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The correct choice of a predecessor crop for soybean cultivation in short rotation crop
rotations can increase its productivity. It is considered that the best predecessors for soybean
are spring and winter cereals. There are recommendations for placing soybeans after corn,
potatoes, sugar beets, and vegetable crops. Technological methods of growing soybeans in
repeated sowings and in monoculture are not sufficiently studied. The fertilization system plays
an important role in increasing the yield of any agricultural crop. Determining the fertilization
system for soybeans should take into account not only the physiological characteristics of this
crop but also the impact on the fertility of the predecessor soil.

Field research was conducted on the fields of the Institute of Agriculture of the Steppe NAAS
from 2019 to 2023. Soybeans of the Zlatoslava variety were grown in a short grain-row crop
rotation with 60% soybean saturation, which had the following rotation: 1. Soybean; 2. Winter
wheat; 3. Soybean; 4. Corn for grain; 5. Soybean. The meteorological characteristics of the
research were marked by variability over the years, which allowed for establishing a reliable
influence of factors studied under different moisture and temperature weather conditions.

In our research, fertilization systems had the most significant impact on soybean yield and
productivity. Higher grain yield, grain units yield, feed units, and digestible protein units were
achieved under the organo-mineral fertilization system after corn for grain as a predecessor:
2.14 t/ha, 4.03 t/ha, 3.47 t/ha, and 0.68 t/ha respectively. Repeated soybean sowings slightly lagged
behind in these indicators, but the difference was not significant. Under the mineral fertilization
system, the predecessor factor reduced the effectiveness of fertilizer action, and the difference in
soybean yield and productivity based on different predecessors was significant. Therefore, the
best predecessors for soybean cultivation in a grain-row crop rotation with up to 60% soybean
saturation in the conditions of the northern Steppe of Ukraine were corn for grain and soybean.
The use of the organo-mineral fertilization system after winter wheat as a predecessor allowed for
achieving soybean crop productivity levels comparable to the best predecessors.
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Coxkonoscvxka I.M., Mawenko I0.B., Kapxo /I.A. Ilpodykmuenicmo coi 3anexcno 6io
nonepeonuka ma cucmemu yooopennsn ¢ ymoeax Cmeny Ykpainu

Ipasunvruil 6ubip nonepeduvboi Kyniomypu 018 UPOUWLYBAHHS COI 8 KOPOMKOPOMAayiiHiil
Ci603MiHi 0ae modxcaugicme 30inbuwiumu ii npooykmuenicms. Beasxcacmuvcs, wo Kpawji none-
PeOHUKU 01151 ol € sipi ma 03umi 3epHosi Kynvmypu. Ichytoms pexomendayii wjo0o posmiujerus
coi' niciis Kykypyosu, Kapmonii, yykpogux 0ypaxie il ogouegux kynomyp. Texnonociuni nputiomu
BUPOWYBAHHS COI 8 NOBMOPHUX NOCIBAX MA 8 MOHOKYIbMYPI 8usueHi Hedocmamuvo. Baowc-
JUBY PONL Y NIOBUWEHHI 8pOICAUHOCMI OYOb AKOI CibCbKO2OCNO0APCHLKOL Kyibmypu idiepac
cucmema y0obpenns. Busnayenns cucmemu y0obpenHs coi HeoOXiOHO He nuule 3 YpaxyeaH-
HAM (hiziono2iuHux ocobrueocmeti OAHOI Kyibmypu, aie i 8paxy8anHs sNAUGY HA pOOKYICHb
IpyHmy nonepeonuxa.
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Tonvosi docniddicenHs npogooUY Ha NoasAX aabopamopii 3emaepobcmea Incmumymy cino-
cbko20 eocnodapcmea Cmeny HAAH npomszom 2019-2023 pp. Coro copmy 3namocnasa upo-
wyeanu y KopomrxopoOmayitiHiti 3epHO-npoCcantitl ci@o3MiHi 3 HacuuyeHHAM coeto Ha 60 %, axa
mana HacmynHe yepzyganns: 1. Cos; 2. Iwenuys ozuma; 3. Cos; 4. Kykypyosa na sepro; 5. Cos.
Memeoponoziuna xapakmepucmuka npo8edentst Q0CIONCEHb BIOMIYeHa MIHIUGICIO 3d POKAMU,
WO 0an0 MONCIUBICIb BCIAHOBUMU OOCMOBIPHULL NAUE (PAKMOPIB, AKI 6USUANU 3 PISHUMU 34
360I0MHCEHHAM MA MEMNEPAMYPHUM PEHCUMOM NO20OHUMU YMOBAMU.

Haiibinvw cymmeso Ha ypooicaiinicms ma npoOyKmueHicms coi' 6 Hauux 00caioax niueanu
cucmemu y0obpenns. Buwi nokasnuku ypooicaio 3epua, 300py 3epHOGUX, KOPMOGUX OOUHUYL MA
nepempasHo2o npomeiny 6yiu 3a OpeaHo-MiHepaIbHOI cucmemu YOOOPeHHS N0 NONEPEOHUKY
KVKypyo3a Ha 3epro. 2,14 m/ea, 4,03 m/ea, 3,47 m/ea ma 0,68 m/ea 6ionogiono. Ilosmopni
nocieu coi 0eujo NOCMynanucs 3a 6Ka3aHUMU NOKAZHUKAMU, aie pisHuys 6yia ne icmomuorn. 3a
MiHepanvHoi cucmemu YO0OpeHHs hakmop nonepeoHuKx 3MeHuLy6as eghekmuenicmos Oii 00o6pus
i pisHuYa yposxcaiinocmi ma npoOyKmMueHOCMi Coi no pisHux nonepeoHuxax oyna 00CcmogipHoio.
Kpawumu nonepednukamu ons 8upousy8anHs coi 8 3epHO-NPOCantiil Ci603MIHI 3 HACUYEHHAM
coero 0o 60 % 6 ymosax niguiunoco Cmeny Yxpainu 6ynu KyKypyosa Ha 3epHo ma cosi. Buxopu-
CMAHHA OP2aAHO-MIHEPATLHOL CUCEMU NO NONEPEOHUKY NUEHUYS 03UMA 0ABAI0 MONCIUGICD
gopmysamu npooyKMuUBHIiCMb NOCIBI6 COi Ha Pi6HI KpaWUX NONEPeOHUKIS.

Knwwuogi crosa: cos, nonepeonuxu, cucmemu YOOOPEHHS, YPONCAUHICMb COL, NPOOYKMUG-
Hicmb.

Formulation of the problem. The proper selection of a previous crop for soybean
cultivation in short rotation crop rotations allows for increased productivity not only
by reducing weed infestation, preventing diseases and pest damage, but also by more
rational use of nutrients from the soil and optimization of water regime. It is considered
that the best predecessors for soybean are spring and winter cereals, as they free up
fields faster, allowing for a longer period to carry out all soil cultivation operations.
There are recommendations for placing soybean after corn, potatoes, sugar beets, and
vegetable crops. Insufficiently studied are the technological practices of growing soy-
beans in repeated crops and in monoculture.

An important role in increasing the yield of any agricultural crop is played by the
fertilization system. Soybean is quite demanding in terms of mineral nutrition; to pro-
duce 1 ton of seeds, it requires up to 70-90 kg of nitrogen, 15-20 kg of phosphorus,
30-40 kg of potassium, 8—10 kg of magnesium, and 18-21 kg of calcium. Definition
the fertilization system for soybeans should take into account not only the physiological
characteristics of this crop but also the activity of the previous crop.

Analysis of recent research and publications. Among all leguminous crops, soy-
bean is the most valuable crop and in recent decades has attracted special attention from
farmers. Soybean ranks high among oilseeds in terms of oil production volumes and
contains essential nutrients in its seeds like no other [1, 2, 3, 4, 5, 6, 7, 8].

Soybean is one of the most effective biological nitrogen fixers, second only to
perennial legumes. According to various researchers, soybean can meet 65-80 %
of its nitrogen needs and leave over 30 % of fixed nitrogen in post-harvest and root
residues [3, 4, 9].

Soybean is an excellent predecessor for many agricultural crops in crop rotations.
It has been proven that high yields are obtained after soybean when cultivating winter
and spring cereals, and a good economic result is achieved with a soybean-winter wheat
rotation. Soybean as a predecessor for corn gives a yield that is 0.3—0.4 t/ha higher than
after other non-leguminous crops. As a predecessor for winter wheat, soybean is com-
parable to crops like alfalfa and corn [10, 11, 12, 13, 14, 15].

Studies have shown that including leguminous crops, particularly soybeans, in crop
rotations leads to increased yields and improved quality. Introducing short rotation crop
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systems where soybeans are planted repeatedly positively impacts not only the produc-
tivity of subsequent crops after soybeans but also overall crop rotation productivity [16,
17, 18, 19, 20, 21],

Soybean is a strategic crop capable of addressing the protein deficit issue and there-
fore requires significant attention. Despite increasing production volumes of soybeans
in Ukraine and globally, its productivity is not yet sufficient. Increasing cultivation areas
alone cannot realize the full potential of this crop.

Developing optimal plant fertilization systems for soybeans and improving culti-
vation technology are important and relevant tasks. The reaction of soybeans to the
comprehensive application of different types of fertilizers, especially with organic com-
ponents in agroecosystems, remains insufficiently studied. Rapid climate changes, inad-
equate plant moisture supply, and temperatures significantly exceeding average annual
values necessitate the development of scientifically sound fertilization systems for soy-
beans in the Ukrainian Steppe [22, 23, 24, 25, 26, 27, 28, 29].

Research task. Justifying the level of yield and productivity of soybeans when
grown in short rotation crop rotations depending on predecessors and fertilization sys-
tems in the conditions of the northern Steppe of Ukraine.

Materials and methods of research. Field research, which studied the influence
of predecessors and fertilization systems on soybean productivity, was conducted in
the fields of the Institute of Agriculture of the Steppe NAAS during 2019-2023. The
random replication method was used. Soybeans of the Zlatoslava variety (originator —
Institute of Agriculture of the Steppe NAAS) were grown in a grain-row short rotation
crop rotation with a 60 % saturation of soybeans, which had the following rotation: 1.
Soybean; 2. Winter wheat; 3. Soybean; 4. Corn for grain; 5. Soybean.

The wide-row sowing method (row spacing 0.45 m), sowing date in the first decade
of May, sowing rate 800 thousand/ha. The research was two-factorial: Factor A — three
predecessors: 1. Winter wheat; 2. Corn for grain; 3. Soybean. Factor B — fertilization
systems: 1. Without fertilizers; 2. Mineral fertilization system (N, P, K,); 3. Organ-
ic-mineral (N, P, K, + by-products of the previous crop). Mineral fertilizers were
applied before primary soil tillage in autumn.

The early-ripening Zlatoslava soybean variety was included in the State Register
of plant varieties suitable for distribution in Ukraine in 2018. The variety is resistant
to anthracnose, powdery mildew, septoria, bacterial blight, fusarium, viral mosaic, and
pest damage. It is characterized by high resistance to drought, lodging, and shattering. It
has a universal (grain, feed, food) direction of use. Recommended zones for cultivation
are the Steppe, Forest-Steppe, and Polissya.

The soybean cultivation technology is generally accepted for the zone, except for
the studied techniques. The establishment and conduct of experiments were carried out
according to field research methodology.

The meteorological characteristics of the research were characterized by variability
over the years, allowing for a reliable assessment of the factors studied under various
weather conditions.

The weather conditions were favorable in 2021, providing sufficient moisture levels
during the soybean growing season. The years 2019, 2022, and 2023 were insufficiently
favorable, especially in the early stages of soybean growth and development in terms
of moisture, while 2021 was excessively wet. The weather conditions in 2020 were
unfavorable.

Therefore, the weather conditions during the years of the research were mostly not
sufficiently favorable for achieving high soybean productivity indicators.
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Results and discussion. In the conditions of the Ukrainian Steppe, soybean yield
significantly varies depending on the weather and climatic conditions during the vege-
tation period. However, the average indicators obtained from the results of five years of
research indicate that the choice of predecessor and fertilization system are factors that
influence the crop’s productivity.

The data presented in Table 1 show that the average soybean yield based on the
studied predecessors was within a significant difference range, 1.67 t/ha, 1.81 t/ha, and
1.79 t/ha (LSDOS for factor A= 0.15 t/ha), with the lowest yield observed for the winter
wheat predecessor.

Table 1
Soybean yield depending on predecessor and fertilization system

. Difference, | Difference,
Predecessors Fertilization system Average factor A factor B
(factor A) (factor B) 2019-2023

t/ha % t/ha %

Winter wheat Without fertilizers 1.32 - - - -
Mineral 1.71 — - 0.39 |294
Organo-mineral 1.99 - - 0.67 | 51.1

Average 1.67 - - - -

Corn for grain | Without fertilizers 1.45 0.13 | 10.2 - -
Mineral 1.85 0.14 | 82 | 039 |27.1
Organo-mineral 2.14 0.15 | 74 | 0.69 |473

Average 1.81 0.14 - -

Soybean Without fertilizers 1.48 0.16 | 12.3 - -
Mineral 1.87 0.17 | 9.7 | 039 | 265
Organo-mineral 2.02 002 | 1.1 | 053 | 36.0

Average 1.79 0.12 - -

LSDO0S, t/ha Factor A = 0.15; Factor B=0.13; Factors AB =0.29

Against the background of natural plant nutrition without fertilizer application, a
significant increase in soybean grain yield was observed in repeated soybean sowings,
at 1.48 t/ha, with a yield increase by predecessor factor of 0.16 t/ha. The harvest from
the corn predecessor (1.45 t/ha) was slightly higher compared to the variant where soy-
beans were grown after winter wheat (1.32 t/ha), but the difference in these indicators
was within the LSD range.

Thus, for predecessors such as winter wheat and corn, soybean yield was at a sig-
nificantly different level, with a significant yield increase observed only in repeated
soybean sowings, +0.16 t/ha.

A more effective factor that positively influenced soybean yield in our research was
the fertilization system.

The application of mineral fertilizers before soybean planting contributed to an
increase in crop yield across all studied predecessors. It should be noted that the yield
increase was consistent, amounting to 0.39 t/ha (LSDO5 for factor B = (.13 t/ha). How-
ever, the NPK system was most effective with the winter wheat predecessor (+29.4 %
yield compared to the variant without fertilizers), and in repeated sowings, the yield
increased by only 26.5 %. The highest soybean grain yield under the mineral fertilization




Taspiticbknit HaykoBui BicHEK Ne 136. Yactuna 2

146 I

system was obtained with the soybean predecessor (1.87 t/ha), slightly lower be the corn
predecessor (1.85 t/ha), but this difference was not significant. Soybean sowings after
winter wheat (1.71 t/ha) had lower yields despite the highest effectiveness of the mineral
fertilization system in this variant.

Incorporating the harvest residues of the previous crop along with mineral fertilizer
application provided the highest increase in soybean yield across all predecessors. Inter-
estingly, the organo-mineral fertilization system worked most effectively with the corn
predecessor, achieving a soybean yield of 2.14 t/ha, significantly higher than the yields
with the winter wheat predecessors (1.99 t/ha) and soybean (2.02 t/ha) predecessors.
The yield increase due to the fertilization system factor for soybean cultivation after
corn was the highest at +0.69 t/ha (47.3 %), while the efficiency of the organo-mineral
fertilization system was highest with the winter wheat predecessor, resulting ina 51.1 %
yield increase of 0.67 t/ha.

Thus, the highest yield indicators under the organo-mineral fertilization system
were achieved for soybean cultivation after corn (2.14 t/ha), with a significant decrease
in yield observed by winter wheat and soybean predecessors (1.99 t/ha and 2.02 t/ha
respectively).

The productivity of soybeans in terms of grain units yield, feed units, and digestible
protein units is an important characteristic for this food crop with strategic significance.

The grain units yield from soybean harvest in our research ranged from 2.48 to
3.79 t/ha. On average over five years, the lowest grain units yield from soybean cul-
tivation after winter wheat was 2.48 t/ha without fertilizer application. Repeated soy-
bean sowings provided a significant increase in grain unit collection compared to winter
wheat predecessors, with an increase of 0.30 t/ha, totaling 2.79 t/ha. Introducing corn
as a predecessor for soybeans did not affect its productivity, with a grain units yield of
2.73 t/ha (LSDOS for factor A = 0.28 t/ha) (Figure 1).
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Fig. 1. Grain units yield depending on predecessor and fertilization system, t/ha,
2019-2023 (LSDO5: factor A = 0.28 t/ha, factor B = 0.25 t/ha, factors AB = 0.55 t/ha)
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The use of the mineral fertilization system in soybean cultivation resulted in a sig-
nificant increase in grain units yield from the soybean grain harvest. Additional nutrient
elements were most effectively utilized by soybean plants grown after winter wheat,
leading to a 29.4 % increase in grain units yield compared to the variant without fertiliz-
ers (0.73 t/ha). Soybean cultivation after corn for grain and in repeated soybean sowings
also showed an increase in grain units yield, but the predecessor factor somewhat sup-
pressed the effectiveness of mineral fertilizers. For soybeans grown after corn for grain,
the productivity of grain units yield was 8.2 %, while without fertilizer application, the
yield increased by 10.2 %. In repeated soybean sowings, the predecessor factor further
reduced the impact of mineral fertilizers, with a 9.7 % increase in grain units yield com-
pared to a 12.3 % increase without fertilizers.

The highest grain units yield was achieved under the organo-mineral fertilization
system. The fertilization system was most effective in increasing soybean productivity
after corn for grain, with a grain units yield of 4.03 t/ha. The difference between winter
wheat and soybean predecessors was significant: 3.75 t/ha and 3.79 t/ha respectively,
with a LSDOS for factor of 0.25 t/ha. The highest increase in grain units yield was
observed in soybean cultivation after winter wheat, with a 51.1 % increase (0.75 t/ha),
while the intensity of the organo-mineral fertilization system’s effect decreased slightly
by corn for grain and soybean predecessors, with increases of 47.3 % (1.29 t/ha) and
36.0 % (1.00 t/ha) respectively.

Our research results confirm the trend of soybean productivity levels based on feed
units yield.

Without fertilizer application, the feed units yield from soybean grain harvest did not
exceed 2.40 t/ha, reaching higher levels when cultivating soybeans after corn for grain
and in repeated sowings, while significantly lagging behind in winter wheat predeces-
sors at 2.14 t/ha (Figure 2).
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Fig. 2. Feed units yield depending on predecessor and fertilization system, t/ha,
2019-2023 (LSDO05: factor A = 0.24 t/ha, factor B = 0.21 t/ha, factors AB = 0.48 t/ha)
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Under the mineral fertilization system, the feed units yield increased, with the trend
of predecessor factor influence maintained: higher values were observed by soybean
and corn for grain predecessors (3.04 t/ha and 2.99 t/ha respectively), while lower val-
ues were recorded by winter wheat at 2.77 t/ha.

With the organo-mineral fertilization system, the feed units yield was highest: at
3.33 t/ha by winter wheat predecessors, 3.47 t/ha for corn for grain, and 3.27 t/ha for
soybeans. However, there was no significant difference in the indicators based on the
predecessor factor, unlike with the use of the mineral fertilization system.

Grain soybean is characterized by a high protein content, which is a valuable raw
material for food production and animal feed. The digestible protein units yield is the
most important indicator that determines the productivity of this crop.

Our research has shown the influence of predecessor factors and fertilization systems
on the level of digestible protein units yield from soybean harvest.

The fertilization system had the most significant impact on increasing soybean pro-
ductivity based on this indicator (Figure 3).
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Fig. 3. Digestible protein units yield depending on predecessor and fertilization system,
t/ha, 2019-2023 (LSDOS: factor A = 0.05 t/ha, factor B = 0.04 t/ha, factors AB = 0.09 t/ha)

Under the organo-mineral fertilization system, the digestible protein units yield was
highest across all predecessors, at 0.63—0.68 t/ha, and did not significantly differ based
on factor A.

However, mineral and organic substances in the soil were most effectively utilized
by soybean plants in crop rotations after winter wheat, resulting in a 51.1 % increase in
protein output.

Under the mineral fertilization system, there was a significant increase in digestible
protein unit yield in repeated soybean sowings and after the corn for grain predecessor
compared to winter wheat (0.60 t/ha, 0.59 t/ha, 0.54 t/ha respectively, LSDOS = 0.04 t/ha).

The digestible protein units yield from soybean cultivation with the predecessors
we studied, without fertilizer application, varied within a significant difference range:
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0.42 t/ha, 0.46 t/ha, 0.47 t/ha for winter wheat, corn for grain and soybean predecessors
respectively, with LSDO5 = 0.05 t/ha.

Conclusions. In conclusion, based on five years of research, it can be concluded
that fertilization systems had the most significant impact on soybean yield and pro-
ductivity. Higher grain yield, grain units yield, feed units yield, and digestible protein
units were achieved using the organo-mineral fertilization system after corn for grain
as a predecessor: 2.14 t/ha, 4.03 t/ha, 3.47 t/ha, and 0.68 t/ha respectively. Repeated
soybean sowings slightly lagged behind in these indicators, but the difference was not
significant. Under the mineral fertilization system, the predecessor factor reduced the
effectiveness of fertilizer action, and the difference in soybean yield and productivity
based on different predecessors was significant. Therefore, the best predecessors for
soybean cultivation in grain-row crop rotation with up to 60 % soybean saturation in
the conditions of the northern Steppe of Ukraine were corn for grain and soybean.
The use of the organo-mineral fertilization system after winter wheat as a predeces-
sor allowed for achieving soybean crop productivity levels comparable to the best
predecessors.
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