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BIOTECHNOLOGICAL PRACTICES FOR GROWING CORN
FOR GRAIN UNDER DIFFERENT PREDECESSORS IN THE CONDITIONS
OF THE UKRAINIAN STEPPE

Abstract

An important factor that determines the grain yield and productivity of corn is the previous crop. In the conditions of insufficient
moisture in the Steppe region of Ukraine, the significance of the predecessor is determined by the accumulated moisture reserves. It is
believed that the best predecessors for corn in the Steppe conditions are winter wheat and leguminous crops, while satisfactory ones
are corn and barley, with sunflower considered a poorer predecessor. Corn can be grown in both repeated plantings and monoculture,
but the agronomic practices affecting crop productivity in such crop rotations have not been studied sufficiently.

A stationary study was established in 2005 at the Institute of Agriculture of the Steppe NAAS, with soil and climatic conditions
corresponding to the Northern Steppe zone of Ukraine. A simple modified mid-ripening hybrid DK Veles was sown in the study. Seed
inoculation was carried out with the biopreparation Mycofriend.

The research results indicate that the predecessor was a significant factor influencing the formation of grain yield and productivity
indicators of corn. When growing corn after soybeans, the average grain yield was 5.31 t/ha, after sunflower and corn predecessors it
was 3.03 t/ha and 3.25 t/ha respectively, with no significant difference in yield between sunflower and corn predecessors. There was no
significant increase in corn grain yield due to the action of the biopreparation factor, with a yield increase ranging from 0.01-0.06 t/ha,
but a more active effect of the biopreparation was noted with the sunflower predecessor. Higher productivity indicators for grain units
yield, feed units yield, and digestible protein units were achieved when growing corn after soybeans — 6.43 t/ha, 9.65 t/ha, and 0.573 t/ha
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respectively. There was no significant difference in productivity indicators between the sunflower predecessor and repeated corn
cultivation. The highest indicators for grain units yield, feed units yield, and digestible protein units were obtained under the condition
of seed inoculation with the biopreparation after the soybean predecessor — 6.44 t/ha, 9.68 t/ha, and 0.575 t/ha respectively.

Key words: corn, yield, productivity, grain units yield, feed units yield, digestible protein units.

Introduction. Corn is one of the most widespread agricultural crops in global agriculture. It is a crop with high
productivity and genetic potential, characterized by high geographical adaptability, which contributes to its spread. Corn
holds a strategic position in the world’s grain production. In Ukraine, corn occupies leading areas and is one of the most
profitable crops. [1; 3; 6; 8; 11].

An important factor that determines the yield level and productivity of corn, and which is equally important, does
not affect the cost level of its cultivation, is the previous crop. In conditions of insufficient moisture in the Ukrainian
Steppe, the importance of the predecessor is determined by accumulated moisture reserves, nutrient content in the soil,
and microflora activity [13].

The results of many studies indicate that the best predecessors for corn in the Steppe are winter wheat and legum-
inous crops, while corn and barley are satisfactory predecessors. Sunflower is considered a poorer predecessor [7].

In recent years, the areas of economically attractive crops have significantly increased, with a significant portion
being corn and sunflower [12].

The place of corn in modern crop rotations is determined not only by the crop’s reaction to the predecessor but also
by the structure of the crop rotation [9].

Scientific research has established that corn can be grown in re-repeated crops and in monoculture, but the ele-
ments of agronomy that affect the productivity of the crop in such crop rotations are insufficiently studied [7; 10].

It should be noted that corn, as a deep-rooted crop, has significant agronomic importance. Adherence to agronomy
in corn cultivation helps reduce weed populations, increase soil aeration and porosity. A crucial element of crop rotation
is burying the leaf-stem mass during harvesting to leave only the corn grain in the field. Corn is a good predecessor for
leguminous and spring grain crops.

The interaction of fertilizers with microbial preparations and their influence on plant productivity plays an import-
ant role in forming crop yields. The effectiveness of using bio-preparations depends on their compatibility with plant
physiology in specific soil-climatic conditions [14; 17].

The application of bio-preparations increases plant nutrient uptake from the soil and fertilizers, provides plants
with available forms of nitrogen, phosphorus, potassium, biologically active substances, enhances plant resistance to
biotic and abiotic stress factors and disease agents, stimulates active plant growth and development, and increases yields
[2; 4;5; 16].

Considering the importance of corn as a food and feed crop, its high economic efficiency and agronomic value,
the availability of quality seed material on the agricultural market, and the overall concept of biological farming, there
is a trend towards increasing the share of corn in short rotation crop rotations in recent years. This requires additional
research and study of specific elements of corn cultivation technology in the conditions of the northern Ukrainian Steppe.

The aim of the research. To determine the yield level and productivity of corn for grain depending on the previous
crop and seed treatment with a bio-preparation.

Research methodology. A stationary experiment was established in 2005 on plots after spring barley with similar
natural fertility and relief. The degree of soil pollution at the agricultural laboratory station where field experiments were
conducted is high, corresponding to the conditions of the northern part of the Ukrainian Steppe.

The technology of growing corn in crop rotations is generally accepted for the zone, with some practices under
study.

In the study, a simple modified mid-ripening hybrid DK Veles with a well-developed leaf apparatus and remon-
tantness was sown, making it versatile for use as grain and silage, especially in the Steppe zone. The DK Veles hybrid
is characterized by high cold and drought resistance. It is resistant to downy mildew, lodging, and vegetative wilting.
The originator is the Institute of Agriculture of the Steppe, National Academy of Agrarian Sciences of Ukraine. The year
of state registration of intellectual property rights for distribution was 2016. FAO — 270. Intended use — grain, silage.
Growing zones — Steppe, Forest-Steppe, Polissya.

Corn for grain was sown at a rate of 75 thousand seeds/ha, and at the 45 leaf stage, plant density was adjusted to
60-65 thousand plants/ha across all predecessors.

Seed inoculation was carried out with the Mycofriend preparation, the main advantages of which include: increas-
ing the area of nutrient and moisture absorption by the root system, protecting plants from root rot pathogens and seed
mold, and increasing yield.

Weather conditions during the years of the research were not favorable for obtaining high corn grain yields.

The formation of crop productivity during 2019—2020 occurred under dry conditions. The hydrothermal coefficient
from May to September 2019 was 0.67, and in 2020 it was 0.75. Due to uneven rainfall distribution in the summer months,
the hydrothermal coefficients ranged from 0.26 to 0.84 in 2019 and from 0.13 to 0.52 in 2020. The average air temperature
exceeded the norm by 4.2 °C, reaching 21.8 °C, with a sum of effective air temperatures above +10 °C totaling 1802 °C
and a sum of active (above +10 °C) temperatures reaching 3332 °C, which was 637 °C higher than the norm.
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Fig. 1. Hydrometeorological indicators of the late spring crops’ vegetation period, 2019-2023
(based on the data from the meteorological station of the Institute of Agriculture of the Steppe NAAS)

The most favorable weather conditions (based on the hydrothermal coefficient) were in 2021. In May and June,
the coefficient was 1.68, in August — 1.18, and in September — 1.59. The period from May to September had a coefficient
of 1.37, which was 0.37 higher than the norm.

The hydrothermal coefficient for the late spring crops in 2022 during the vegetation period was 0.84 (with a norm
of 1.0). The weather conditions in 2023 were generally dry and not conducive to achieving high yields and productivity.

Therefore, weather conditions during the years of the research were not sufficiently favorable for obtaining high
corn productivity.

The presentation of the main material of the research. The results of the impact of seed inoculation of corn with
the Mycofriend biopreparation on the yield level of the DK Veles hybrid depending on the predecessors sunflower, corn,
soybean are presented in Table 1.

Table 1. Corn grain yield depending on the biopreparation and predecessor, average 2019-2023

Biopreparation Predecessor Grain yield. Difference
(If)acg)or A) (factor B) i /hﬁ > for factor A for factor B

t/ha % t/ha %

Sunflower 3.03 - — —

Without inoculation Corn 3.25 - - 0.22 7.3
Soybean 5.31 — 2.28 75.1

Sunflower 3.09 0.06 2.0 — —

Seed inoculation Corn 3.27 0.02 0.6 0.18 5.7
Soybean 5.32 0.01 0.2 2.23 72.0

LSDO05, t/ha Factor A = 0.45; Factor B =0,55; Factors AB = 0,78

It was found that when growing corn after soybean, the grain yield level was the highest at 5.31 t/ha. In this variant,
the highest grain yield increase was obtained, +2.28 t/ha (75.1%) compared to the variant where sunflower was the pre-
vious crop, exceeding the significant difference according to LSDOS5 by factor B = 0.55 t/ha. There was no significant
difference in grain yield between growing corn after sunflower and corn as predecessors (0.22 t/ha). Seed treatment with
a biopreparation in our studies did not significantly affect the increase in corn yield of the DK Veles variety. The highest
yield was recorded in the variant where corn was grown after soybeans, at 5.32 t/ha, but the effect of the biopreparation
was within 0.01 t/ha (LSDO5 = 0.45 t/ha). It should be noted that a significant increase in corn grain yield was not obtained
with other predecessors, but after sunflower as a predecessor combined with the biological preparation Mycofriend pro-
vided an increase in yield at the level of 0.06 t/ha of grain (+0.02 t/ha by corn as a predecessor and +0.01 t/ha by soybeans).

The effectiveness of the predecessor factor decreased slightly under the influence of the biopreparation factor.
With seed inoculation, the increase in grain yield per corn predecessor was 0.18 t/ha, and per soybean predecessor was
2.23 t/ha (without using the biopreparation +0.22 t/ha and +2.28 t/ha respectively).
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Thus, the predecessor factor had a significant impact on corn grain yield, with a yield of 5.31 t/ha obtained when
growing corn after soybeans, which was 2.06 t/ha and 2.28 t/ha higher than with corn and sunflower predecessors. The dif-
ference in yield indicators was not significant for seed treatment with the biopreparation.

One of the main factors for the objective assessment of crop production is the level of productivity.

Analysis of recent research and publications on the impact of predecessors on corn productivity shows that repeated
crops corn has the lowest productivity. Our research has shown that yield of grain units from growing corn with sunflower
and corn as predecessors was within a significant difference (Table 2). Furthermore, planting corn crops in the same field
repeatedly contributed to slightly higher crop productivity in terms of grain units yield compared to growing corn after
sunflowers, at 3.93 t/ha and 3.67 t/ha respectively.

Table 2. Grain units yield when growing corn for grain depending on the biopreparation and predecessor,
average 2019-2023

Biopreparation Predecessor Grain units yield. Difference
(If)ac:)or A) (factor B) t/ha yield, for factor A for factor B

t/ha % t/ha %

Sunflower 3.67 - — - -

Without inoculation Corn 3.93 — - 0.27 7.3
Soybean 6.43 — — 2.76 75.1

Sunflower 3.74 0.08 2.0 — -

Seed inoculation Corn 3.96 0.02 0.6 0.21 5.7
Soybean 6.44 0.01 0.2 2.70 72.0

LSDO05, t/ha Factor A = 0.54; Factor B = 0,66; Factors AB = 0,94

The best predecessor for achieving higher productivity in our studies was soybeans. Without the use of the bioprep-
aration, we obtained 6.43 t/ha of grain units. Seed inoculation did not provide a significant increase in producivity units,
with the effectiveness of the biopreparation factor being 0.01 t/ha (LSDO05 = 0.54 t/ha). Sunflower and corn predecessors
yielded 3.74 t/ha and 3.96 t/ha of grain units, respectively, but the biopreparation Mycofriend was more effective with
the sunflower predecessor, resulting in a yield increase of 0.08 t/ha or 2.0% (compared to the corn predecessor +0.02 t/ha
or 0.06%, and soybean predecessor — 0.01 t/ha or 0.02%).

In our research, there was a trend towards forming corn productivity based on other indicators. Feed units yield
was higher when corn was grown after soybeans, 9.65 t/ha (Table 3).

The choice of this predecessor increased productivity by 4.14 t/ha or 75.1% compared to the variant where sun-
flowers were the previous crop and by 3.74 t/ha in repeated corn plantings.

There was no significant increase in corn productivity in terms of feed unit yield after using the biopreparation.

Table 3. Feed units yield when growing corn for grain depending on the biopreparation and predecessor,
average 2019-2023

Biopreparation Predecessor Feed units yield Difference
(If)acg)r A) (factor B) t/ha yield, for factor A for factor B

t/ha % t/ha %

Sunflower 5.51 — - - -

Without inoculation Corn 5.91 - — 0.40 7.3
Soybean 9.65 — - 4.14 75.1

Sunflower 5.62 0.11 2.0 - -

Seed inoculation Corn 5.94 0.03 0.6 0.32 5.7
Soybean 9.68 0.02 0.2 4.05 72.0

LSDO05, t/ha Factor A= 0.81; Factor B=1.00; Factors AB=1.41

The highest feed units yield from the main corn production was achieved with a combination of the biopreparation
and predecessor factors — 9.68 t/ha. Despite the fact that the increase in feed units yield due to the biopreparation factor
was within a significant difference, the preparation worked more effectively with the sunflower predecessor, resulting
in an increase of 0.11 t/ha or 2.0%.

Among grain crops, corn grain has the highest nutritional value. It contains a high amount of carbohydrates,
mainly starch (up to 70% or more), fat (up to 6% or more), but the lowest protein content for grain crops (6—7%). Due to
its low protein content, corn grain is not suitable for feeding young animals, lactating cows.

In our research, the indicators of yield of digestible protein ranged from 0.327-0.575 t/ha (Table 4). Choosing
a previous crop for growing corn can almost double the protein content in the grain. For example, with soybeans as a pre-
decessor, the yield of digestible protein was at 0.573 t/ha, and after seed inoculation of corn, this indicator remained
almost unchanged at 0.575 t/ha (LSDO0S5 = 0.048 t/ha).
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However, it should be noted that in crop rotations where corn was grown after sunflower and for repeated cultiva-
tion on the same field, a significant decrease digestible protein yield was observed, 0.327 t/ha and 0.351 t/ha respectively.

Table 4. Digestible protein yield when growing corn for grain depending on the biopreparation and predecessor,
average 2019-2023

Biopreparation Predecessor Digestible protein yield Difference
(If)ac:)or A) (factor B) g tr/)ha yield, for factor A for factor B

t/ha % t/ha %

Sunflower 0.327 — - — -

Without inoculation Corn 0.351 - — 0.024 7.3
Soybean 0.573 — — 0.246 75.1

Sunflower 0.334 0.007 2.0 - —

Seed inoculation Corn 0.353 0.002 0.6 0.019 5.7
Soybean 0.575 0.001 0.2 0.241 72.0

LSDO05, t/ha Factor A =0.048; Factor B = 0.059; Factors AB = 0.084

The use of the biopreparation in the corn cultivation technology did not significantly affect its productivity in terms
of digestible protein yield across all predecessors, but the highest increase was observed with the sunflower predecessor,
0.007 t/ha, which amounted to +2.0% compared to the control variant without seed inoculation.

Conclusions and prospects for further research. The results of five years of research on the impact of the bio-
preparation Mycofriend on corn cultivation with different predecessors allow the following conclusions to be drawn:

The predecessor was a significant factor influencing the yield formation and productivity indicators of the corn
hybrid DK Veles. The average grain yield of corn after soybeans was 5.31 t/ha, after sunflower and corn predecessors
3.03 t/ha and 3.25 t/ha respectively, with no significant difference in yield between them.

There was no significant increase in corn grain yield due to the action of the biopreparation factor, with a yield
increase ranging from 0.01-0.06 t’/ha. However, the biopreparation showed more active effects with the sunflower pre-
decessor.

Higher yield indicators for grain units, feed units, and digestible protein units were achieved when growing corn
after a soybean predecessor — 6.43 t/ha, 9.65 t/ha, and 0.575 t/ha respectively. There was no significant difference in pro-
ductivity indicators between the sunflower predecessor and repeated corn cultivation.

The highest indicators for grain units yield, feed units yield, and digestible protein units were obtained under
the condition of seed inoculation with the biopreparation after the soybean predecessor — 6.44 t/ha, 9.68 t/ha, and
0.575 t/ha respectively, but the effect of the biopreparation factor was not significant.
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BIOTEXHOJIOTTYHI IPUMOMM BUPOIIIYBAHHS KYKYPY/I3U
HA 3EPHO IO PI3HUM IONEPEJHUKAM B YMOBAX CTEIIY YKPATHH

Anomauisn
Baoicnusum paxmopom, sikuil 6U3HAUAE Pi6eHb BPONCAUHOCIL 3PHA MA NPOOYKIMUGHOCHIE KYKYPYO3U, € NONEPeOHsl KYIbhypd.
B ymosax nedocmammuvozo 36onoocennss Cmeny VKpainu 3HaueHHs nOnepeOHUKa GU3HAYAEMbCS HAKONUYEHUMU 3ANAcami 60NIO2U.
Icnye oymka, wo Kpawumu nonepedHuxamu 0as KyKypyosu ¢ ymoeax Cmeny € nuieHuys o3uma, 3epHo60006i Kyibmypu, 3a008ilb-
HUMU — KYKYPYO3Q, SAYMIHb, d COHAUHUK HANEHCUMb 00 2IPUWUX NONepeoHuKis. Kykypyosy 0onycmumo upowyeamu i 6 HOSMOPHUX
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nocieax ma 6 MOHOKYIbMYpI, aie eremMeHmu a2poOmexniKu, sKi GNau6aoms Ha nPOOYKMUGHICMb KYIbMypU 8 MAaKUX Ci603MIHAX 6UGUEHI
HeooCmammubo.

Cmayionapnuii docnio 6ye sakaadenuti y 2005 poyi na 6asi Incmumymy cinocvroco eocnodapemsea Cmeny HAAH, tpynmo-
60-KIIMAMUYHI YMOBU MICYSL NPOGEOeHH sl 00CTiOdceHb 6ionosioaioms 30ui Ilisniuno2o Cmeny Ykpainu. Y docnioi eucieanu npocmuil
Mooupirosanuii cepednvopannii 2iopuo JJK Benec. Inoxynayiro nacinns nposoounu npenapamom Mikoghpeno.

Pezynomamu docniodicens ceiouams npo me, wo Gaxmopom, KUl iCmomHo niu6as Ha hopMy8anHs 8POICAUHOCME Ma NOKA3-
HUKI8 NPOOYKMUBHOCI KYKypyO3u, 6Y8 nonepedHux. 3a eupousysanhs KyKypyosu niciis coi cepeons epodicauHicmov 3epna Oyia Ha
pisnui 5,31 m/za, no nonepednuxax conssunuxy ma kykypyosi 3,03 m/ea ma 3,25 m/2a 6i0nogiono, pisHuys 8poNCAuHOCMI no nonepe-
OHUKAX COHSUWHUKY ma KYKypyo3i 6yna neicmommoio. He Oyno ecmanoeneno cymmego2o nioguuenis 6pOACAiUHOCMI 3epHa KYKypyO3u
3a paxynok 0ii pakmopy bionpenapamy, npubasxa epooicaio 6yna & medxcax 0,01-0,06 m/2a, ane 6inou axmuenoio Jis 6Gionpenapamy
BIOMIYANACS 30 NONEPEOHUKOM COHSIMHUK. Buwyi nokasHuku npooykmugHocmi 3a 300pom 3epHOBUX, KOPMOBUX 0OUHUYbL Md Nepempag-
HO20 npomeiny Oyau 3a UPOWYSaHHs KyKypyo3u nicis coi — 6,43 m/ea, 9,65 m/ea ma 0,573 m/ea 6ionosiono. He cnocmepicanu
icmomuoi pisHuyi Midic NOKA3HUKAMU NPOOYKMUBHOCHE NO NONEPEOHUKY COHAUHUK MA 30 NOBMOPHO20 GUPOWYE8AHHS KYKYPYO3u. Buwyi
NOKA3HUKU 300pY 3ePHOBUX, KOPMOBUX 0OUHUYbL MA NEPEMPABHO20 NPOMEIHY OMPUMATU 3a YMOBU [HOKYAAYIT HaciuHs bionpenapamom
no nonepedHuxy cosi — 6,44 m/za, 9,68 m/za ma 0,575 m/2a 6ionosiono.

Knrwouosi cnosa: kykypyosa, yposicaiinicms, npoOyKIMUGHICb, 3ePHOSI 0OUHUYL, KOPMOGI 00UHUYI, BUXIO NEPEMPABHO20 NPO-
meimny.
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