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INTRODUCTION

The rapid growth in corn production is attributed to its high feed, food,
and technical qualities, as well as an exceptionally positive response to
modern technological developments, including the use of precision irrigation.
Key elements of the cultivation technology for different maturity group
hybrids of corn include plant density and the use of cutting-edge growth-
regulating agents, allowing for the most effective utilization of the
agroecological potential of southern Ukraine®.

Southern Ukraine is a unique region where the effectiveness of any
agricultural intervention is influenced by the level of moisture supply.
Unpredictable responses of different corn hybrids are possible due to the
region’s climate peculiarities, necessitating adjustments in the cultivation
technology in the required direction?.

1. Biometric indicators of corn hybrids of different FAO groups
depend on the elements of technology

The productivity of cultivating agricultural crops, including corn,
significantly depends on adhering to the fundamental element of technology —
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planting density. Plant density affects the supply of corn plants with the
essential factors of life, namely, heat and moisture, and consequently, their
growth and development. The formation of optimal linear dimensions of
plants is not only about suitability for mechanized cultivation and harvesting
but also a component of the photosynthetic system, which determines the
amount of organic matter produced during photosynthesis®.

It is known that for suitability for mechanized harvesting, the height of
corn plants and the height of ear attachment play a role*. Studies have
demonstrated that the height of ear attachment is in a strong positive
correlation with the height of plants® 8. Plant height and ear attachment in corn
are integral features of the biological characteristics of hybrids and are always
in certain proportions with other morphological features characteristic of a
specific genotype group of hybrids. These are essential indicators of plant
response to cultivation conditions”®. These features affect the quality of
harvesting, its speed, and energy consumption. The taller the plants, the higher
the harvesting costs. Therefore, it’s important for grain-type hybrids to have
shorter plant heights (250-275 cm) and optimal (not less than 50 cm) ear
attachment®.

Plant height and ear attachment height depend on the biological
characteristics of plants and the conditions of their cultivation. The absence of
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moisture in the soil and high temperatures reduce both plant height and ear
attachment height?°.

Additionally, plant height and ear attachment height have a significant
impact on the resistance of corn plants to lodging. Plant height has a reverse
correlation with the degree of stem rot infection (although it’s relatively low).
However, a positive correlation has been established between plant lodging
and ear attachment height. These factors need to be considered when
developing an optimal hybrid model. Clearly, shifting the center of gravity of
plants higher above the ground in genotypes with higher ear placement
reduces the mechanical stem breakage due to diseases and damage. Therefore,
ear attachment height should have certain limitations, but optimal parameters
for ear placement need to be determined for specific genotype groups and,
primarily, for hybrids with different vegetation periods. Plant height and ear
attachment height depend on the biological characteristics of plants and the
conditions of their cultivation®®,

Research on the Changes in Morphological Indicators and Yield of Corn
Hybrids Depending on Planting Density and the Use of Bio-Preparations is
essential and relevant. It especially demands studying the correlation between
morphological indicators and grain yield of innovative corn hybrids under the
conditions of a new irrigation method — drip irrigation.

The research results have established a significant relationship between
the linear dimensions of plants, genetic features of the hybrid, plant density,
and the application of bio-preparations (Table 1).

According to the consolidated research data, it has been established that
the height of corn hybrids significantly depends on the duration of their
vegetation period. For instance, in early-maturing corn hybrid “Stepoviy”, the
average plant height over three years was 229.2 cm, in the mid-maturing
hybrid “Kakhovskiy”, it was 267.7 cm, and in the group of mid-late hybrids,
“Chongar” and “Arabat”, it was 280.2 cm and 279.3 cm, respectively. This
trend shows that the extension of the vegetation period increases the plant
height in corn hybrids.

Plant height is significantly influenced by the application of bio-
preparations in corn hybrids. The maximum plant height was obtained through
the application of bio-preparations. Over three years, the plant height for
“Khelaft kombi” treatment averaged 265.6 cm, and for “Bio-gel” treatment, it

10 Cikanosa O. B., Isnesa T. B., Jlepkau 1. B., Uepno6aii JI. M. Hosuii Buxinuuii Matepian
KyKYPYZA3d 3 KOMIUICKCOM I[IHHUX CEJEKUIfHNX O3HAK Ta BIACTUBOCTEH. [ ememuuni pecypcu
pocaun. 2011. Ne 9. C. 131-137.

1 Jlappunenko 0. O., Ilnotkin C. Sl Ta in. AfanTUBHA XapaKTepUCTHKA HOBUX TiOpHIiB
KyKypym3u. Taspiiicokuii naykosuil gicHuxk . 30ipHAK HaykoBux npamb XJIAY. Xepcon : Aifnanr,
2007. Bumn. 52. C. 76-82.
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was 264.1 cm. The height increment compared to the control variant was
2.9 cm and 1.4 cm, respectively.

Table 1

Plant height of corn hybrids depending on plant density and the action
of biological preparations, cm (average for 2018-2020)

DF;Ir?sri]:y Treatment with Preparations Average
Hybrid | thousands (Factor C) for Factor
(Factor A) of Control, .
plants/ha no Bio-Gel ggﬁgg A B
(Factor B) | treatment
Stepovyi 70 223,9 2242 | 225,6 224.6
(FAO 190) 80 228,9 230,7 | 232,8 | 229,2 | 230,8
90 230,8 2325 | 233,7 232,3
Average 2279 229,1 230,7
Kakhovskyi 70 263,5 2654 | 266,8 265,2
(FAO 380) 80 264.,8 266,4 | 267,7 | 267,7 | 266,3
90 270,7 2712 | 2729 2716
Average 266,3 267,7 | 269,1
Chongar 70 272,2 275,8 | 276,7 2749
(FAO 420) 80 277,7 2785 | 280,7 | 280,2 | 279,0
90 2848 286,5 | 2864 285,6
Average 278,2 280,3 | 2819
70 270,5 2711 | 272,3 271,3
Arabat
(FAO 430) 80 279,3 280,4 | 2816 | 279,3 | 280,4
90 2849 286,3 | 2878 286,3
Average 278,3 279,3 | 280,6
Average for
Eactor C 262,7 264,1 | 265,6
Significance Assessment of Partial Differences
HIPgs, cm A=6,52-6,73; B=2,12-2,59; C=1,12-1,19

Regarding plant height at different planting densities, higher plant density
leads to increased linear plant height, with the maximum height observed at a
density of 90,000 plants per hectare.

The maximum plant height of 287.8 cm was observed in the hybrid
“Arabat” at a planting density of 90,000 plants per hectare and with the
treatment of the “Khelaft kombi” preparation.
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Analyzing previous studies on the line-parent components of the hybrids
being researched, it is possible to make a comparison between the lines and
the hybrids created based on them. In the parent component lines, plant height
depended on the plant’s genotype rather than the vegetation period’s duration.
In the hybrids created using these lines, plant height increased with a longer
vegetation period. The application of bio-preparations increased plant height
in both the parent components and the hybrids. Higher plant density leads to
increased linear plant height in both the parent components and the hybrids.

In our research, there was a clear pattern of increased attachment height of
the upper (productive) ear on the plant with increased planting density from
70,000 to 90,000 plants per hectare (Table 2).

Table 2
Height of attachment of the upper (productive) ear of corn hybrids
depending on plant density and the action of biological preparations, cm
(average for 2018-2020)

. . Average for
Plant Treatment with Preparations Factor
Hybrid Density (Factor C)
(Factor A) thousands Controi :
of plantstha| “ontrol, | Helafit A B
(Factor B) no Bio-Gel Combi
treatment
Stepovyi 70 95,1 96,1 96,5 95,9
(FAO 190) 80 95,8 96,3 96,7 97,1 96,3
90 98,1 99,7 99,9 99,2
Average 96,3 97,4 97,7
Kakhovskyi 70 106,4 107,3 107,9 107,2
(FAO 380) 80 107,6 108,3 108,5 108,1 | 108,1
90 108,7 108,9 109,5 109,0
Average 107,6 108,2 108,6
Chongar 70 118,7 119,1 119,8 119,2
(FAO 420) 80 119,9 120,5 121,6 120,4 | 120,7
90 120,5 1213 1224 1214
Average 119,7 120,3 121,3
Arabat 70 119,9 120,2 1215 120,5
(FAO 430) 80 122,6 123,7 124,6 1229 | 123,6
90 1235 124,6 125,4 124,5
Average 122,0 122,8 123,8
Average for
Factor C 1114 112,2 1129
Significance Assessment of Partial Differences
HIPos, cm A=4,52-473; B=1,06-1,19; C=0,17-0,25

174



In the average for the years of research, the hybrid “Stepoviy” (FAO 190)
showed a 3.4 % increase in ear attachment height, indicating a stronger
response to higher planting density in early-maturing hybrids. The mid-
maturing hybrid “Kakhovskiy” and the mid-late hybrids “Chongar” displayed
an ear attachment height increase of 1.6 % to 1.8 % with increased plant
density from 70,000 to 90,000 plants per hectare, indicating a minor response
to higher density for these hybrids.

Among the studied hybrids, the tallest ear attachment height was observed
in the mid-late hybrid “Arabat”, with an average of 122.9 cm, while the
shortest height was observed in the hybrid “Stepoviy” at 97.1 cm.

On average in the study, the application of bio-preparations influenced the
height of ear attachment: in the control variant— 111.4 cm, “Bio-gel”
increased ear attachment height by 0.8 cm or 0.7 %, and “Khelaft kombi”
increased it by 1.5 cmor 1.3 %.

The height of ear attachment changed in both the parent components and the
hybrids created based on them. In dense plantings, ears were positioned higher on
the plant stems than in sparse variants. The application of bio-preparations
increased the height of ear attachment in both the parent components and the
hybrids. However, unlike the parent components, where ear attachment height
was not dependent on the FAO group, in the hybrids created based on them, ear
attachment height was influenced by the duration of the vegetation period.

We conducted the identification of hybrids based on the characteristic:
“plant: ratio of ear attachment height to plant height”. The index for the
studied hybrids ranged from 0.402 to 0.446 (Table 3).

In order to investigate the correlation between the morphological
parameters of maize hybrid plants, coefficients of correlation were determined
between the height of the plants, the height at which the cobs were attached,
and the index of their relationship.

According to the literature sources*> %1 there is a positive correlation
between the height of the plant and the height at which the cobs are attached
in maize hybrids, but it is not stable over the years and varies within the range
of 0.270-0.880. In the studies conducted by V. Yu. Cherchel,
V. A. Marochko, and M. M. Tagantsova, a high level of reliability revealed a

12 Yyymiit U. T1., Mopryn B. B. T'eHeTHuHi OCHOBM Ta METOAM CeJEKIlii CKOPOCTHIIHX
ribpuais kykypym3u. Kuis : Haykosa qymka, 1990. 284 c.

¥ Nomammes I1. I1., JIsro6enpkuii B. B., Koctiouenko B. W. Cenekuis kykypymsu. Kuis :
Arponpom, 1992. 208 c.

14 Bosxerosa P. A., Jlaspunenko FO. O., Mapuenxo T. FO., 3a6apa I1. I1., ITinapceka O. O.
MopdoonoriuHi MokasHUKH TiOpUAIB KyKypya3u pisHux rpyn ®AO 3aiexHO BiJ elIeMEHTIB
TEXHOJIOTI] 3a yMOB 3polucHHs. Agpapmi innosayii. 2021. Ne 8. C.91-99. https://doi.org/
10.32848/agrar.innov.2021.8.14
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correlation between these parameters (r = 0.602). The growing conditions do
not lead to significant changes in these relationships®®.

Table 3
Index of the ratio of ear attachment height to plant height in corn
hybrids depending on plant density and the action of biological
preparations (average for 2018-2020)

. . Average for
Plant Treatment with Preparations Factor
Hybrid Density (Factor C)
(Factor A) thousands Controi :
of plants/ha O'goro " | Bio.Gel | Helafit A B

(FactorB) | 4 eatment Combi
Stepovyi 70 0,425 0,429 0,428 0,427
(FAO 190) 80 0,419 0,417 0,415 0,423 | 0,417
90 0,425 0,429 0,427 0,427

Average 0,423 0,425 0,423
Kakhovskyi 70 0,404 0,404 0,404 0,404
(FAO 380) 80 0,406 0,407 0,405 0,403 | 0,406
90 0,402 0,402 0,401 0,401

Average 0,404 0,404 0,403
70 0,436 0,432 0,433 0,433
Eﬁonggr 80 0,432 0433 | 0433 | 0429 | 0432
(FAQ 420) 90 0,423 0,423 0,424 0,423

Average 0,430 0,429 0,430
Arabat 70 0,443 0,443 0,446 0,444
(FAO 430) 80 0,439 0,441 0,442 | 0,440 {0,440
90 0,433 0,435 0,436 0,434

Average 0,438 0,440 0,441

Average for 0,424 0425 | 0424

Factor C
Significance Assessment of Partial Differences

HIPos | A=0,009-0,0012; B=0,0023-0,0029; C=0,002-0,005

The analysis of the relationship between the biometric parameters of the
plant and the ’index of the attachment height of the cobs to the plant height’
showed that the formation of this index depends on the height at which the
cobs are attached, with a correlation coefficient of r = 0.513. The height of the

3 Yepuens B. 10., Mapouko B. A., Tarannosa M. M. OGrpyHTyBaHHS iHJEKCY CIIiBBigHO-
IICHHS BUCOTH NMPHKPIIUICHHs BEPXHBOTO KauaHa JI0 BUCOTH POCIIMHHM TiOpuaiB KyKypyasu (Zea
mays L.). Copmoeusuenns ma oxopona npagé na copmu pociun. 2014. Ne2. C.40-44.
https://doi.org/10.21498/2518-1017.2 (23).2014.56127
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plants with the ’index of attachment’ provided an unstable level of
dependency, characterized by a low coefficient of r =0.199.

The correlation coefficient between the height of the plants and the height
at which the cobs are attached is sufficiently high and stable, which is a
predictable phenomenon (r=0.937). There is also a sufficiently high
correlation between the ’index of the attachment height of the cobs to the plant
height” and the grain yield of maize hybrids (r = 0.687). Therefore, the *index
of attachment height of the cobs to the plant height’ can be used not only for
conducting expertise on the distinctiveness, uniformity, and stability of maize
hybrids but also as an indicative feature for selecting for high grain yield.

The range of variation for the “attachment index” in maize hybrids over
the years of study ranged from 0.401 (hybrid Kakhovsky with a plant density
of 90,000 plants/ha and treatment with Helafit Combi) to 0.436 (hybrid Arabat
with a plant density of 90,000 plants/ha and treatment with Helafit Combi).
The largest fluctuations of this parameter over the years of research were
observed in the Steppe hybrid (FAO 190) with a range of 0.014. The hybrid
Kakhovsky showed the smallest fluctuations with a range of 0.006.

It should be noted that all hybrids exhibited a sufficiently stable expression
of this trait. In other words, the ratio of cob attachment height to plant height
is a genetically determined trait that can be easily identified in corn samples
and can be used for describing and characterizing new materials.

2. Grain yield of maize hybrids of different FAO groups
under irrigation conditions

The observations conducted indicate that grain yield is influenced by the
hybrid’s genotype, plant density, and the application of biological agents.
It has been established that the highest grain yield was achieved by the mid-
late maturity hybrid Arabat, with an average yield of 17.65 tons per hectare
(t/ha) (Table 4).

The highest grain yield, on average, was observed in mid-late maturity
hybrids Chongar and Arabat, ranging from 16.48 to 16.53 tons per hectare
(t/ha). The application of biopreparations significantly influenced the grain
yield increase compared to untreated control. The grain yield increase in
Chongar and Arabat hybrids was in the range of 0.25 to 0.44 t/ha and 0.42 to
0.73 t/ha, respectively.

Among the tested preparations, Helaphyte Combo proved to be the most
effective. For instance, the early-maturing hybrid Stepovyi showed the highest
grain yield when using this preparation, reaching 11.53 t/ha, with a yield
increase of 1.04 t/ha or 9.9 %. The mid-late maturity hybrid Kahovskyy
demonstrated a grain yield of 12.77 t/ha when using Helaphyte Combo,
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resulting in a yield increase of 1.14 t/ha or 9.8 %. Chongar, a mid-late maturity
hybrid, achieved a grain yield of 16.71 t/ha with the use of Helaphyte Combo,
representing a yield increase of 0.44 t/ha or 2.63 %. Arabat, another mid-late
maturity hybrid, obtained a grain yield of 16.91 t/ha using Helaphyte Combo,
with a yield increase of 0.73 t/ha or 4.31 %.

Table 4
Grain Yield of Maize Hybrids as Dependent on Plant Density and the
Application of Biological Agents, t/ha (average for 2018-2020)

Average for
Plant Treatment with Preparations Factor
Hybrid hDensity (Factor C) A B
(Factor A) thousands
of plants/ha| Control, Helafit
(Factor B) no Bio-Gel Combi
treatment
. 70 10,41 10,95 11,16 10,79
(ﬁ‘fg"i’g&) 80 10,54 11,35 | 11,78 | 11,06 | 11,05
90 10,69 11,57 11,87 11,36
Average 10,49 11,19 11,53
Kakhovskyi 70 11,26 12,35 12,48 12,03
(FAO 380) 80 11,96 12,55 12,89 | 12,28 | 12,47
90 11,68 12,41 12,94 12,34
Average 11,63 12,44 12,77
Chongar 70 16,84 16,94 17,57 17,20
(FAO 420) 80 16,81 17,18 17,36 | 16,48 | 16,97
90 15,15 15,84 16,15 15,26
Average 16,27 16,46 16,71
70 17,08 17,16 17,65 17,31
Arabat
(FAO 430) 80 16,31 16,76 17,21 | 16,53 | 16,76
90 15,15 15,54 15,88 15,52
Average 16,18 16,49 16,91
Average for Factor C 13,64 14,15 14,48
Significance Assessment of Partial Differences
HIPos, T/ra | A=2,18-2,25; B=1,17-1,19; C=0,23-0,32

Plant density had a notable impact on the grain yield of hybrids. Optimal
plant density for achieving maximum vyield was determined for hybrids of
different maturity groups.

The early-maturing hybrid Stepovyi achieved maximum vyield at a plant
density of 90,000 plants/ha, with a yield of 11.36 t/ha. Reducing plant density
to 80,000 plants/ha resulted in a yield decrease of 2.72 %, and further
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decreasing the density to 70,000 plants/ha led to a grain yield reduction
of 5.02 %.

The mid-late maturity hybrid Kahovskyy achieved its maximum grain
yield of 12.47 t/ha at a plant density of 80,000 plants/ha. Reducing the plant
density to 70,000 plants/ha resulted in a yield decrease of 3.52 %, while
increasing the density to 90,000 plants/ha led to a yield reduction of 1.04 %.

The mid-late maturity hybrids Chongar and Arabat attained their
maximum grain yields at a plant density of 70,000 plants/ha, producing
17.20 t/ha and 17.31 t/ha, respectively. Increasing the plant density to
80,000 plants/ha caused a tendency for the grain yield of these hybrids to
decrease by 1.33% to 3.18%. A further increase in plant density
to 90,000 plants/ha resulted in a significant yield drop of 10.34 % to 11.27 %
compared to the 70,000 plants/ha density.

In the study, the hybrid Arabat (FAO 420) showed its maximum grain
yield at a plant density of 70,000 plants/ha with treatment using the Helaphyte
Combo preparation, reaching 17.65 t/ha.

CONCLUSIONS

1. Plant growth processes in corn are significant for the formation of
aboveground biomass and maximum productivity. The architecture of corn
plants serves as an indicative feature of hybrid potential productivity and
provides an informative foundation for assessing the effect of individual
technological elements.

2.1t has been established that the height of plants is significantly
influenced by the duration of the plant’s vegetative period. For instance, in the
early-maturing corn hybrid Stepovyy, the average plant height over three
years was 229.2 c¢cm, while in the mid-early hybrid Kahovskyy, it was
267.7 cm. In the mid-late hybrids Chongar and Arabat, it reached 280.2 and
279.3 cm, respectively. This trend indicates that extending the vegetative
period leads to increased plant height in corn hybrids. Additionally, it was
found that plant height was significantly affected by the application of
biopreparations to corn hybrids. Over the three years, the maximum plant
height was achieved by treating with the Helaphyte Combo preparation,
resulting in plant heights of 265.6 cm, compared to 264.1 cm for the Bio-Gel
treatment. This represented an increase of 2.9 cm and 1.4 cm, respectively,
compared to the control variant.

3. The height of attachment of the upper (productive) cob was influenced
by the application of biopreparations. In the control variant, the attachment
height was 111.4 cm. Treatment with Bio-Gel increased the attachment height
by 0.8 cm or 0.7 %, while Helaphyte Combo raised it by 1.5 cm or 1.3 %.
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4. The relationship between the height of cob attachment and plant height
is genetically determined and provides an effective means of identifying corn
samples for describing and characterizing new materials.

5. It was determined that mid-late hybrids are negatively affected by
increased plant density. These hybrids achieve their maximum yields at a plant
density of 70,000 plants/ha, producing 17.20-17.31 t/ha, but their yield
sharply declines to 15.26-15.52 t/ha at higher planting densities. Mid-early
hybrids reach maximum yields at a density of 80,000 plants/ha, producing
12.47 t/ha, while early-maturing hybrids achieve maximum yields at a density
of 90,000 plants/ha, resulting in yields of 11.36 t/ha.

6. Among the biopreparations, Helaphyte Combo proved to be the most
effective. For example, the early-maturing hybrid Stepovyy displayed the
highest grain yield with its use, reaching 11.53 t/ha, which represented a 9.9 %
increase over the control. The mid-early hybrid Kahovskyy achieved a yield
of 12.77 t/ha with the application of Helaphyte Combo, an increase of 9.8 %.
The mid-early hybrid Chongar reached a yield of 16.71 t/ha with the
application of Helaphyte Combo, an increase of 2.63 %. The mid-early hybrid
Arabat achieved a yield of 16.91 t/ha with the application of Helaphyte
Combo, an increase of 4.31 %.

SUMMARY

The architecture of corn plants serves as an indicative feature of hybrid
potential productivity and provides an informative foundation for assessing
the effect of individual technological elements. Research on the
morphological changes and yields of innovative corn hybrids under different
planting densities and biopreparation treatments is essential and relevant.
Particularly, the study of the relationship between morphological indicators
and grain yields of innovative corn hybrids under drip surface irrigation is
crucial.

It has been determined that mid-late hybrids respond negatively to
increased planting densities. Mid-late hybrids achieve maximum vyields at a
plant density of 70,000 plants/ha, producing 17.20-17.31 t/ha, and their yields
sharply decrease to 15.26-15.52 t/ha at higher planting densities. Mid-early
hybrids reach their maximum yields at a density of 80,000 plants/ha, resulting
in yields of 12.47 t/ha, while early-maturing hybrids achieve maximum yields
at a density of 90,000 plants/ha, producing 11.36 t/ha.

Among the biopreparations, Helaphyte Combo has proven to be the most
effective. For example, the early-maturing hybrid Stepovyy achieved the
highest grain yield with its use, reaching 11.53 t/ha, which represented a 9.9 %
increase over the control. The mid-early hybrid Kahovskyy achieved a yield
of 12.77 t/ha with the application of Helaphyte Combo, resulting in a yield
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increase of 9.8 %. The mid-early hybrid Chongar reached a yield of 16.71 t/ha
with the application of Helaphyte Combo, achieving a yield increase of
2.63 %. The mid-early hybrid Arabat achieved a yield of 16.91 t/ha with the
application of Helaphyte Combo, resulting in a yield increase of 4.31 %.
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