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Problem statement. Improving the soybean
fertilization system and enhancing its cultivation technology
in short-rotation crop rotations through optimization of
organic and mineral nutrition is a significant and relevant
issue in modern agriculture. Currently, the response of
modern soybean varieties to the complex application of
different types of fertilizers in various soil-climatic zones of
Ukraine, especially considering rapid climate changes, is
insufficiently studied.

Analysis of recent research and publications.
Soybean is one of the most important leguminous crops in
the world, providing the majority of protein and oil needs.
As a strategic crop, it has quickly become part of global
agriculture. In terms of economic indicators, soybean culti-
vation surpasses other crops in this group, and the constant
demand for soybeans requires further improvement of its
productivity [1, 3, 7, 10].

Important elements in soybean cultivation technology
include optimizing the choice of predecessor and agro-
nomic conditions, particularly the fertilizer system. Long-
term studies on the crop demonstrate that soybean is quite
demanding in these factors.

According to some researchers, the best predecessors
for soybean are winter and spring cereal crops, corn for
green fodder and silage. The main argument is that there
is sufficient time for tillage or sowing cover crops after their
harvest [12].

Repeated crops, especially in new growing regions and
for consecutive years, contribute to increased soybean
yield as a result of increased rhizobial bacteria population
in the soil, improvement of its physical condition, nutrient
regime, and weed control [9, 11, 13].

In recent years, the use of crop residues as a source
of nutrients has been popularized. Due to reduced manure
and organic fertilizer application, it is necessary to return
plant residues to the soil to preserve its structure and
prevent fertility decline. The impact of crop residues from
previous crops on soybean yield has been the subject of
research for many years. According to some researchers,
plowing corn residues contributed to an increase in soy-
bean yield by approximately 11.69%, resulting in an annual
yield increase ranging from 2.89% to 15.94%.

Soybean is a crop that is most commonly used in crop
rotation with corn, which provides advantages in rotation
and increases its productivity by an average of 7.8%. Corn
produces a large amount of crop residues, which should
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be chopped and incorporated into the soil during autumn
primary tillage [4, 5].

Unlike other major agricultural crops, soybean nutrition
is specific. This crop consumes more nutrients than other
grains, unevenly absorbs nutrients during vegetation, is
capable of nitrogen fixation from the air, and utilizes solu-
ble compounds of phosphorus and potassium from the soil.
Therefore, scientific justification for the use of cultivation
technology measures that aim to increase yield and seed
quality in specific soil-climatic conditions and contribute to
the improvement of soybean production quality obtained
from the harvest is of great importance [2, 6, 8].

Objective. To establish the dependence of soybean
productivity on different predecessors and fertilizer systems
in short-rotation crop rotations.

Object of research. Predecessors and fertilizer system.

Materials and methods of research. The research
methods included field and laboratory-field experiments.

Field experiments were conducted from 2013 to 2022 at
the Institute of Agriculture of the Steppe NAAS.

The soybean varieties Medea (2013-2020) and
Zlatoslava (2021-2022) were grown in in short-rotation crop
rotations with varying soybean saturation. The grain-row
crop rotation with up to 40% soybean saturation included
such the alternation of cultures: 1. Soybean; 2. Winter
wheat; 3. Soybean; 4. Corn for grain; 5. Buckwheat. The
grain-row crop rotation with up to 60% soybean saturation:
1. Soybean; 2. Winter wheat; 3. Soybean; 4. Corn for grain;
5. Soybean.

Soybean was sown from the third decade of April to the
end of the first decade of May, depending on the weather
conditions of the research year. The sowing rate was
800 thousand seeds per hectare. The organic-mineral fer-
tilizer system used the by-products of the predecessor with
mineral fertilizers at a rate of N,,P,,K,,, while the mineral
system used only the specified amount of fertilizers.

The general soybean cultivation technology included
primary soil tillage, which began with two-time harrow-
ing of stubble. The first harrowing was done to a depth of
6—8 cm, and the second harrowing was done to a depth of
8—-10 cm, 2—-3 weeks after the first harrowing (when weeds
appeared).

In autumn, deep plowing was carried out to a depth of
25-27 cm, which ensured loosening, turnover, and mixing
of the plow layer, and allowed the incorporation of crop res-
idues, fertilizers, as well as weed seeds and seedlings.
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Pre-sowing soil preparation consisted of spring harrow-
ing with heavy-toothed harrows and cultivation to a depth of
5-8 cm. Before pre-sowing cultivation, a soil herbicide was
applied against annual grasses and broadleaf weeds. Crop
care included post-sowing thinning and inter-row treat-
ments of wide-row soybean plantings, if necessary. Pest
and disease control was carried out according to existing
recommendations in the region.

The experiments were conducted according to the
methodology of field research.

Favorable weather conditions for achieving yields rang-
ing from 2.26 to 2.75 t/ha were observed during the research
period in 2013, 2015, 2016, 2019, and 2021. Unfavorable
conditions (soybean yield below 2.0 t/ha) were observed in
2014, 2017, 2018, and 2022. Adverse weather conditions
(soybean yield below 1.0 t/ha) were observed in 2020.

Research results. According to the results of the con-
ducted ten-year research, it was established that on average,
soybean yield was 2.05 t/ha after corn for grain, 2.09 t/ha after
buckwheat, and 2.07 t/ha after soybean (Table 1).

Thus, comparing the effects of predecessors, it was
found that soybean yield did not depend on the specified
factor. Only a tendency was observed that repeated crops
resulted in lower yields and after buckwheat — slightly
higher yields.

Also, soybean yield for cultivation with different prede-
cessors, relative to the fertilization system, was almost at
the same level and only a tendency regarding insignificant
increase or decrease in yield under different fertilization
systems was observed.

Under the conditions of soybean cultivation after corn in
the background of mineral and organo-mineral fertilization
systems, compared to the variant without fertilizers, signif-
icant yield increases were established, which amounted to
0.21 t/ha (11.3%) and 0.37 t/ha (20.1%) respectively. Also,
a significant difference in yield relative to the variant without
fertilizer application was obtained when using the mineral

fertilization system — 0.26 t/ha or 14.1% and organo-min-
eral — 0.35 t/ha or 18.7% for repeated soybean cultivation
in a grain-row crop rotation.

It was found that growing soybeans after buckwheat
allowed for the highest significant yield increases depend-
ing on the fertilizer system factor. The yield increase relative
to the variant without fertilizers for the mineral fertilization
system was 0.36 t/ha (19.9%) and for the organo-mineral
system — 0.45 t/ha (24.9%).

Therefore, growing soybeans with different predeces-
sors did not have a significant impact on its yield, however,
the use of mineral and organo-mineral fertilization sys-
tems contributed to significant yield increases compared
to the unfertilized variant. The highest yield increases
were observed in soybean plants after buckwheat, which,
compared to the variant without fertilizers, amounted to
0.36 t/ha (19.9%) for the mineral fertilization system and
0.45 t/ha (24.9%) for the organo-mineral fertilization system.

Analysis of recent research and publications on the
influence of predecessors on soybean productivity show
that the highest yield of this crop is obtained when it is
grown after corn. Additionally, repeated crops lead to a
decrease in soybean potential.

Our research has found that yield of grain units from
growing soybeans after different predecessors, such as
corn for grain, buckwheat, and soybean itself, was within
a significant difference. It should be noted that after buck-
wheat, the average yield was slightly higher at 3.93 t/ha.
Repeated crops of soybeans on the same field also did not
decrease its productivity, with yield of grain units’ output of
3.89 t/ha (Table 2).

Our research has demonstrated a significant influence
of fertilization systems on crop productivity in the condi-
tions of the northern Steppe. The highest grain units yield
was obtained with the organo-mineral fertilization system
after the predecessor buckwheat, at 4.27 t/ha, with a yield
increase of 0.85 t/ha or 24.9%. Our research has demon-

Table 1
Soybean yield depending on predecessors and fertilization system
Difference from . . -
Predecessor, . Average for the predecessor, Difference in fertilizer
factor A Fertilizer system, factor B 2013-2022 corn for grain (factor A) systems (factor B)
t/ha % t/ha %
Without fertilizer 1,85 - - - -
Corn for grain Mineral 2,06 - - 0,21 11,3
Organic-mineral 2,23 - - 0,37 20,1
Average 2,05 - - - —
Without fertilizer 1,82 -0,03 -1,7 - —
Buckwheat Mineral 2,18 0,12 6,3 0,36 19,9
Organic-mineral 2,27 0,05 2,2 0,45 24,9
Average 2,09 — - — —
Without fertilizer 1,86 0,01 0,5 - —
Soybean Mineral 2,13 0,06 3,1 0,26 14,1
Organic-mineral 2,21 -0,01 -0,6 0,35 18,7
Average 2,07 - - - -
Factor A 0,13 - - - -
LSDy Factor B 0,12 — — — —
Factors AB 0,27 - - - -
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Table 2
Yield of grain units soybean depending on the predecessors and fertilizer system (2013-2022)
Difference from the Difference
Predecessor, Fertilizer system, factor B Average for predec_essor, in fertilizer systems
factor A ’ 2013-2022 corn for grain (factor A) (factor B)
t/ha % t/ha %
Without fertilizer 3,48 - - - -
Corn for grain Mineral 3,88 - - 0,39 1,3
Organic-mineral 4,18 - - 0,70 20,1
Average 3,85 — - — -
Without fertilizer 3,42 -0,07 -1,7 - -
Buckwheat Mineral 4,10 0,22 6,3 0,68 19,9
Organic-mineral 4,27 0,08 2,2 0,85 24,9
Average 3,93 - — - -
Without fertilizer 3,50 0,02 0,5 - -
Soybean Mineral 4,00 0,12 3,1 0,49 14,1
Organic-mineral 4,16 -0,03 -0,6 0,65 18,7
Average 3,89 - - - —
Factor A 0,25 - - - -
LSDgs Factor B 0,23 - - - -
Factors AB 0,51 - - - -

strated a significant influence of fertilization systems on
crop productivity in the conditions of the northern Steppe.
The highest grain units yield was obtained with the orga-
no-mineral fertilization system after the predecessor buck-
wheat, at 4.27 t/ha, with a yield increase of 0.85 t/ha or
24.9%. Growing soybeans after soybeans resulted in
a slightly lower yield of 4.16 t/ha, and was inferior to the
option where the previous crop was corn for grain, but the
increase in yield was significant (LSD,;=0.23 t/ha).

Using the mineral fertilization system, both after buck-
wheat and after soybeans as predecessors, the yield
of grain units of soybeans was slightly lower. However,
additional production due to the fertilization system was
obtained at 0.68 t/ha (19.9%) and 0.49 t/ha (14.1%) respec-

tively, which significantly exceeded the smallest difference.

The analysis of our data confirmed a similar trend in
nutrient accumulation in soybean plants under the influence
of the factors we studied. The highest feed unit yield was
obtained with the organo-mineral fertilization system after
buckwheat as a predecessor, at 3.68 t/ha. However, the
variation of this indicator based on the predecessor factor
was within the range of LSD,;=0.22 t/ha (Table 3).

The highest increase in feed units yield was obtained
with the organo-mineral fertilization system in the
predecessor buckwheat — 0.73 t/ha or 24.9%. In repeated
crops, this indicator was lower, but no significant difference
was found.

With the mineral fertilization system, a more intensive
accumulation of feed units also occurred in the predecessors
buckwheat and soybean, +0.58 t/ha or 19.9% and

Table 3

Yield of feed units soybean depending on the predecessors and fertilizer system (2013-2022)

Predecessor. Fertilizer system Average for Difference from tl_1e predeces- | Difference in fertilizer
’ ’ sor, corn for grain (factor A) systems (factor B)
factor A factor B 2013-2022
t/ha % t/ha %
Without fertilizer 3,00 — - - -
Corn for grain Mineral 3,34 — — 0,34 11,3
Organic-mineral 3,60 — - 0,60 20,1
Average 3,32 — - - -
Without fertilizer 2,95 -0,06 -1,7 - -
Buckwheat Mineral 3,53 0,19 6,3 0,58 19,9
Organic-mineral 3,68 0,07 2,2 0,73 24,9
Average 3,38 — - - -
Without fertilizer 3,02 0,02 0,5 - —
Soybean Mineral 3,44 0,10 3,1 0,43 14,1
Organic-mineral 3,58 -0,02 -0,6 0,56 18,7
Average 3,35 - - - -
Factor A 0,22 - - - -
LSDgs Factor B 0,20 - - - -
Factors AB 0,44 - - - -
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Table 4
Yield of digestible protein units soybean depending on the predecessors and fertilizer system (2013-2022)
Predecessor. Fertilizer system Average for Difference from t.he predecessor, Difference in fertilizer

factor A ’ factor B ’ 2013-2022 corn for grain (factor A) systems (factor B)

t/ha % t/ha %

Without fertilizer 0,59 - - - -
Corn for grain Mineral 0,66 — — 0,07 11,3
Organic-mineral 0,71 - - 0,12 20,1

Average 0,65 - - - -

Without fertilizer 0,58 -0,01 -1,7 - -
Buckwheat Mineral 0,69 0,03 5,1 0,11 19,9
Organic-mineral 0,72 0,01 2,2 0,14 24,9

Average 0,66 - - - -

Without fertilizer 0,59 0,00 0,5 - -
Soybean Mineral 0,68 0,02 3,1 0,08 14,1
Organic-mineral 0,70 0,00 -0,6 0,11 18,7

Average 0,66 - - - -

Factor A 0,04 - - - -

LSDys Factor B 0,04 - - - -

Factors AB 0,09 - - - -

+0.43 t/ha or 14.1% respectively, but no significant
difference was found for the predecessor factor.

The average indicators of digestible protein output
were at the level of 0.65-0.66 t/ha. A significant increase
in nutrient yield was obtained when growing soybeans with
the organo-mineral fertilization system for all predecessors,
with the highest increase observed for the predecessor
buckwheat — 0.14 t/ha or 24.9% (Table 4).

Thus, the previous crops did not have a significant
impact on the accumulation of nutrients in soybean
plants. However, the application of mineral fertilizers,
especially in combination with nutrient residues from
the previous crop, allowed for significant increases in
yield. The highest yields of grain units, feed units, and
digestible protein were obtained with the organo-mineral
fertilization system in the predecessor buckwheat —
4.27 t/ha, 3.68 t/ha, and 0.72 t/ha respectively. However,
it should be noted that productivity indicators for other
predecessors were within the range of significant difference.

The highest increases in organic matter yield were
also obtained with the organo-mineral fertilization system
in the predecessor buckwheat — 0.85 t/ha (24.9%) grains,
0.73 t/ha (24.9%) feed units, and 0.14 t/ha (24.9%)
digestible protein units.

When growing soybeans after soybeans, harvest of
additional products was at the level of 0.49 t/ha grain units,
0.43 t/ha feed units, and 0.08 t/ha digestible protein units for
the mineral fertilization system, and 0.65 t/ha, 0.56 t/ha, and
0.11 t/hafor the organo-mineral fertilization system respectively.
The productivity of repeated soybean crops was not inferior
to those grown after corn and buckwheat predecessors, with
indicators within the range of significant difference.

Discussion. According to many researchers, corn and
cereals are the best predecessors for soybean cultivation
with high yield and productivity indicators. Our research
has shown that introducing another field of soybeans or
buckwheat into a short rotation crop sequence allows for the
preservation of the crop’s potential. The quantity and quality
of production from successive soybean or buckwheat crops

are not inferior to those harvested from crops with corn
as the predecessor. Additionally, buckwheat is a valuable
predecessor that reduces weediness in fields and improves
the physical properties and phytosanitary condition of
the soil. Besides, including soybeans in crop rotations
contributes to nitrogen accumulation, improvement of soil
structure, and fertility.

Conclusions:

1. Cultivating soybeans after corn, buckwheat, and
soybean predecessors did not have a significant impact on
soybean yield, with only a tendency for lower yields after
repeated soybean cultivation and slightly higher yields after
the buckwheat predecessor.

2. Soybean yield under different predecessors and
fertilization systems was almost at the same level, with
only a slight tendency for yield increase or decrease under
different fertilization systems.

3. The use of mineral and organo-mineral fertilization
systems resulted in significant yield increases compared to
unfertilized variants for all investigated predecessors. The
highest yield increases were observed after the buckwheat
predecessor, with 0.36 t/ha (19.9%) for the mineral
fertilization system and 0.45 t/ha (24.9%) for the organo-
mineral fertilization system.

4. The previous crop did not significantly affect
productivity indicators of soybeans. Higher nutrient
outputs were obtained when soybeans were grown after
buckwheat — 4.27 t/ha grain units, 3.38 t/ha feed units, and
0.66 t/ha digestible protein units.

5. Significant increases in soybean productivity
were achieved through the use of fertilization systems.
The highest increases in grain units, feed units, and
digestible protein units were observed after the buckwheat
predecessor with the organo-mineral fertilization system —
0.85 t/ha (24.9%), 0.73 t/ha (24.9%), and 0.14 t/ha (24.9%)
respectively.

6. Successive soybean crops were not inferior in
productivity to those grown after corn and buckwheat
predecessors.
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Mashchenko Yu.V., Sokolovska .M. Productivity
of soybean depends on predecessors and fertilizer
systems in short-rotation crop rotations of the Steppe
zone of Ukraine

Important elements in soybean cultivation technology
include optimizing the choice of predecessor and agronomic
conditions, particularly fertilization systems. However, there
is still limited research on the response of modern soybean
varieties to different fertilizer types in various soil-climatic
zones of Ukraine, especially considering climate change.

Therefore, it is important to scientifically justify the use
of technological measures to increase soybean yield and
seed quality in specific soil-climatic conditions and improve
the quality of soybean products obtained from the harvest.

Our research aimed to determine the dependence
of soybean productivity on different predecessors, and
fertilization in short-rotation crop rotations.

Field studies were conducted from 2013 to 2022 at the
Institute of Agriculture of the Steppe National Academy
of Agrarian Sciences. Soybeans of the Medea variety
(2013-2020) and Zlatoslava variety (2021-2022) of early
maturity group were grown in short rotation grain-row crop
rotations with varying soybean saturation.

Cultivating soybeans after corn, buckwheat, and
soybean predecessors did not have a significant impact on
soybean yield, except for a tendency for lower yields after
repeated soybean cultivation and slightly higher yields after
the buckwheat predecessor.

The use of mineral and organo-mineral fertilization
systems resulted in significant yield increases for all
investigated predecessors. The highest yield increases
were observed after the buckwheat predecessor, with
0.36 t/ha (19.9%) for the mineral fertilization system and
0.45 t/ha (24.9%) for the organo-mineral fertilization system.

The previous crop did not significantly affect productivity
indicators. Higher nutrient outputs were obtained when
soybeans were grown after buckwheat — 4.27 t/ha grain units,
3.38 t/ha feed units, and 0.66 t/ha digestible protein units.

Significant increases in soybean productivity were
achieved through the use of fertilization systems. The

highest increases in grain units, feed units, and digestible
protein units were observed after the buckwheat
predecessor with the organo-mineral fertilization system —
0.85 t/ha (24.9%), 0.73 t/ha (24.9%), and 0.14 t/ha (24.9%)
respectively. Successive soybean crops were not inferior
in productivity to those grown after corn and buckwheat
predecessors.

Key words: predecessors, fertilization systems, yield,
productivity, soybean.

MauweHko KO.B., CokonoBcbka |.M. MpoayKTUBHICTb
COi 3anexHo Big nonepeaHuKIiB Ta CUCTEMU YAOOPEHHSA
B CiBO3MiHax KOpPOTKoi poTauii CTenoBoi 30HU YKpaiHu

BaxnuBMmu enemeHTamm B TEXHONOriT BUPOLLYBaHHA
COoi € onTMMi3auia BM6opy nonepegHuKa Ta arpoTEXHIYHMX
YMOB BMPOLLYBaHHS, 30Kpema cucteMm ynobpeHHs, a bara-
TOPIYHI JOCNISKEHHS KynbTypy AOBOASTD, WO COSt JOCUTL
BMMOINMBA 40 umx dakTopiB. Ha cborogHilHii AeHb Heao-
CTaTHbO BUBYEHA peakuis CyvyacHUX COpTiB COI Ha KOMM-
JNIEKCHE 3aCTOCYBaHHS Pi3HNX BUAiB JOOPUB y Pi3HUX I'pyH-
TOBO-KNIMaTUYHUX 30HaxX YKpaiHu, 0cobrnmBo BpaxoByloun
LBUAKI 3MiHW KnimaTy.

ToMy BaXXNMBOTO 3HAYEHHSI B YMOBaX CbOroeHHsi Haby-
Ba€ HaykoBe 0Or'pyHTYBaHHSA BUKOPUCTAHHS TEXHOMOTIYHUX
3axOAiB BMPOLLYBaHHS KynbTYpW, SiKi MOBMHHI CNpSIMOBYBa-
TUCS Ha NiABULLEHHSI BPOXAWHOCTI | IKOCTi HACiHHSA B KOH-
KPETHUX 'PYHTOBO-KMNiMaTUYHUX yMOBaX i CApUATU NiaBu-
LLIEHHIO SKOCTi NPOAYKLi, OTPMMaHOI 3 ypoXKato COl.

MeToto Hawwmx gocnigkeHb Oyno BCTAHOBUTU 3anex-
HICTb PiBHA NPOAYKTUBHOCTI COI 3a ii BUPOLLYBaHHS No pis-
HUX nonepegHuKax, B CiBO3MiHaX KOPOTKOI poTauii Ta Big
cucTeM yoobpeHHs.

MonboBi  OOCNIMKEHHS  MPOBOAWMMMCS  NPOTATrOM
2013-2022 pp. B nabopatopii 3emnepobcTBa IHCTUTYTY
cinbcbkoro rocnogapctaa Cteny HAAH. Coto copTiB Meges
(2013—2020 pp.) Ta 3natocnasa (2021-2022 pp.) paHHLOI
rpynu CTUIMOCTi BUPOLLYBanu y KOPOTKOPOTaLiNHMX 3epHO-
npocanHux CiBO3MiHax 3 pi3HUM HaCUYEHHSAM COEI0.

BupoliyBaHHA coi no nonepegHukax Kykypyasa
Ha 3epHO, rpeyka Ta COsl He Mano iCTOTHOro BMNIMBY
Ha YpPOXaWHIiCTb COi, BCTAHOBMNEHO NuUWEe TEHAEHLIo,
O MOBTOpPHE BUPOLLYBaHHS COT MPU3BOAUIIO OO OTpU-
MaHHA MEHLOi BPOXaWHOCTI a nicna nonepegHuka
rpeyka — Cnpusino OTPUMaHHIO Aewo Oinbloro piBHA
BPOXXaNHOCTI.

BukopnctaHHA MiHepanbHOI Ta opraHo-MiHepanbHOI
cucTeM yaobpeHHs Cnpusno OTPUMAaHHIO iCTOTHUX npuba-
BOK BPOXaWHOCTi 3a BCiX OOCMiAXyBaHUX MonepeHuKis.
Hanbinbwi npnbasku 6ynu no nonepegHuKy rpedka i cra-
HoBunn 0,36 T/ra (19,9%) 3a MiHepanbHOI cucTeMu yao-
OpeHHs Ta 0,45 1/ra (24,9%) — 3a opraHo-MiHepanbHoi cuc-
Temu ynobpeHHs.

lMonepenHsa KynsTypa Npu BUPOLLYBaHHI COI iCTOTHO He
BMMvBana Ha NoKasHWKW NpoayKTUBHOCTI. Binbwwnin Buxia
NOXUBHUX PEYOBUH OTPUMAanuM 3a BMPOLLYBaHHSA COi Nicns
rpedkn — 4,27 T/ra 3epHoBux, 3,38 T/ra — KOPMOBUX OOU-
HUUb, 0,66 T/ra — nepeTpaBHOro NPOTEiHy.

Hanbinblwmin nokasHuKiB NPoayKTUBHOCTI cOi GyB Mo
nonepeaHuKy rpeyka 3a OpraHo-mMiHepanbHOK CUCTEMOKD
ynobperHs — 0,85 1/ra (24,9%), 0,73 1/ra (24,9%), 0,14 T/ra
(24,9%) BignosigHo. MNoBTOpHI NociBu coi He nNocTynanucs
3a MPOAYKTMBHICTIO TUM, LIO BMPOLLYBanucs no nonepe-
OHVKaX KyKypyA3a Ha 3epHO Ta rpedka.

Knro4yoBi cnoBa: nonepegHukn, cuctemm yoobpeHHs, ypo-
XKaMHICTb, NPOAYKTUBHICTb, COS.
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