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PRODUCTIVITY OF SOYBEAN IN VARIOUS CROP ROTATIONS WITH ORGANO-MINERAL
FERTILISATION IN THE LEFT BANK FOREST-STEPPE OF UKRAINE

Tsymbal Ya. S., Martyniuk I. V., Ptashnik M. M., Shliakhturov D. S., Oksymets O. L.
National Scientific Centre "Institute of Agriculture of the National Academy of Agrarian Sciences of Ukraine",
2B Mashynobudivnykiv St., Chabany village, Fastiv district, Kyiv region, 08162, Ukraine

Topicality. In the context of the economic and environmental crisis, efficient utilisation of land
resources, optimisation of the structure of agricultural areas in all natural and climatic zones, considering
the particular characteristics of each region, and environmental conservation are important factors for
sustainable development of agricultural production. Crop rotations should be dynamic, combined and
intensive, and their implementation should always be based on scientific justification. Purpose. To determine
the influence of the structure, set and arrangement of field crops in various crop rotations on the total
productivity, yield and seed quality of soybeans. Methods. The research was conducted in the subzone of
unstable moistening of the Left-Bank Forest-Steppe of Ukraine on typical low-humus chernozem at the
Panfyly Research Station of the National Research Centre "Institute of Agriculture NAAS of Ukraine".
Soybeans were grown in 6-8-field crop rotations under an organic-mineral fertilisation system to study the
influence of predecessors on productivity, yield and seed quality. The crop cultivation technology in the
experiment is generally accepted and recommended for the research zone. Methods used: long-term field,
laboratory-field, laboratory (chemical, physicochemical), mathematical and statistical. Results. The long-
term stationary field experiment on the study of crop rotations, which was established in 2001, convincingly
proves that 6-8-field crop rotations with proportion of soybeans from 12.5 to 16.7 % were highly effective in
this zone over 2016-2020. The soybean seed yield, which was grown after buckwheat, winter and spring
wheat as predecessors and the corresponding crop set in crop rotations, was in the range of 2.92-3.47 t/ha
with oil content in seeds of 20.7-21.5 %. The economic efficiency of soybean cultivation in the structure of
various crop rotations was as follows: net operating profit — 12.55-16.76 thousand UAH/ha at a level of
profitability — 116-152 %. Conclusions. It was found that the most productive in the Left-Bank Forest-
Steppe zone was a 6-field crop rotation with proportion of soybean of up to 16.7 % (soybean — winter wheat —
sugar beet — spring barley — maize for grain — buckwheat) under the organic-mineral fertilisation system (by-
products of the predecessor + NoP4oKy). The yield per 1 ha of arable land was 4.79 t of fodder units and
1.01 t of digestible protein at a net operating profit of 16.76 thsd UAH/ha and a profitability of 152 %.

Key words: crop, crop rotation, yield, fodder units, crude protein, oil content, profitability, net
operating profit

Introduction. Increasing crop production
has been and remains the priority at any stage of
agricultural development, and a scientifically
based farming system, with crop rotation as its
main component, is aimed at solving this
problem. At the current stage of development of
the agro-industrial complex, only a high level of
farming standards is the basis for the production
of competitive agricultural products.

Crop rotation is crucial component of mo-
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dern agriculture as it is based on the biological
characteristics of field crops. Therefore, a pro-
perly designed and implemented crop rotation is
essential for improving farming standards,
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Soybeans (Glycine hispida (Moench.)
Maxim,) are one of the oldest crops used for
food, fodder, technical and medical purposes.
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It was introduced from China to Japan in the 7
century, and soybeans began to be sown in
Europe only in the 17" century [1].

Soybeans are particularly valuable due to
their high content of complete protein, which is
easily digested by the human body and animals.
Soybean seeds contain 35-52 % of complete
amino acid protein, 17-27 % of high-quality
vegetable oil, 24 % of carbohydrates, 5 % of ash
elements, various enzymes, vitamins (A, B, C,
B, E) and other organic and inorganic compo-
unds [2]. It provides 20 % of the global protein
resources [1].

Soybeans are an important industrial crop
and a valuable predecessor for various agricul-
tural crops due to the biological nitrogen fixa-
tion of atmospheric molecular nitrogen. It can
also be used as a green manure crop. For fodder
purposes, soybean green mass is used for the
production of silage, haylage, grass meal,
pellets, and less often of hay. It was found that
100 kg of soybean green mass contains 21
fodder units and 3.5 kg of digestible protein [3].

Ukraine is the largest soybean producer in
Europe: over the period 1990-2021, its sown
area increased from 75-80 thousand hectares to
2.28 million hectares [4]. In the ranking of
major soybean producers, Ukraine ranks first in
Europe and eighth to tenth in the world [5].

The main areas under soybean crops
(about 80 %) are located in the Steppe and
Forest-Steppe zones of Ukraine. New early- and
mid-ripening soybean varieties developed by
agricultural scientists in recent years have a
shorter ripening period and produce high grain
yields of 2.0-2.5 t/ha, enabling their cultivation
in the Polissia region of Ukraine [6].

The best predecessors for soybeans are
winter and spring spiked cereals, maize, vege-
tables, potatoes, etc. [2].

Among the many agronomic techniques
that ensure an adequate level of productivity of
high-quality crops, crop rotation plays an impor-
tant role. Market conditions of farming require
such crop rotations that would increase the
productivity of all field crops, contribute to the
stabilisation and restoration of soil fertility, im-
prove the phytosanitary condition of agricultural
areas and ensure environmental safety. [7-10].

The issue of crops arrangement in crop
rotations cannot be neglected due to its impor-
tance in terms of environmental safety of agri-
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culture and preservation of the natural environ-
ment (agro-landscapes). And in this context, the
development of domestic agriculture in the
system of the national economic complex rema-
ins the highest priority, competitive in meeting
human needs for food. Therefore, the study of
the effect of crop rotation factors and organic-
mineral fertilisation on soybean productivity
and seed quality in the conditions of the Left
Bank Forest-Steppe is relevant.

The study was aimed at determining the
influence of fertilisation system, predecessors,
saturation and arrangement of crop rotations with
soybean on productivity and economic efficien-
cy of soybean cultivation in the conditions of
the Left-Bank Forest-Steppe.

Materials and Methods. The research on
the effect of predecessors and fertilisation
system on the productivity, yield and quality of
soybean seeds in various crop rotations was
conducted in the subzone of unstable moiste-
ning of the Left Bank Forest-Steppe of Ukraine
on the low-humus coarse-loamy chernozem of
the Panfyly Research Station of the National
Research Centre "Institute of Agriculture NAAS"
in a long-term field stationary experiment du-
ring 2016-2020. The humus content in the
topsoil layer is 3.08-3.15 %, in the subsoil layer —
2.72-2.90 %. The soil is characterised by a high
phosphorus content of 233-270 mg/kg in the
topsoil and 227-270 mg/kg in the subsoil, and a
high and medium exchangeable potassium
content of 80-100 mg/kg. The reaction of the
soil solution is slightly acidic, the saturation
level of the of the soil adsorption complex with
bases is high (85-99 %). The average annual
precipitation on the area of the experimental
station ranges from 250-670 mm (average value
of 442 mm), which corresponds to the conditi-
ons of Forest-Steppe subzone with unstable
moistening.

The sown area of the plot was 90 m?, and
the registration area was 40 m?. The experiment
was repeated three times. Arrangement of the
plots was randomised.

The cultivation technology of agricultural
crops in the experiment is generally accepted for
the area under study.

Soybeans were grown in a six-field crop
rotation: soybeans — winter wheat — sugar beet —
spring barley — maize for grain — buckwheat,
and buckwheat — winter wheat — soybeans —
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spring wheat — winter rye — spring barley; in a
7-field rotation: winter rape — winter wheat —
sunflower — spring wheat — soybeans — winter
wheat — spring barley; and in an 8-field rotation:
(maize for green fodder — winter wheat —
sunflower — spring wheat — soybeans — winter
rye — oats — spring barley) under intensification
of the organo-mineral system (by-products of
the predecessor + NoP4oKgo per 1 ha of crop
rotation area) with the introduction of soil-appli-
ed and post-emergent herbicides for the crop.

Research methods include field, labora-
tory and field, greenhouse experiments, labora-
tory research (chemical, physical and chemical),
mathematical and statistical.

Results and Discussion. Based on the
results of long-term stationary experiments in

the Forest-Steppe zone of Ukraine, the main
principles of diversified (6-8-field) crop rotate-
ons were developed, considering the return peri-
ods and rotation standards for each crop. This
ensures a scientifically sound set of crops, their
ratio and placement after the best predecessors,
which contributes to rational land use, increased
soil fertility (moisture, humus, etc.), improved
phytosanitary conditions, etc.

Soybeans were grown under the organic-
mineral fertilisation system after the predece-
ssors — buckwheat, winter wheat and spring wheat
with crop saturation of crop rotations from 12.5
to 16.7 %. The crop yield in these crop rotations
ranged from 2.92 to 3.47 t/ha, depending on the
duration of crop rotation (Table 1).

The highest yield of soybean seeds

Table 1. Yield and quality of soybean seeds in diversified crop rotations, average for 2016-2020

Weight fraction of
Yield. tha crude protein Weight fraction of
Predecessor Fertiliser rate ’ content in oil in conversion to
conversion to dry dry matter, %
matter, %
6-field crop rotation
by-product of
Buckwheat a predecessor + 3.47 37.4 21.2
NoPaoKao
. by-product of
Vv\é;]r;taetr a predecessor + 3.29 37.9 20.8
NoPaoKao
7-field crop rotation
by-product of
Spring wheat a predecessor + 3.07 375 215
NoPoKao
8-field crop rotation
by-product of
Spring wheat a predecessor + 2.92 37.4 20.7
NoPoKao
LSD o5 0.08

(3.47 t/ha) was obtained in a six-field crop
rotation with a crop share of 16.7 % after the
buckwheat, which was sown after maize for
grain, which is 0.18 t/ha more than in a six-field
crop rotation with the same crop share after the
winter wheat (buckwheat as a predecessor).
Growing soybeans in a 7-field crop rotation
with a crop share of 14.3 % with spring wheat
as a predecessor, sown after sunflower, reduced
the yield by 0.40 and 0.22 t/ha compared to six-
field crop rotations with a crop share of 16.7 %,
respectively. Changing the crop share in the
crop rotation from 16.7 to 12.5 % (8-field crop
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rotation) resulted in a decrease in soybean seed
yield, on average over five years of research, by
0.55 t/ha, and amounted to 2.92 t/ha.

It should be noted that soybean cultivation
in diversified (6-7-8-field) experimental crop
rotations under intensification of organic-
mineral system improved the seed quality, i.e.
the content of crude protein and oil in soybean
seeds with the application of by-products of the
predecessor + NoPsoKa Was quite high, namely
crude protein in 6-field crop rotation with a crop
share of 16.7 % and the predecessor — winter
wheat was at the level of 37.9 %, which is 0.4
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and 0.5 % more than when it was grown in
7-field (with a crop share of 14.3 %) and 8-field
(with a crop share of 12.5 %) crop rotations,
respectively, with the predecessor — spring
wheat. Under different predecessors, the oil
content in soybean seeds was at the level of
20.7-21.5 %, with the highest content of 21.5 %
in 7-field crop rotation, which is 0.3-0.7 %
higher than in 6-field crop rotation and 0.8 %
higher than in 8-field crop rotation (Table 1).
Assessing crop rotation efficiency is a
complex approach considering a number of
indicators. To compare the productivity of crop
rotations, we take into account the grain and
seed production, the yield of grain, feed units
and digestible protein [11]. There are different
approaches to assessing crop rotation efficiency.
In particular, it is proposed to use the so-called
grain coefficients — the ratio of the average yield

of winter wheat to the average yield of the crop,
which is estimated over several years. It is
proposed to evaluate productivity in monetary
terms. The global practice applies the
assessment of crop rotation productivity based
on conversion into grain equivalents [12]. The
yield level of each crop and the crop rotation
productivity generally depend on the effect of
predecessors, tillage systems, fertilisation and
plant protection products [13].

In 2016-2020, the productivity of
soybeans grown in diversified crop rotations (6—
7-8-field) with different crop saturation was
characterised by quite high indicators and
provided a harvest of 4.03-4.79 t of fodder
units, 5.26-6.25 t of grain units, and 0.85-1.01 t
of digestible protein per 1 ha of arable land
(Table 2).

It should be noted that the 6-field crop ro-

Table 2. Seed productivity of soybeans in diversified crop rotations, average for 2016-2020

Output per 1 ha of arable land, t

Predecessor fodder units grain units | digestible protein
6-field crop rotation (by-product of a predecessor + NoPKag
Buckwheat 4.79 6.25 1.01
Winter wheat 4.54 5.92 0.95

7-field crop rotation (by-product of a predecessor + NoP4oKag)

Spring wheat 4.24

5.53 | 0.89

8-field crop rotation (by-product of a predecessor + NoP4oKqg)

4.03

Spring wheat

0.85

5.26 |

tation, which is 16.7 % saturated with soybeans
after buckwheat, had higher harvest indicators
of fodder units, grain units and digestible
protein per 1 ha of arable land, where these
indicators were 4.79 t of fodder units, 6.25 t of
grain units and 1.01 t of digestible protein,
which is higher by 0.25 t of fodder units, 0.33 t
of grain units and 0.06 t of digestible protein
compared to 6-field crop rotation with 16.7 %
saturation after winter wheat.

Soybeans in a 7-field crop rotation, which
was grown after spring wheat, with 14.3 % crop
saturation, was characterised by slightly lower
productivity indicators, where the yield per 1 ha
of arable land was within 4.24 t of fodder units,
5.53 t of grain units and 0.89 t of digestible protein.

The 8-field crop rotation saturated with
soybeans by 12.5 % ensured a yield per hectare
of crop rotation area: 4.03 t of fodder units,
5.26 t of grain units and 0.85 t of digestible
protein, which is 5 % less than the 7-field crop
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rotation and 11-16 % less than the 6-field crop
rotation.

The economic efficiency indicators of
crop rotations were determined based on the
preparation of technological charts, considering
the costs of tillage, labour, fertilisers, seeds,
plant protective products and the final
production. Calculations were made based on
the purchase prices for agricultural products
prevailing in 2020.

The economic analysis of soybean
cultivation in 6-7-8-field crop rotations showed
the dependence of the obtained yield indicators
on the predecessor, pre-predecessor and
fertilisation, where the net operating profit, on
average, for five years of research, was 12.55—
16.76 thousand UAH/ha, with a profitability of
116-152 % (Table 3).

Soybeans, which were grown in a 7-field
crop rotation with a crop saturation of 14.3 %,
provided a net operating profit of 13.65 thou-
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Table 3. Economic efficiency indicators of soybean cultivation in diversified crop rotations,
average for 2016-2020

Total costs, | Gross product Costt)\ﬂ:?): f1 Profit,
Predecessor thousand value, harvest thousand Profitability, %

UAH thousand UAH thousand UAH UAH/ha
6-field crop rotation (by-product of a predecessor + NoP4oK,)

Buckwheat 11.01 27.76 3.14 16.76 152

Winter wheat 11.02 26.32 3.15 15.30 139
7-field crop rotation (by-product of a predecessor + NoP4oK,)

Springwheat | 1091 | 24.56 | 3.12 | 1365 | 125
8-field crop rotation (by-product of a predecessor + NP 4K4o)

Springwheat |  10.81 | 23.36 | 3.09 | 1255 | 116

sand UAH per 1 ha of crop rotation area with a
profitability of 125 % after the spring wheat and
before the sunflower. The gross production
value was in the range of 24.56 thousand UAH.
Production of soybean seeds in 8-field crop
rotation with a crop saturation of 12.5 % after
spring wheat and before the sunflower provided
a profit of 12.55thousand UAH/ha at a
profitability of 116 %, while the costs amounted
to 10.81 thousand UAH, and the cost of 1 t of
yield was 3.09 thousand UAH.

The highest profitability was achieved by
growing soybeans in 6-field crop rotations with
a crop share of 16.7 % after buckwheat and
winter wheat. Net operating profit of soybean
seed production after winter wheat and before
buckwheat was 15.30 thousand UAH/ha with a
profitability level of 139 % and total costs of
11.02 thousand UAH. Cultivation of soybeans
after buckwheat and maize for grain as a
predecessors was the most profitable, with a net
operating profit of 16.76 thousand UAH/ha and
a profitability of 152 %. The gross production
value was 27.76 thousand UAH, while the cost
of 1 t of crop was 3.14 thousand UAH.
Cultivation of the crop in this crop rotation
increased the profit by 3.11 thousand UAH/ha
compared to 7-field, and by 4.21 thousand
UAH/ha compared to 8-field crop rotation.

Conclusions. It was established that in the
subzone of unstable moistening of the Left Bank
Forest-Steppe of Ukraine on typical chernozems,
soybean cultivation in 6-7-8-field crop rotati-
ons after buckwheat, winter and spring wheat
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AKTYyalIbHiCTb. B yMOBax €KOHOMIYHOI Ta €KOJIOTIYHOI KPU3H €(EKTHBHE BUKOPUCTAHHS 3€MEIbHUX
pecypciB, ONTHMI3alisl CTPYKTYPH TMOCIBHUX IUIONI B YCiX MPHUPOTHO-KIIMATHYHUX 30HAX 3 YpaXyBaHHIM
cneun@iku KOXKHOTO PETiOHy pa3oM 3 OXOPOHOI0 HAaBKOJIMIIHBOTO CEPEJOBUINA € BAXIMBUM (pakTopoM
CTaJIOTO PO3BUTKY arpapHoro BHUpoOHHLTBA. CiBO3MIHM MaiOThb OyTH NTUHAMIYHUMH, KOMOIHOBaHHMH Ta
IHTEHCUBHMMH, aJe iX BIPOBAIPKEHHS 3aBXIU MOTpeOye HayKoBOro oOrpyHTyBaHHsi. Mera. BeraHoBieHHS
BIUIMBY CTPYKTYPH, Ha0OpYy Ta PO3MILIEHHS MOJBOBUX KYJIBTYP y Pi3HOPOTALIMHUX CiBO3MiHAX Ha 3arajibHy
MIPOJYKTHBHICTh, BPOXAWHICTh 1 AKICTh HaciHHA coi. Marepiaam i meromau. JlocmikeHHS MPOBEIEHO
B MiZ30HI HecTilikoro 3BoyoxkeHHs JliBoGepexxnoro Jlicoctemy VYkpaiHM Ha 4YOpPHO3€Mi THUIIOBOMY
MasniorymycHoMmy llangunbcekoi mocmimnoi cranmii HHL] «I3 HAAH». Corwo BupouryBaim y
pi3HOpOTamiHHNX 6-8-TIIBHUX TONBOBUX CIBO3MIHAX 3a OPraHO-MiHEPAIBHOI CHCTEMHU YIOOpEHHS 3
BUBUYEHHS BIUIMBY IIONEPEIHUKIB Ha TPOMYKTHUBHICTh, YPOXKAWHICTH 1 SKICTh HaciHHSA. TexHomoris
BUPOILYBAaHHS CLIbCHKOTOCIONAPCHKUX KYJIBTYP y IOCTi/l 3arajJibHONPUNHATA 1 PEKOMEHIOBaHA Ul 30HH
MPOBEJIEHHs JOCHIDKeHb. MeToIn — TMOJIbOBi, J1a00paTOPHO-TIONIKOBI, JTa0OpaTopHi (XimiuHi, (i3uKo-
XiMi4Hi), MaTeMaTHYHO-CTATUCTHYHI. Pe3yiabTaTn. JloCiiHkeHHS Y TPUBAIOMY CTAIliOHAPHOMY TOJIHOBOMY
nocmimi, skwii Oynmo 3axmameHo y 2001 p., 3 BHBUEHHS CiBO3MiH, MEPEKOHIMBO CBiMYaTh MPO Te, IO
ynpoaoBx 2016-2020 pp. BHCOKOE(PEKTUBHUMH B I[ili 30HI BUSBIIIHCS 6-8-TiIIbHI CiBO3MIHA HACHYEHI COEFO
Bix 12,5 no 16,7 %. YpoxalHiCTh HaCIHHS COi, SIKY BUPOLIYBJIN IICJIS TPEUKH, MIIEHUII 03UMOi Ta spoi, 1
BiJNOBIAHOTrO HAa0Opy KyJBTYp CiBO3MiH, Oyna B Mexax: 2,92-3,47 1/ra, 3a BMicTOM ouii B HaciaHi — 20,7—
21,5 %. ExoHomiuHa e(QeKTUBHICTh BUPOLIYBAaHHS COI B CTPYKTYpi pi3HOPOTAaliHHUX CiBO3MIH CTAaHOBHUTD:
YMOBHO 4uCTHH mpuOyTok — 12,55-16,76 Tuc. rpu/ra pienp peHradbenbHocTi — 116-152 %. BucHoBKku.
BcranoBneno, mo HaiOinpm npoaykTuBHOIO B 30HI JliBoOepeskHoro Jlicoctemy BusiBUiIacs mIeCTUIIIBHA
ciBo3MiHa HacH4eHa coero Ha 16,7 % (cost — MeHuIs o3uMa — OypsKH LyKPOB1 — STUMiHb SIPUH — KYKypyaA3a
Ha 3€pHO — Ipeyka) 3a OpraHo-MiHEpanbHOI CHUCTeMH yHoOpeHHs (ImoOiuHa MpPOAYKIis MomepeaHHuKa +
NoP4oKs). 3 1 ra pimni 3i0pamu 4,79 T kopmoBux omuuuip i 1,01 T meperpaBHOTO MpOTEiHY 32 YMOBHO
gucToro npudyTky 16,76 tuc. rpu/ra Ta peatadensHocTi 152 %.

Knwuogi cnosa: xynemypa, pomayis, 6podiCainicms, KOPMOGi 00uHUYi, cuputi npomein, emicm oxii,
PeHmMAbenbHiCb, YMOGHO YUCMULL NPUOYIMOK
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