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Soil fertility plays a significant role in plant development and has a crucial influence on yield
levels. Initially fertile fields are a major advantage for farmers, but they need to be maintained
properly to avoid soil depletion. Agricultural production today is focused on the direction of
agricultural ecology, high quality of agricultural products, transitioning to environmentally safe
technologies, and abandoning harmful and dangerous plant protection products. Rational use of
fertilizers dramatically changes the ecological conditions of crop vegetation and weeds, affect-
ing their interaction and contributing to increased crop yield and productivity. Agrarians and
scientists pay great attention to implementing a biological farming system — using by-products of
agricultural production, cover crops, non-chemical plant protection methods, and bioregulators.

Therefore, the main goal of our research was to justify the level of buckwheat yield when
grown in classical and biologized crop rotations of short rotation in the conditions of the North-
ern Steppe of Ukraine. Field studies were conducted from 2014-2023 in a stationary field exper-
iment at Institute of Agriculture of the Steppe, NAAS. Buckwheat was grown in a short rotation
grain-row crop rotation with soybean saturation up to 40%.

The results of our observations indicate that weather conditions not only influenced the for-
mation of the yield of the studied crop but also determined the share of the impact of agronomic
practices in cultivation, at least fertilization and elements of biologization. The highest buck-
wheat yield, on average over ten years of research, was provided by the biologized organo-min-
eral fertilization system at 2.01 t/ha, which contributed to a yield increase of 0.53 t/ha compared
to the variant without a biologically active preparation. The separate effect of the biologized
fertilization system had the greatest impact on buckwheat yield in the variant without fertilizers,
with an increase of 0.20 t/ha (15.6 %), and the smallest impact was with the organo-mineral
fertilization system, which accounted for 0.11 t/ha (6.0 %,).
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Coxkonoscvka I.M., Mawenxo FO.B. Bnaue piznux cucmem y0odpeHHs Ha ypoycaiunicms
epeuku 6 ymosax Iligniunozo Cmeny Yxpainu

Poorwuicms tpynmy mae 6enuxe 3nauenus Oia pO3GUMKY POCIUH | MAE GUPIUATLHUL GNIUG
Ha pigenw epodicaunocmi. Ilouamkogo pooioui nois € 8enuKoio nepesazolo 0us hepmepis, ane ix
HOMPIOHO NIOMPUMYBAMU 8 HATLEHCHOMY CIAHI, AOU YHUKHYMU GUCHAICEHHS TPYHmMY. Aepaphe
BUPOOHUYIMBO CbO2OOHT 30CEPEOHCEHO 8 HANPAMKY eKON02I3ayii 3emnepodcmea, 6UCOKY AKiCMb
CIbCbKO2OCN00APCbKOT NPOOYKYiil, nepexio Ha eKoNo2iuHO Oe3neuni mexHonozii, 8i0mMosy 6i0
wiKionueux i Hebezneunux 3acodie saxucmy pociur. ObIpyHmosamne 6UKOPUCMAHHI 00OPUB PIZKO
BMIHIOE eKONOSTUHI YMOBU 6ecemayii KyIbmypHux pociun ma Oyp suie i xapakmep ix 63aemooii,
cnpusie NiOBUWEHHIO YPOXCAUHOCMIE 1l NPOOYKMUBHOCII POCIUHHUYmMea. Benuky yeazy aepapii
Ul HAYKOBYI NPUOINAIOMb BNPOBAONCEHHIO DIONO2IUHOI cucmeMU 3eMaAepoOCmea — 6UKOPUCIAHHIO
NOOIUHOT CibCbKO2OCNO0APCbKOT NPOOYKYil, cudepamis i HeXiMIiYHUX Memoodie 3aXUcny pociuH,
biopezynsimopis.

Tomy, 0CHOBHUM 3A80AHHAM HAWIUX OOCTIOJNCEHb OVIIO ODTPYHNY AU PIGEHb 8POICAUHOCTII
2peyKU npu UPOULYBAHHI Y KIACUUHUX Ma OION02I308AHUX CIBO3MIHAX KOPOMKOI pomayii 8 ymo-
sax nigniynoeo Cmeny Ykpainu. Ionvosi docniodcenns nposoounu npomszcom 2014-2023 pp.
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6 CMayioHapHOMY NOILOBOMY 00CHIOI 1abopamopii 3emnepobemea Incmumymy Ciibcbko2o 20Cno-
oapcmea Cmeny HAAH. I'peuxy supowysanu y KOpomkopoOmayitiHitl 3epHO-npoCcantiv Ci6O3Mini
3 HacuyenHam coeio 0o 40 %.

Pezynomamu nawiux cnocmepesicenv 6ka3yloms Ha me, wo no200Hi yMO8U He e GNIUau
Ha PopMYBaANHS YPOICAUHOCT OOCTIONCYBANOL KYIbIYPU, A U GUIHAUATU YACTIKY GNIUGY ACPO-
MEXHIYHUX NPUIOMI BUPOWYBAHHS, NPUHAUMHI, YOOOpeHHs ma elemenmis Gionocizayii. Buuwyy
BPOJNCATIHICb 2PEUKU, 6 CepPeOHbOMY 3a Oecsmb POKIE 00CAIONCeHb, 3abe3neyysana 0iono2izo-
8ana opeano-minepanvra cucmema yooopenns na pisui 2,01 m/za aka cnpusina ompumaniio epo-
acaro na 0,53 m/ea 6invute nigxe y eapianmi 6e3 6ionociuno akmusnozo npenapamy. Oxkpema Ois
6i0N1021308aHOT cucmemu YOOOPeHHs Mald HAUOLILWULL BNIUE HA YPONCANHICMb SPEUKU V 8api-
aumi 6e3 0obpue 3 npubaskoro 0,20 m/ea (15,6 %), a HalmeHwull — 3a OP2AHO-MIHEPATbHOL
cucmemu yooopenns, axa cmanosuna 0,11 m/za (6,0 %,).

Knrwuosi cnosa: epeuxa, cucmemu y0oopenHs, 0ionoizayis, ypoucatiHicms, ci6oO3MiHa.

Formulation of the problem. The decrease in soil fertility on arable land is a con-
sequence of reduced application of organic and mineral fertilizers, liming, disruption of
crop rotation, and neglect of the law of returning essential nutrients to the soil. Global
experience shows that extensive agriculture without the use of fertilizers inevitably
leads to gradual depletion of soil fertility and reduced crop productivity [10, 30, 36, 47,
50, 54].

Analysis of recent research and publications. The strategic development of agri-
cultural production in most countries is focused on ecological agriculture, high-quality
agricultural products, transition to environmentally safe technologies, and abandonment
of harmful and dangerous plant protection products that negatively affect human health
and the environment [1, 2, 14, 16, 17, 23, 24, 26, 27].

An important and essential element in this context is the use of biological plant
protection methods, which have noticeably intensified in the EU, USA, and most other
developed countries in recent decades. This contributes to the formation of a powerful
global market for environmentally friendly agricultural products, the capacity of which
has already exceeded $50 billion and is expected to continue growing [4, 9, 12, 18, 19,
21,22, 29, 31, 32, 38, 40].

The use of fertilizers in fields dramatically changes the ecological conditions of
crop vegetation and weeds and affects their interaction. In this regard, it is particularly
important to provide sufficient nitrogen, which promotes the strong development of
crops and increases shading of weeds and their suppression [3, 13, 20, 25, 48, 51].

In recent years, following Europe, the US and Canada have intensified the trend
towards biologization of crop production (starting with improving crop rotation by
including grasses and legumes). If crop rotation is too simplified and specialized, inter-
mediate and cover crops are maximally included to improve crop rotation and phytosan-
itary conditions of the main crop [5, 6, 11, 28, 39, 41, 42].

Some scientists argue that attention should be paid to the implementation of a biologi-
cal farming system — using by-products of agricultural production, cover crops, non-chem-
ical plant protection methods [35]. The importance of cover crops in modern agriculture
is due to the reproduction of organic matter, which explains their global impact on the
complex agrochemical properties of soil energy value and fertility. The reserves of humus
and nitrogen in soils are replenished mainly through the application of fertilizers and sig-
nificantly through organic matter in the form of plant residues [33, 52, 53].

Ecological fertilization systems such as plant residues, microfertilizers, humic and
microbiological fertilizers adhere to natural biological laws — accumulation of organic
matter, intensification of microbiological activity, and increased availability of nutrients
for crops [7, 8, 34, 37].
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The use of biostimulants promotes increased productivity due to the intensification
of cellular life processes in plant organisms and acceleration of biochemical processes
such as respiration and photosynthesis — resulting in better realization of the genetic
potential of plants [15, 43, 44, 45, 46, 49].

Research task. Justify the yield level of buckwheat in classical and biologized short
rotation crop rotations in the conditions of the Northern Steppe of Ukraine.

Materials and methods of research. Field research was conducted from 2014 to
2023 in the stationary field experiment of Institute of Agriculture of the Steppe, National
Academy of Agrarian Sciences.

Buckwheat was grown in a short rotation grain-row crop rotation with a 40 %
soybean saturation, which had the following sequence: 1. Soybean; 2. Winter wheat;
3. Soybean; 4. Corn for grain; 5. Buckwheat.

The technology of buckwheat cultivation was generally accepted for the Steppe
zone, except for the techniques that were under study.

Buckwheat was sown using wide-row sowing method, with a seeding rate of
2.25 million seeds/ha, in three fertilization variants (1. Without fertilizer application;
2. Mineral fertilizer system (N, P, K, ); 3. Organic-mineral (N, P, K  and by-products
of the predecessor) in classical and biologized systems.

Mineral fertilizers were applied before the main tillage in autumn. Buckwheat seeds
were treated with the biopreparation Mycofriend (1.0 1/t). The overall cultivation tech-
nology included primary tillage starting with stubble cultivation, followed by plow-
ing to a depth of 22-25 cm. Pre-sowing tillage consisted of cultivation to a depth of 5
to 8 cm.

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

The yield was measured using the continuous method by dividing the plots and har-
vesting the buckwheat using a combine harvester «Sampo 2010» when 75 % of the
buckwheat fruits were matured.

Buckwheat cultivation was carried out in the fields of the stationary experiment,
which is part of the fundamental research of the National Academy of Agrarian Sciences
on «Agricultural Systems for Optimizing Land Use in Agrolandscapes» («Agricultural
Systems and Land Use») in a short rotation grain-row crop rotation during the second,
third, and fourth rotations.

In the second rotation, the variety Krupynka was grown, in the third — the variety
Yuvileyna 100, and in the fourth — the variety Yaroslavna. These varieties belong to the
mid-early maturity group, with grain and food utilization directions, and have a poten-
tial yield of 2.5-3.0 t/ha in the conditions of the Forest-Steppe and Steppe regions of
Ukraine.

Weather conditions during the research period in 2014, 2015, 2018, 2019, 2022,
and 2023 were characterized by favorable temperature regimes and sufficient, with
some periods (April-May) experiencing excessive rainfall, which had a positive
impact on the formation of high buckwheat yields. However, they were not favorable
during critical periods for water consumption (flowering). The ripening and comple-
tion of the vegetation of buckwheat plants occurred under good thermal conditions
but with limited soil moisture reserves in the absence of precipitation. In other words,
the weather conditions during the vegetation period of these years initially favored
the establishment of the maximum yield potential of buckwheat, but due to significant
moisture deficit during fruit filling, the initially high biological yield potential could
not be realized.
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The conditions in 2016 were moderately favorable for the growth and development
of buckwheat plants, with moderately warm air temperatures and sufficient rainfall
during vegetation positively influencing buckwheat yield formation.

Unfavorable conditions for achieving a high yield level were observed during the
vegetation period of buckwheat in 2017, 2020, and 2021.

Therefore, elevated temperature regimes, insufficient rainfall, and uneven distribu-
tion of precipitation negatively affected the formation of buckwheat yields, which aver-
aged 1.68 t/ha over the 10-year research period.

Results and discussion. As it is known, buckwheat is a heat- and moisture-loving
crop, but excessive moisture and sharp fluctuations in temperature regime, especially
during critical periods of development, do not allow plants to use their biological poten-
tial and form a harvest at the level of potential. The results of our ten-year research con-
firm this. In addition, we have found that weather conditions not only affected the forma-
tion of crop productivity but also determined the share of the influence of agrotechnical
methods of cultivation, at least in terms of fertilization and elements of biologization.

The highest yields of buckwheat in our research were recorded in 2014, 2.09-2.69 t/ha.
The data presented in Figure 1 also prove that increasing the background nutrition of
plants provided an increase in yield level both in classical systems of fertilization and
in biologized ones. However, it should be noted that in this year, only the application
of mineral fertilizers under buckwheat did not provide a significant increase in yield,
+0.10 t/ha for LSDOS5 = 0.17 t/ha.
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1.86, 170 1 79
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Fig. 1. Buckwheat yield under different fertilization systems, 2014-2023*
*LSD05 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

By fertilization
system

By biopreparation | 0.14 | 0.13 | 0.13 | 0.02 | 0.05 | 0.04 | 0.03 | 0.02 | 0.07 | 0.04

0.17 | 0.16 | 0.15 | 0.02 | 0.06 | 0.05 | 0.04 | 0.02 | 0.09 | 0.05

General 024 | 023 | 0.22 | 0.03 | 0.08 | 0.07 | 0.05 | 0.03 | 0.12 | 0.08

It is believed that organic fertilizers are not directly applied under buckwheat but
are used the after effect of organic fertilizers applied to previous crops. The data anal-
ysis of our research proves that ploughing the by-products of the previous crop during
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field preparation for sowing buckwheat had the most significant effect on increasing
crop yields, and in 2014, the yield increase in the classical organo-mineral fertilization
system was 0.35 t/ha or 16.9 %. In other years, this indicator ranged from +0.24 t/ha in
2020 to +0.96 t/ha in 2022.

In biologized fertilization systems, buckwheat yield was higher than in classical sys-
tems, and this trend was observed throughout the research period. However, the share of
the influence of the biological component of the fertilization system was different, and
limiting factors of its effect were not only weather conditions but also the background
of mineral nutrition.

In 2014, which was characterized as the most productive year for the crop, the
highest yield was provided by the biologized organo-mineral fertilization system,
2.69 t/ha. The yield increase was 0.25 t/ha or 10 % compared to the system without
fertilizer application, but the effectiveness of the biopreparation in this variant was the
lowest. And if the largest yield increase of buckwheat in classical systems was obtained
with organo-mineral fertilization, then in biologized systems, it was with the application
of mineral fertilizers, +0.34 t/ha or 15.7 %.

Thus, moderate air temperatures that did not exceed 25 °C and periodic precipita-
tion during buckwheat flowering in 2014 created favorable conditions for forming high
plant productivity potential, and a long period of fruit ripening under favorable weather
conditions ensured high crop yield in combination with fertilization and seed treatment
with a biopreparation. But favorable meteorological conditions of the year somewhat
reduced the effect of both fertilizers (+4.8 t/ha or 16.9 % of yield) and the biological
component of the fertilization system (+10.0 t/ha or 15.7 %).

The yield of buckwheat in 2015 was also quite high for the conditions of the North-
ern Steppe, but slightly lower than the previous year, at 1.72-2.39 t/ha. The lack of
precipitation in the second half of the summer had a negative impact on the realization
of the plants' potential, which was laid down during flowering: the fruits were smaller
and immature on the upper branches. It should be noted that the range of yield indica-
tors in this year, 0.67 t/ha, increased, indicating an increase in the activity of the factors
we studied. The result of the influence of mineral and organo-mineral fertilization sys-
tems on buckwheat yield was within a significant difference, +0.37 t/ha or 21.7 % and
0.41 t/ha or 23.7 %, respectively, for LSD05 = 0.16 t/ha, but the yield increase compared
to the variant without fertilizer application was significant. Moreover, the activity of the
biopreparation on the background of natural plant nutrition was the highest, +0.35 t/ha
or 20.1 % ofyield, while the yield indicator was the lowest in the biologized fertilization
system, at 2.07 t/ha. There was no significant difference between crop yields in other
fertilization systems, mineral and organo-mineral, at 2.37 t/ha and 2.39 t/ha, respec-
tively, but these indicators were the highest in the conditions of that year.

Insufficient rainfall, their unevenness or absence in certain phases of buck-
wheat plant development, high air temperatures above 25 °C were the most typical
weather conditions during most years of research. In these years, particularly in 2016,
2018, 2019, 2022, and 2023, crop yields ranged from 1.02-2.40 t/ha with a range of
1.38 t/ha. It was precisely under such conditions that the use of agrotechnical techniques
was a limiting factor in forming buckwheat productivity, somewhat offsetting the nega-
tive impact of external environmental factors.

Especially interesting regarding the effect of the fertilization system were the
years 2022 and 2023. In 2022, the yield of buckwheat without fertilization was
1.02 t/ha, the lowest indicator in the years of research, excluding 2020, which deserves
separate attention. The yield increase in the classical organo-mineral fertilization system
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was 0.96 t/ha or 94.2 %, almost twice as high as in other systems (LSDO05 = 0.09 t/ha),
and this was the highest indicator in ten years of research. The effect of only mineral
fertilizers was somewhat lower, at +0.47 t/ha or 45.9 %. In the following year, 2023, due
to abundant rainfall in May-June, mineral fertilizers actively transitioned into a soluble
form, which contributed to an increase in the biological potential of plants. As a result,
the yield increase in the mineral fertilization system was within 0.60 t/ha or 54.5 %,
which was also the highest indicator in the study. At the same time, the increase in yield
in the organo-mineral fertilization system, at +0.88 t/ha or 79.6 %, was slightly lower
than in the previous year. The yield indicators of buckwheat in biologized fertilization
systems in 2023 also differed significantly from previous years. Thus, the highest effect
of the biopreparation was achieved against the background of no fertilizer application,
at +0.43 t/ha or 38.7 %, which was the highest indicator in years of research. However,
when only mineral fertilizers were applied, the yield increase due to the biological com-
ponent of the fertilization system was only 0.15 t/ha or 8.6 %, with LSDO05 = 0.04 t/ha,
but the increase was significant.

In the most unfavorable years for the crop, such as 2017, 2020, and 2021, in the
conditions of 2017, rainfall during the grain filling stage somewhat saved the situ-
ation, especially against the background of the organo-mineral fertilization system,
allowing to harvest 1.35 t/ha in the classical system and 1.44 t/ha in the biologized
system. The activity of additional nutrients and microorganisms in the soil during
this period somewhat mitigated the effects of drought and provided significant yield
increases, depending on the fertilization system, within a range of 0.77 t/ha. In the
conditions of 2020 and 2021, on the contrary, spring rains and moderate air tem-
peratures at the beginning of plant vegetation favored the establishment of the crop
potential, but the lack of rainfall until harvest suppressed the action of fertilizers
and bacterial activity. As a result, the increase in buckwheat yield due to the factors
we studied was within 0.28 t/ha in 2020 and 0.43 t/ha in 2021, the lowest in years
of research. The highest yield increases were obtained in the organo-mineral fer-
tilization system, +0.24 t/ha or 23.7 % in 2020, and +0.38 t/ha or 35.7 % in 2021.
The biologization of buckwheat cultivation technology had a greater effect in these
years in systems without fertilizer application, +0.15 t/ha or 14.8 % and 0.07 t/ha
or 6.8 %, respectively. The application of fertilizers suppressed the activity of the
biological component, but the highest yield indicators were still achieved using the
organo-mineral fertilization system and biopreparation, 1.29 t/ha and 1.49 t/ha in
2020 and 2023, respectively.

On average over ten years of research, we found that the highest yield of buckwheat
was obtained with the biologized organo-mineral fertilization system, 2.01 t/ha. Without
fertilizer application, this indicator decreased to 1.49 t/ha, but it should be noted that
the use of biopreparation provided the highest yield increase — 0.20 t/ha or 15.6 % with
LSDO05 = 0.07 t/ha (Table 1).

By classical fertilization system, the average yield of buckwheat ranged from 1.29
to 1.90 t/ha. However, plowing of crop residues of the previous culture combined with
the application of mineral fertilizers provided a higher level of crop yield, 1.90 t/ha,
compared to the biologized mineral fertilization system, 1.82 t/ha. The effectiveness of
mineral and organic substances in our study (yield increase of 0.61 t/ha or 47.6 % with
LSDO05 =0.09 t/ha) was higher than the activity of microorganisms of the biopreparation.
Theyield of buckwheat in the variant with the use of mineral fertilizers and biopreparation
increased only by 0.16 t/ha or 9.5 %, but considering the significant difference of
0.07 t/ha, the yield increase was significant.
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Table 1
Average buckwheat yield depending on the fertilization system
o Difference
Fertllltzatlon A;\(’]ellzlgzzgr by fertilization system by biopreparation
system ) tha | % tha | %
Classical
Without fertilizers 1.29 — — — —
Mineral 1.66 0.37 29.0 — —
Organo-mineral 1.90 0.61 47.6 — —
Biologized
Without fertilizers 1.49 — — 0.20 15.6
Mineral 1.82 0.33 22.1 0.16 9.5
Organo-mineral 2.01 0.53 354 0.11 6.0
by fertilization system 0.09
LSDO05 by biopreparation 0.07
General 0.13

Conclusions. Thus, the weather conditions during the research period favored high
yields of buckwheat in the conditions of the Northern Steppe. Observations indicate that
out of 10 years of research, only three years had conditions that were characterized as
unfavorable for buckwheat cultivation. Weather conditions not only influenced the for-
mation of crop yield but also determined the share of influence of agronomic practices,
at least fertilization and elements of biologization.

The biologized organo-mineral fertilization system provided higher yields of buck-
wheat, on average over ten years of research, reaching 2.01 t/ha, which resulted in a
yield increase of 0.53 t/ha compared to the variant without a biologically active prepa-
ration. The separate effect of the biologized fertilization system had the greatest impact
on the yield of buckwheat in the variant without fertilizers, with a yield increase of
0.20 t/ha (15.6 %), while the smallest impact was observed in the organo-mineral fertil-
ization system, which accounted for 0.11 t/ha (6.0 %).
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