of fertilizers and
increased the influence of the crop rotation factor on productivity.

Among the studied crop rotation models, the highest productivity for grain units
(5.45 tons/ha), feed units (5.85 tons/ha), and digestible protein (0.74 tons/ha) was
observed in the variant using the organic-mineral fertilization system in a grain-fallow-
row crop rotation with up to 20 % soybean saturation.
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