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RESPONSE OF MAIZE HYBRIDS ON INCREASING PLANT DENSITY
IN THE AGROCENOSIS IN THE NORTHERN STEPPE OF UKRAINE
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Topicality. The plant density is an important agrotechnical technique in the agronomic design of
an agrocenosis and managing the productivity of hybrids. Variations in plant density affect the growing
conditions in the agrocenosis and lead to changes in the quantitative characteristics of plants. Therefore, the
study of the effect of plant density on the formation of individual plant productivity and the response of hy-
brids to cultivation with different plant density in arid conditions of the Steppe becoming relevant and im-
portant scientific task. Purpose. The primary objective was studying the responses of maize hybrids to
crowding stress, identifying hybrids resistant to growing in thickening of crops, determining the optimal
plant density for each of the studied hybrids. Materials and Methods. Five mid-early maize hybrids were
tested in the experiment: DB Khotyn, SY Rotango, SY Scorpius, SY Chorintos, Adevey. The studied plant den-
sity in agrocenoses before harvesting was 40,000, 60,000 and 80,000 plants/ha. The studies were carried out
in accordance with generally accepted methods in crop production and animal husbandry. Results. SY Ro-
tango hybrid had a strong susceptibility to crowding stress in agrocenoses with increased plants density.
Increasing plant density did not enhance the yield of the SY Rotango hybrid. The plants density
of 60,000 plants /ha ensured the formation of maximum yields for the hybrids DB Khotyn (7.43 t/ha),
SY Scorpius (8.4 t/ha), SY Chorintos (8.54 t/ha). SY Chorintos hybrid had a parabolic nature of yield for-
mation, i.e. yield increase up to a density of 60 thousand/ha and yield decrease with an increase in density to
80,000 plants /ha. The Adevey hybrid had a low susceptibility to the crowding stress and formed a maximum
yield of 7.63 t/ha in crops with a plant density of 80 thousand/ha. Conclusions. In the arid conditions of the
Steppe, plant density is one of the main methods for managing plant productivity and the yields of maize hy-
brids. The level of yields is determined by the peculiarities of the relationship between factors of the agroce-
nosis: plant density, number of ears per plant, grain weight per ear, yield. Maize hybrids of the same maturi-
ty group respond differently to growing conditions with different plant densities in agrocenoses. The SY Ro-
tango hybrid, which has high susceptibility to the crowding stress, is not intended for cultivation in high-
density agrocenoses. The Adevey hybrid is recommended for cultivation in agrocenoses with increased plant
density in the arid conditions of the Northern Steppe of Ukraine.
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Introduction. Maize is an important grain
and energy crop that plays a significant role in
the grain balance of Ukraine. The successful
strategy of maize breeding based on heterosis,
the development of new hybrids, continuous
genetic improvements in hybrids, the develop-
ment and implementation of high-yielding culti-
vation technologies have contributed to the ex-
pansion of both the sown and geographical areas
of this crop [1, 2].

Recent advances in breeding of maize hy-
brids and scientifically based cultivation tech-
nologies make it possible to obtain high grain
yields in agrocenoses. However, in current agri-
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cultural production, the actual grain yield of
maize hybrids averages about 65 % of the po-
tential genetic yield under rainfed conditions [3,
4]. High yields in the conditions of an agricul-
tural enterprise, while reducing the difference
between the actual and potential yields of a
maize hybrid, are achieved by using properly
selected elements of varietal agricultural meth-
ods in growing technology. The indicator of
grain yield is the product of grain weight per
plant and number of plants per unit area, as a
result, the actual yield can be improved by in-
creasing the number of plants in the agrocenosis
[5, 6].
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Management options for yields in agroce-
noses, which reduce the difference between ac-
tual and potential yields and improve the effi-
ciency of growing maize hybrids, are deter-
mined by the plant density. The yields of maize
hybrids are determined by quantitative traits: the
grain weight harvested per unit area and the ave-
rage grain weight per plant. These yield traits
have different manifestations depending on the
growing conditions and the genotype of the hy-
brid. However, the greatest yield variation in
maize hybrids is due to grain weight per plant.
Understanding the processes of grain weight
formation per plant is crucial for determining
plant density in maize cultivation technology
and increasing yields per unit area [7-9].

Plant density in the agrocenosis is one of
the key factors in the cultivation technology of
maize hybrids, determining the efficiency of
plant growth and development, helping to ma-
ximise the genetic productivity of plants and
ensure the most efficient utilisation of soil mois-
ture and nutrient reserves. The number of plants
per unit area in the agrocenosis is one of the el-
ements of varietal agricultural methods that has
a significant impact on the formation of quanti-
tative traits of maize (the number of ear, the
number of kernels per ear, the grain weight per
ear), and as a result, has an important impact on
the actual yield of maize hybrids. According to
research, changes in plant density have a strong
effect on maize hybrids, which have different
responses to changing growing conditions. Stu-
dies have shown that increasing plant density has a
positive, neutral and negative effect on the grain
yield formation in maize hybrids [10-13].

Increasing the plant density within the
limiting level leads to an increased grain yield
of maize hybrids in the agrocenosis. When the
limiting threshold of plant density is reached,
the yield decreases depending on the physiolog-
ical and biological properties of the genotype
due to competition between plants in the agro-
cenosis. Increased competition between maize
plants in agrocenoses for growth and develop-
ment resources (light, moisture, and nutrients)
results in a decrease in dry matter accumulation,
disruption of biomass redistribution between the
vegetative and generative parts of the plant, and
a yield decrease [14-16].

Steadily increasing plant density rate, as a
factor in vyield formation, leads to crowding

130

3epnosi kynomypu. Tom 8. Ne 1. 2024. C. 129-136

stress of the maize hybrids. Modern maize hyb-
rids with high resistance to crowding stress en-
sure the high grain yields [17, 18].

However, during plant growth and devel-
opment of the modern maize hybrids, the com-
petition for resources between plants leads to
high variability of morphological qualitative and
quantitative traits, as well as to a decrease in the
development rate. According to observations,
increased plant density is accompanied by poo-
rer root biomass, which leads to a lower ability
of maize plants to consume moisture and nutri-
ents from the soil, as well as a decrease in po-
tential grain yield [19, 20].

Competition for resources among maize
plants in the agrocenosis increases significantly
from the flowering stage and to the beginning of
physiological ripeness. During these stages of
maize development, the growing conditions are
crucial for the formation of grain weight per
plant and grain weight per unit area. These
quantitative traits, which have the dependence
on the growing conditions at different plant den-
sities and the crowding stress in the agrocenosis,
determine the final yield of maize hybrids. By
the end of the flowering stage, the maize plants
accumulate about 50.0 % of the total dry matter
in the process of yield formation. Therefore, the
crowding stress during this period can negative-
ly affect the accumulation rate of assimilates in
the maize plants, as well as the formation of
quantitative traits and yields. In addition, the
genotype of maize hybrids plays an important
role in the formation of quantitative traits and
yields through the stability of its physiological
properties, namely the response of maize plants
to crowding stress [21-23].

Plant density can determine the level of
formation of quantitative traits of productivity
and yield of maize hybrids, which is a factor
that controls the plant growth and development
in the agrocenosis, as well as the response of the
maize hybrids to crowding stress [24, 25].

The research was aimed to establish the
optimal plant density of maize hybrids in the
agrocenosis and their response to changes of
growing conditions, as well as resistance to
crowding stress in the arid conditions of the
Northern Steppe of Ukraine.

Based on the operational requirements, the
experiment was conducted to assess the re-
sistance of maize the hybrids to crowding stress
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and to determine the optimal plant density in the
agrocenosis for forming the maximum grain
yield.

Materials and Methods. During 2021-
2023, the studies were carried out in Komisa-
rivka ALLC (Agricultural Limited Liability
Company) of the Dnipropetrovsk region.

The soil cover of the experimental plots
is represented by ordinary low-humus cherno-
zems of medium thickness on loess. The humus
content in the arable layer of 0-30 cm of full-
profile chernozems varies from 3.8 to 4.1 %. In
a soil layer of 0—40 cm, content of total nitrogen
is 15-20 mg/kg (according to Kjeldahl), mobile
phosphorus — 100-150 mg/kg, exchangeable
potassium — 100-120 mg/kg of soil (according
to Chirikov).

In the experiment, the registration plot ar-
ea was 50.4 m?. Each experimental variant had
three repetitions. The predecessor of maize was
winter wheat. After harvesting predecessor, the
primary soil tillage included stubble breaking to
a depth of 6-8 cm was carried with disk stubble
plough. The second disking was carried out to a
depth of 8-10 cm as the weeds grew. Ploughing
to a depth of 27-30 cm was carried out in late
September. The cultivation technology for
maize hybrids was generally accepted for the
Northern Steppe of Ukraine. The following mid-
early maize hybrids were in the experiment: DB
Khotyn (control), SY Rotango, SY Scorpius, SY
Chorintos, and Adevey. The plant density of the
maize hybrids before harvest was as follows:

40,000 plants/ha (control), 60,000 plants/ha and
80,000 plants/ha.

During the research, we used the meas-
urement and calculation method for biometric
analysis of plants; the weight method for deter-
mining grain moisture; the visual method for
identifying the stages of plant growth and de-
velopment; and the mathematical and statistical
method for assessing the reliability of the re-
sults.

The experiments were carried out in ac-
cordance with generally accepted methods in
plant production and agriculture [26, 27].

Mathematical and statistical calculations
of the experimental results were carried out us-
ing the data analysis package Microsoft Office
Excel and Statistica 6.

Results and Discussion. Comparison of
research results showed that plant density has an
impact on the grain yield of maize hybrids, and
at the same time, maize plants have different
resistance to crowding stress in the agrocenosis.
In addition, plant density affected plant height
in maize hybrids that clearly noted in the flow-
ering stage. Depending on the resistance to
crowding stress, the plant height of maize hy-
brids in the agrocenosis varied.

Plant density of 60,000 plants/ha did not
affect the plant height of the DB Khotyn and SY
Rotango hybrids. Only when the plant density
increased to 80,000 plants/ha, their plant height
increased to 192.5 cm and 195.3 cm, respective-
ly (Table 1).

Table 1. Plant height of the maize hybrids at different plant densities
in the flowering stage, cm (average for 2021-2023)

Plant height, cm
Hybrid at plant density, plants/ha

40,000 (control) 60,000 80,000

DB Khotyn (control) 180.9 181.8 192.5

SY Rotango 182.3 183.9 195.3

SY Scorpius 187.6 209.8 220.5

SY Chorintos 203.2 224.6 234.4

Adevey 234.7 236.3 242.6
LSDys plant density 9.8

hybrid 10.3

SY Scorpius, SY Chorintos and Adevey
hybrids were characterised by different respons-
es to increasing the plant density, their plant
height changed differently. At plant density of
60,000 plants/ha and 80,000 plants/ha, the plant
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height of the SY Scorpius hybrid increased by
22.2-32.9 cm, and of the SY Chorintos hybrid —
by 21.4-31.2 cm, respectively, compared to the
control. However, the Adevey hybrid was charac-
terised by insignificant changes in plant height,
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when the plant density increased from 40,000 to
80,000 plants/ha in the agrocenosis. Thus, the
plant height of the Adevey hybrid varied from
234.7 cm to 242.6 cm, depending on the differ-
ent plant densities.

In addition, plant density affects the quan-
titative traits of maize hybrids. An increase in
plant density leads to an upward change in mor-
phological quantitative traits of maize plants.
When crowding stress increases, quantitative

traits of maize hybrids change as follows: the
height of ear insertion increases, the number of
ears per 100 plants decreases.

The DB Khotyn and SY Rotango hybrids,
which had the lowest plant height at the control
plant density, were characterised by a maximum
increase in the ear insertion height by 11.3-26.3
% and 7.9-16.9 %, respectively, due to increas-
ing the plant density to 80,000 plants/ha (Table 2).

The Adevey hybrid did not significantly

Table 2. Effect of plant density on the quantitative traits of maize hybrids, (average for 2021-2023)

Plant density, plants/ha
40,000 (control) 60,000 80,000
Hybrid ear inser- number of ear insertion number of ear insertion number of
tion height, | ears per 100 height, cm ears per 100 height, cm ears per 100
cm plants, pcs plants, pcs plants, pcs
DB Khotyn 80 162 150 101 132
(control)
SY Rotango 89 168 160 104 150
SY Scorpius 99 167 105 159 107 149
SY Chorintos 103 170 108 161 115 151
Adevey 105 174 107 150 113 149

change the ear insertion height (1.9-7.6 %) at
the same plant height under different plant den-
sities, however, a maximum value of ear inser-
tion height was observed at a plant density of
80,000 plants/ha.

Under the crowding stress, all hybrids re-
duced the number of ears per plant. Increasing
the number of plants in the agrocenosis from
40,000 to 80,000 plants/ha contributed to a de-
crease in the number of ears per 100 plants by
7.4-18.5 % (DB Khotyn), 4.8-10.7 % (SY Ro-
tango), 4.8-10.8 % (SY Scorpius), 5.3-11.2 %
(SY Chorintos), 13.8-14.4 % (Adevey). The
Adevey hybrid significantly reduced the number
of ears per 100 plants due to crowding stress.
Thus, with increasing plant density, the Adevey
hybrid had the lowest increase in the ear inser-
tion height, and the highest decrease in the
number of ears per 100 plants. In other words,
the Adevey hybrid was most responsive to
changes in plant density in terms of ear insertion
height.

The maize hybrids had different suscepti-
bility to changes in growing conditions that af-
fected the formation of plant productivity ele-
ments. In our experiment, we identified and ana-
lysed individual productivity elements of maize
hybrids to assess the effect of plant density on
yield formation and the response of hybrids to
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crowding stress. The response to increasing
plant density showed that productivity elements
of maize hybrids change with increasing plant
density. However, the general tendency of
changes in productivity elements (grain weight
per ear and 1,000 grain weight) was the same
for all hybrids studied in the experiment. With
increasing the plant density from 40,000 to
60,000 plants/ha, the grain weight per ear and
the 1,000 grain weight of maize hybrids increa-
sed. The grain weight per ear increased within
123.2-127.1 g for all maize hybrids (Table 3).

In percentage terms, the Adevey hybrid
had a maximum increase in grain weight per ear
(71.9 %) at plant density of 60,000 plants/ha.
However, the SY Chorintos hybrid formed the
maximum grain weight per ear (325.3g) at
same plant density.

An increase in plant density from 60,000
to 80,000 plants/ha resulted in a decrease in the
grain weight per ear and the 1,000 grain weight
for all maize hybrids.

The resistance of all hybrids to crowding
stress was determined by the decrease in grain
weight per ear in the conditions of high plant
density in the agrocenosis.

The maximum decrease in the grain
weight per ear (14.6 %) under plant density of
80,000 plants/ha was observed in the Adevey
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Table 3. Plant productivity elements of maize hybrids depending
on plant density in agrocenoses, (average for 2021-2023)

Plant productivity elements
grain weight | 1,000 grain | grain weight | 1,000 grain | grain weight | 1,000 grain
Hybrid per ear, g weight, g per ear, g weight, g per ear, g weight, g
Plant density, plants/ha
40,000 (control) 60,000 80,000

DB Khotyn 188.7 303.5 312.2 311.3 269.5 270.1

(control)
SY Rotango 189.4 305.9 316.5 316.6 272.7 273.3
SY Scorpius 196.5 310.7 319.7 320.3 285.2 284.6
SY ?:SO“”' 200.9 313.7 325.3 324.7 284.9 284.9

Adevey 186.4 312.1 320.5 312.3 273.6 274.4

hybrid, which was characterized by a maximum
increase in the grain weight per ear due to increas-
ing plant density from 40,000 to 60,000 plants/ha.

At plant density of 80,000 plants/ha, the
minimum decrease in the grain weight per ear
(10.8 %) was observed in the SY Scorpius hy-
brid. Also, the largest grain weight per ear was
formed by the SY Scorpius and SY Chorintos
hybrids (285.2 g and 284.9 g, respectively). The
experimental results showed that the SY Scor-
pius hybrid had high resistance to crowding
stress in agrocenoses. Compared to other maize
hybrids, the SY Scorpius hybrid formed the
highest grain weight per ear at plant density of
80,000 plants/ha.

The level of resistance of maize hybrids to
crowding stress should be related to the effi-
ciency of the genotype in the utilisation of solar
radiation and soil moisture. Thus, the resistance
to crowding stress was ensured by the interac-
tion between such indicators as grain weight per
ear, plant density, number of ears per plant and
yield of maize hybrids. In addition, the above
interaction determined the yield of hybrids.

It was proved that increasing the grain
weight per ear and plant density from 40,000 to
60,000 plants/ha contributed to high grain yields
of maize hybrids (7.43-8.55 t/ha) in the arid
conditions of the Northern Steppe of Ukraine
(Table 4).

Table 4. Yield of maize hybrids at different plant densities in agrocenoses, t/ha (average for 2021-2023)

Yield, t/ha
Hybrid at plant density, plants/ha
40,000 (control) 60,000 80,000

DB Khotyn (control) 6.93 7.43 6.52

SY Rotango 7.99 8.14 7.38

SY Scorpius 7.45 8.54 8.47

SY Chorintos 7.35 8.55 8.24

Adevey 7.01 7.43 7.63
LSDys plant density 0.16

hybrid 0.23

The interaction between the factors of
yield formation and the responce of maize hy-
brids to crowding stress had different effects on
the grain yields.

Thus, the interaction between plant densi-
ty and grain weight per ear provided the highest
increase in yield of the SY Scorpius and SY
Chorintos hybrids (14.6 and 16.3 %, respective-
ly). At plants density of 60,000 plants/ha, these
hybrids formed a maximum yield of 8.54 and
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8.55 t/ha, respectively.

At plant density of 60,000 plants/ha in the
agrocenosis, the SY Rotango hybrid reduced the
number of ears per plant and simultaneously
increased the grain weight per ear, while its
grain yield increased slightly from 7.99 to 8.14
t/ha compared to the control plant density.

The Adevey hybrid formed the highest
yield (7.63 t/ha) at plant density of 80,000
plants/ha, despite the decrease in grain weight
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per ear.

At a similar plant density in the agroceno-
sis, the SY Scorpius hybrid reduced the grain
weight per ear and the number of ears per 100
plants and formed a grain yield of 8.47 t/ha,
which was equal to the yield at a density of
60,000 plants/ha — 8.54 t/ha.

As a result, the plant density of
80,000 plants/ha and the interaction of factors
affecting crop yields led to a decrease in grain
yields of the DB Khotyn, SY Rotango, SY
Chorinthos hybrids. These hybrids were identi-
fied as the most susceptible to the crowding stress.

It was found that the grain yield of maize
hybrids under cultivation at different plant den-
sities in the Northern Steppe of Ukraine is de-
termined by the interaction between the factors
of yield formation and the response of maize
hybrids to the crowding stress in agrocenoses.

Conclusions. Plant density is an important
component of maize cultivation technology,
which has a significant effect on the structure
and management of the agrocenosis, plant
growth and development, productivity parame-
ters, and hybrid yields.

All changes in the quantitative traits of in-
dividual plant productivity directly reflect the

References

1. Liyuan Tang, Wei Ma, Mehmood Ali Noor,
Lianlu Li, Haipeng Hou, Xiangyun Zhang, Ming
Zhao. (2018). Density resistance evaluation of maize
varieties through new “Density—Yield Model” and
quantification of varietal response to gradual plant-
ing density pressure. Scientific Reports, 8. 1-16.
https://doi.org/10.1038/s41598-018-35275-w

2. Federico H. Larrosa, Lucas Borras. (2022). Differen-
tial Maize Yield Hybrid Responses to Stand Density
Are Correlated to Their Response to Radiation Re-
ductions Around Flowering. Frontier in Plant
Sience, 12. 1-9. https://doi.org/10.3389/fpls.2021.771739

3. Eric T. Winans, Tryston A. Beyrer and Frederick E.
Below. (2021). Managing Density Stress to Close
the Maize Yield Gap. Frontier in Plant Sience, 12. 1-12.

4. Lobell, D. B., Cassman, K. G., and Field, C. B.
(2009). Crop vyield gaps: their importance,
magnitudes, and causes. Annual Review of Environ-
ment and Resources, 34. 179-204. doi: 10.1146/
annurev.environ.041008.093740.

5. Gonzalez, V. H., Tollenaar, M., Bowmans, A,
Good, B., and Lee, E. A. (2018). Maize yield
potential and density tolerance. Crop Sci., 58. 427—
485. doi: 10.2135/cropsci2016.06.0547

6. Ruffo, M. L., Gentry, L. F., Henninger, A. S,
Seebauer, J. R., and Below, F. E. (2015). Evaluating
management factor contributions to reduce corn
yield gaps. Agron., 107. 495-505. doi: 10.2134/

134

3epnosi kynemypu. Tom 8. Ne 1. 2024. C. 129-136

response of the maize hybrid to crop thickening.
The grain yield of maize hybrids depends on the
interaction of factors in the agrocenosis (number
of plants in the agrocenosis, number of ears per
plant, grain weight per ear, response of the
maize hybrid to plant density).

Changes in the number of ears per plant
and the grain weight per ear, as well as the
genotype response to crowding stress, created a
parabolic nature in the yield formation of the
SY Chorinthos hybrid. The individual produc-
tivity of the DB Khotyn, SY Rotango, SY Scor-
pius, Adevey hybrids determined the linear na-
ture of change in grain yields due to increasing
the plant density.

The optimal plant density for the DB
Khotyn hybrid was 40,000 plants/ha before har-
vesting.

The plant density of 60,000 plants/ha re-
sulted in maximum grain yields of 8.14 t/ha for
the SY Rotango hybrid, 8.54 t/ha for the SY
Scorpius hybrid, and 8.55 t/ha for the SY
Chorintos hybrid. At plant density of 80,000
plants/ha, the grain yield of the SY Scorpius hy-
brid slightly decreased to 8.47 t/ha, while the
Adevey hybrid showed a maximum grain yield
of 7.63 t/ha.

agronj14.0355.

7. Borras Lucas, Vitantonio-Mazzini Lucas N. (2018).
Maize reproductive development and kernel set un-
der limited plant growth environments. Journal of
Experimental Botany, 69 (13). 3235-3243. https://
doi.org/10.1093/jxb/erx452

8.  Chapman S. C., Edmeades G. O. (1999). Selection
improves drought tolerance in tropical maize popu-
lations Il. Direct and correlated responses among
secondary traits. Crop Science, 39. 1315-1324.

9. Vitantonio-Mazzini L. N., Borras L., Garibaldi L.
A., Perez D. H., Gallo, S., and Gambin, B. L.
(2020). Management options for reducing maize
yield gaps in contrasting sowing dates. Field Crops
Research, 2510. doi: 10.1016/j.fcr.2020.107779

10. Ciampitti I. A., Camberato J. J., Murrell S. T., Vyn
T. J.(2013). Maize nutrient accumulation and
partitioning in response to plant density and nitrogen
rate: 1. Macronutrients. Agronomy Journal, 105. 783—
795. doi:10.2134/agronj2012.0467

11. Hashemi A. M., Herbert S. J, Putnam D.
H. (2005). Grain yield response of corn to crowding
stress. Agronomy  Journal, 97. 839-846. do0i:10.2134/
agronj2003.0241.

12. Stanger T. F., Lauer].G.2006. Optimum plant
density of Bt and non-Bt corn in Wisconsin. Agron.
J. 98, 914-921. doi:10.2134/agronj2005.0144.

13. Yared Assefa, P. V. Vara Prasad, Paul Carter, Mark

https://doi.org/10.31867/2523-4544/0321


https://www.nature.com/articles/s41598-018-35275-w#auth-Liyuan-Tang-Aff1-Aff2
https://www.nature.com/articles/s41598-018-35275-w#auth-Wei-Ma-Aff1
https://www.nature.com/articles/s41598-018-35275-w#auth-Mehmood_Ali-Noor-Aff1
https://www.nature.com/articles/s41598-018-35275-w#auth-Lianlu-Li-Aff3
https://www.nature.com/articles/s41598-018-35275-w#auth-Haipeng-Hou-Aff1
https://www.nature.com/articles/s41598-018-35275-w#auth-Xiangyun-Zhang-Aff2
https://www.nature.com/articles/s41598-018-35275-w#auth-Ming-Zhao-Aff1
https://www.nature.com/articles/s41598-018-35275-w#auth-Ming-Zhao-Aff1
https://www.nature.com/srep
https://loop.frontiersin.org/people/1461276
https://loop.frontiersin.org/people/990209
https://doi.org/10.3389/fpls.2021.771739
http://doi.org/10.2134/agronj2012.0467
http://doi.org/10.2134/agronj2003.0241
http://doi.org/10.2134/agronj2003.0241
http://doi.org/10.2134/agronj2005.0144
https://acsess.onlinelibrary.wiley.com/authored-by/Assefa/Yared
https://acsess.onlinelibrary.wiley.com/authored-by/Vara+Prasad/P.+V.
https://acsess.onlinelibrary.wiley.com/authored-by/Carter/Paul
https://acsess.onlinelibrary.wiley.com/authored-by/Hinds/Mark

Hinds, Gaurav Bhalla, Ryan Schon, Mark 545-570. doi: 10.1146/annurev.ecolsys.28.1.545
Jeschke, Steve Paszkiewicz, Ignacio A. Ciampitti  21. Maddonni G. A. & Otegui M. E. Intra-specific

(2016). Yield Responses to Planting Density for US competition in maize: early-determined hierarchies
Modern Corn Hybrids: A Synthesis-Analysis. Crop among plants affect final kernel set. Field Crop
science, 56 (5). 2802-2817. https://doi.org/10.2135/ Res., 85. 1-13 (2004).

cropsci2016.04.0215 22. Tollenaar M., Ahmadzadeh, A. & Lee, E. A

14. Hitsch, B. W. & Schubert, S. Harvest Index of Physiological basis of heterosis for grain vyield
Maize (Zea mays L.): Are There Possibilities for improvement in maize. Crop Sci., 44. 2086-2094
Improvement? Advances in Agronomy, 146. 37-82 (2004).

(Academic Press, 2017). 23. Lee E. A, Tollenaar, M. Physiological basis of

15. Wang, X.et al. Tillage time affects soil hydro- successful breeding strategies for maize grain
thermal properties, seedling growth and yield of yield. Crop. Sci., 47 (S3). S202-S215 (2007).
maize (Zea mays L.). Applied Ecology and 24. Bockstaller C, Guichard L, Keichinger O, Girardin
Environmental Research, 16 (5). 6007-6023 (2018). P, Galan M-B., Gaillard G. (2009). Comparison of

16. Sangoi, L., Gracietti, M. A., Rampazzo, C. & methods to assess the sustainability of agricultural
Bianchetti, P. Response of Brazilian maize hybrids systems. Agronomy for Sustainable Development, 29
from different eras to changes in plant density. Field (1). 223- 235. DOI:10.1051/agro:2008058.

Crop Res., 79. 39-51 (2002). 25. Tollenaar, M., Lee, E. A. (2002). Yield potential,

17. Argenta, G., Silva, P. R. F. & Sangoi, L. Maize plant yield stability, and stress tolerance in maize. Field
arrangement: Analysis of the state of the art. Cience Crops Research, 75. 161-169. doi: 10.1016/s0378-
Rural, 31. 1075-1084 (2001). 4290(02)00024-2.

18. Lee, E. A, and Tollenaar, M. (2007). Physiological ~ 26. Hurieva I. A., Riabchun V. K., Litun P. P. (2003).
basis of successful breeding strategies for maize Methodical recommendations for field and laborato-
grain yield. Crop Sci., 47. S-202-S-215. doi: ry study of maize genetic resources. Institute of
10.2135/cropsci2007.04.00101PBS /agj2.20245 Plant Industry named after V. Yuriev. Kharkiv, 43 p.

19. Boomsma C. R., Santini J. B., Tollenaar, M., and [in Ukrainian].

Vyn, T. J. (2009). Maize morphophysiological res- 27. Aksyonov I. V., Evtushenko G. A., Matsai N. Yu.,
ponses to intense crowding and low nitrogen availa- Korzhova N. A, Aksyonova . I. (2023). Methods of
bility: an analysis and review. Agron. J., 101. 1426- statistical analysis of the results of scientific research
1452. doi: 10.2134/agronj2009.0082 in plant growing (textbook). State institution “Lu-

20. Casper, B. B., and Jackson, R. B. (1997). Plant gansk National University named after Taras

competition underground. Annu. Rev. Ecol. Syst., 28. Shevchenko”, Poltava, 178 p. [in Ukrainian].

YK 633.15:631.5
Axcvonos I. B, Komuenko M. B.” Peaxuin 2ibpudie KyKypyo3u Ha 30i1bleHHA 2YCHMOMmU DPOCAUH
6 azpouenosi Ilieniunoco Cmeny Yxpainu. Grain Crops. 2024. 8 (1). 129-136.
YHasuansno-naykosuii incmumym npupodnuuux ma aecpapnux Hayk Jlyeanceko2o HAyioHanbHO20 YHiGepcumemy
im. Tapaca Illlesuenxa Yuisepcumemcwra, synr. Cmapocsimcoka, 52/19, m. Mupeopoo, Ilonmascvka obaracmos, 37600,
Yxpaina
Z,ZZHinpOGCbKuﬁ Oeporcagruil azpapro-ekoHomiunull yHieepcumem, gyi. Cepeis Egppemosa, 25, m. [Juinpo, 49027, Vikpaina
AKTYyaJIbHiCTB. Y BUPOOHHYMX YMOBax TiOpuu He 3aBkau (OpMYIOTh BUCOKY BpoxkaiHicTh. ['ycTo-
Ta CTOSIHHSI POCJIMH € BOXJIMBHUM arpOTEXHIYHMM IPUHOMOM B arpOTEXHIYHOMY MPOEKTYBaHHI arpoleHo3y,
SIKMH BIUIMBAE HA MPOAYKTHBHICTh POCIHMH TiOpHIiB. 3MiHa I'yCTOTH CTOSIHHS POCJIMH BIUIMBA€ HA YMOBH BH-
POLIYBaHHA B arpolleHO031 Ta BUKJIMKA€E Bapiauii KUIbKICHMX O3HAaK pOCiMH. ToMy BUBYEHHS BIUIMBY I'yCTOTH
MOCiBy Ha (pOPMYBaHHS MPOAYKTUBHOCTI OKPEMOI POCIMHM Ta peakiii TiOpuaiB B yMOBax IMOCYILIHBOTO
Creny Ykpainu HaOyBa€ akTyaJbHOCTI Ta CTA€ BaXKIMBUM HAyKOBUM 3aBAaHHAM. Meta aociaigxenb. OcHo-
BHOIO METOI0 OyJI0 BUBUEHHS peakiii riOpuaiB KyKypya3u Ha CTPeC CKYIMYEHOCTI POCIINH, BUABICHHS I10pH-
IiB, CTIMKMX J0 BHPOLIYBAaHHS B MOCIBax MiJBUILEHOT I'YCTOTH, BU3HAYECHHS ONTUMAIILHOI I'yCTOTH CTOSIHHS
MOCIBIB U1 KOXKHOTO JOCHI/DKYBaHOTO riopuzna. Martepiaau ta meroau. Y npociiai 0yio BUIpoOyBaHO 5
riopunis kykypymsu: JAb Xorun, SY Rotango, SY Scorpius, SY Chorintos, Azneseii. ['iOpuan BimHOCSTBCS

70 CepelHbOPAHHBOI IPYMHU CTUTIOCTI. JloChi/KyBaHa T'yCTOTa POCIHMH B arpoleHo3ax nepes 30MpaHHAM

cranoBuia 40, 60, 80 tuc./ra. JlocmipkeHHs MPOBOAMIN BiIOBIIHO JI0 3araJIbHONPUHHITHX METOIUK Y PO-

3eprosi kyromypu. Tom 8. Ne 1. 2024. C. 129-136 https://doi.org/10.31867/2523-4544/0321 135
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CITMHHUITBI Ta TBapuHHUALTBI. Pe3yabTaTH. ['iOpun SY Rotango MaB CHIBHY 9yTIMBICTE JO CTPECY CKYII-
YEHOCTI POCIIMH B arpoLeH03aX i3 MiBUILEHOI0 T'YCTOTOIO0 CTOSHHS POCIUH. 301JbIICHHS I'yCTOTH POCIUH B
MOCiBi HE TPU3BENO J0 MiJBHUILEHHS BpokaiHocTi riopuny SY Rotango. ['ycrora pocnun 60 Tuc./ra 3a0e3-
nednna GopMyBaHHS MaKCUMalbHOI BpoxkaiHOCTi Ti0puaiB JAb Xotun (7,43 1/ra), SY Scorpius (8,54 T/ra),
SY Chorintos (8,54 t/ra). I'iopun SY Chorintos MaB napabomiuHuii Xapaktep (OpMyBaHHS BPOXKaIO: MiJIBHU-
IICHHS BPOXKAMHOCTI 0 TYcTOTH 60 THC./Ta Ta 3HIKEHHS BPOXAWHOCTI NpW MiJBUIICHIH TyCTOTi IO
80 tuc./ra. ['iOpua Aneseil MaB HU3bKY YyTIIHMBICTh A0 CTPECY CKYMUEHOCTI POCIUH 1 (OpMyBaB MakCUMallb-
HYy BpOXKaiHIicTh 7,63 T/ra B mMociBax i3 TyCTOTOIO CTOsIHHS pociuH 80 Tuc./ra. BUCHOBKHU. Y MOCYNIIMBHX
ymoBax Cremy WIIBHICTh MOCIBIB € OJHUM 13 OCHOBHHX METOJIB YMpaBIiHHS MPOAYKTHUBHICTIO POCIHH i
BpOXKalHICTIO TiOpuAiB KyKypya3u. PiBeHp (hopMyBaHHS BpOKaHOCTI BU3HAYAETHCS OCOOIMBOCTSIMH B3a€-
MO3B’ 513Ky (haKTOpiB arpoIeHo3y: TYCTOTa POCIIHH, KITBbKICTh KadaHiB Ha OAHIM POCIHHI, Maca 3epHa OJHOTO
KadaHa, ypokaiHicTh. ['i0puau KyKypya3u OIHI€T TpyH CTUTIOCTI MO-PI3HOMY pearyioTh Ha YMOBH BHPO-
IIyBaHHS B arpoIeH03aX 3 Pi3HOI0 TYCTOTOI CTOsSHHS pocnuH. ['iopun SY Rotango, sikuii Ma€ BUCOKY UyT-
JIMBICTBH JI0 CTPECY CKYITYEHOCTI POCIINH, HEe TIPU3HAYEHHUH JUTI BUPOLIYBAHHS B arpoIeH03aX 3 BUCOKOIO TyC-
TOTOIO ToCiBiB. ['i0pun AneBelt peKOMEHIOBAaHUH IS BUPOIIYBAaHHS B arpOIeHO3aX 3 IiIBUIICHOIO TYCTO-
TOIO CTOSIHHSI POCIIMH B ITOCYIIIMBUX YMOBax miBHiYHOTO CTeny YKpaiHu.

Knwwuogi cnosa: kykypyosa, 2iopud, 2ycmoma cmosiHHa pOCIUH, KINbKICHA 03HAKA, YPOUCAUHICTb
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