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Abstract. Sunflower requires a sufficient amount of nutrients for growth and development. Therefore, it is important
to determine the impact of sunflower cultivation on the soil nutrient regime, taking into account the frequency of
its return to the previous place. The aim of the study was to determine the influence of the share of sunflower in
short rotation crop rotations on the soil nutrient regime. The research was conducted at the experimental field of
the Kharkiv V.V. Dokuchaev National Agrarian University, which is located in the Left-Bank Forest-Steppe of Ukraine.
The research and accounting were carried out on typical heavy loamy chernozem in accordance with generally
accepted methods. The experimental scheme included five-field crop rotations with sunflower saturation of 0, 20,
40 and 60%. The research results show that an increase in the share of sunflower in short rotation crop rotations
does not lead to a deterioration in the nutrient regime of the topsoil. There was no significant difference between
the variants in the content of nutrients. The most supplied with nutrients was the topsoil in the control variant
(crop rotation without sunflower). With an increase in the share of sunflower in crop rotations, the amount of
nutrients in the tilth layer of soil decreased slightly. Regardless of the studied crop rotation options, the availability
of easily hydrolysable nitrogen was low, mobile phosphorus was average, and exchangeable potassium was high.
Increasing the share of sunflower in short rotation crop rotations led to a decrease in the yield of the crop itself.
The yield of sunflower seeds was at the same level in the variants with 20 and 40%. There is a close relationship
between sunflower yield and its saturation, which significantly depends on the soil nutrient regime. The yield
level is most affected by the content of phosphorus and potassium in the topsoil. The correlation is 0.91 and 0.98,
respectively. The practical value of this study is due to the possibility of using the obtained results to justify the
feasibility of increasing the share of sunflower in the structure of crop rotations
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INTRODUCTION

It is known that plants primarily require a sufficient
amount of nutrients. Optimising the supply of nu-
trients during the growing season of crops results in
more efficient use of moisture, regardless of the con-
ditions prevailing during the growing years (Pinkovsky
et al., 2019). This was determined during research
with various crops, including sunflower (Domaratskiy
et al., 2019; Gamayunova et al., 2019). Data obtained
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by scientific institutions indicate that sunflower should
occupy no more than 20% of the crop rotation struc-
ture (Tkalich et al., 2018). Under current farming con-
ditions, increasing the share of sunflower in short rota-
tion crop rotations is quite common. Increased profits
from sunflower cultivation encourage most farms to
abandon science-based technologies, which is mani-
fested in a high degree of saturation of crop rotation
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with sunflower. Under current agricultural conditions,
intensive saturation of short rotation crop rotations
with sunflower is often practiced. Usually, it can be
returned to the previous place of cultivation after 2-3
years (Bojko & Borodan, 2000; Shevchenko et al., 2001).
However, in this case, the yield may decrease to 0.9 t/ha
in the third year of cultivation (Hanhur et al., 2015).
Some studies show that an increase in the share
of sunflower in the crop rotation above the recom-
mended level leads to negative consequences for the
water and physical properties of the soil, the phytosan-
itary condition of crops, and the emergence of infec-
tions. In addition, if fertilisers are not applied in the
required amount, there is a significant decrease in the
content of nutrients (including nitrogen, phosphorus and
potassium) in the soil. In this case, the humus content
in the soil decreases, which leads to other degradation
processes (Poliakova & Topchiy, 2013; Tsyliuryk, 2018).
The nutrients in the soil have a significant impact
on the growth and development of sunflower, as well
as on its productivity. Depending on the phenological
stage, sunflower requires different nutrients. At the be-
ginning of sunflower growth and development, nitro-
gen is needed in the first place. From this point on, it
accumulates in the stems and leaves, and later in the
baskets. The absorption of nitrogen ends at the time
of flowering, after which this element is transported
through the plants in the form of amino acids. Providing
plants with sufficient nitrogen contributes to the forma-
tion of more flowers, slower aging of leaves after flow-
ering and greater accumulation of protein compounds
in seeds. Phosphorus provides the energy basis for bi-
ochemical processes in sunflower plants. It is a compo-
nent of nucleic acids, nucleotides, enzymes and prod-
ucts of the photosynthetic and respiratory cycles (Getie
et al., 2021). Phosphorus is absorbed by sunflower from
germination to flowering. It contributes to the formation
of a powerful root system, the laying of reproductive or-
gans with a larger number of embryonic flowers in the
basket, accelerates plant development, and increases
drought resistance. Despite the high potassium require-
ment of sunflower, it has an average effect on yields
(Hospodarenko, 2018). Many scientists believe that an

increase in the share of sunflower in crop rotation nega-
tively affects the balance of nutrients in the soil.

Scientifically based crop rotation in time and space
ensures high yields and productivity of crop rotations.
For example, researchers note that crop rotations with
20% of fallow land and 10% of sunflower and corn for
silage have the highest productivity. At the same time,
out of 60% of grain crops, winter crops accounted for
40% (wheat and barley), and peas and corn for 10%
each (Sayko & Boyko, 2002; Giannoulis et al., 2009).

The aim of the study was to determine the effect of
short rotation crop rotations with different proportions
of sunflower on soil nutrient supply.

MATERIALS AND METHODS

The field research was conducted at the stationary of
the O.M. Mozheiko Department of Agriculture of the
Dokuchaevske Experimental Field Educational and Re-
search Centre. The soil cover of the experimental field is
represented by typical heavy loamy chernozem on loess
loam. In terms of agrophysical and agrochemical prop-
erties, it is one of the most favourable soils for growing
field crops. It is characterised by a high level of fertil-
ity. The topsoil (0-30 cm) of a typical black soil contains
4.9-5.1% humus (according to Tyurin), 81 mg/kg of easily
hydrolysable nitrogen (according to Kornfield), and 100
and 200 mg/kg of mobile phosphorus and exchangea-
ble potassium (according to Chirikov). The content of ex-
changeable cations: calcium - 37.8%, magnesium - 6.6%,
sodium - 0.49%, potassium — 0.5%. Soil reaction — pH:
water - 7.0, salt - 5.2-5.6. Groundwater is located at a
depth of about 18 m (Tykhonenko & Dehtiarov, 2016).

The sunflower hybrid is Cruiser LG59580. The ex-
periment was replicated three times, with a sequential
arrangement of variants. The size of the sowing plot
was 750 m?, the accounting plot was 100 m2 The re-
search conducted with sunflower was carried out in
accordance with international ethical standards, in par-
ticular The Convention on Biological Diversity (2022).
Variants of short-rotation (5-field) crop rotations with
different proportions of sunflower in the structure of
sown areas were studied (Table 1). The control variant
was a five-field crop rotation without sunflower.

Table 1. Crop rotation structure, %

Peas Winter wheat Corn
20 20 20
20 20 =

20 -
20 40

Source: developed by the author

The content of nutrients in the soil was determined
in accordance with generally accepted methods: the
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Winter rye Pure fallowing Sunflower
20 - 20
20 = 40
20 - 60
20 20 0

content of easily hydrolysable nitrogen — by the Korn-
field method (DSTU 7863:2015, 2016), the content of



mobile phosphorus and potassium compounds - by
the modified Chirikov method (DSTU 4115:2002, 2003).
Statistical processing of the data was carried out using
the CORREL function, which is part of the data analysis
package in MS Office Excel 2017.

Moisture conditions and temperature have a par-
ticularly important impact on the efficiency of nutrient
fixation in the soil (Liu et al.,2011; Rymuza et al., 2020).
The research was conducted in an area with a temper-
ate continental climate. It is characterised by elevated
air temperatures and low precipitation compared to
long-term averages.

Data from the weather station of Kharkiv National
Agrarian University show that during the growing sea-
son of sunflower (May-September), the average long-
term rainfall was 278 mm and the air temperature was
+17.7°C. The peculiarity of the conditions in 2020-2021,
during the period of determination of NPK (nitrogen,
phosphorus, potassium) in the soil, was insufficient mois-
ture. During the growing season of sunflower in 2020,
precipitation was 114 mm less than normal, and the av-
erage air temperature was 19.8°C, which is 2.1°C above
the climatic norm. The precipitation during the growing
season of sunflower in 2021 was of a stormy nature in
June - 81.9 mm, which was 22.9 mm above the average
long-term norm. In July and August, they were less than
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the long-term average by 51.5 and 44.2 mm, respec-
tively. In 2021, precipitation totalled 197.7 mm, which is
81.3 mm less than the long-term average, and the in-
crease in average daily air temperature was 2.5°C above
the long-term average. Having analysed the weather
conditions, we can conclude that heat and moisture sup-
ply significantly influenced the growth and development
of sunflower, and ultimately its yield and seed quality.

RESULTS

The research results allow us to determine the level of
soil nutrient supply under conditions of different satu-
ration of short-rotation crop rotations with sunflower.

Nitrogen. In the phase of full ripeness of sunflower,
the studied samples were characterised by low supply
of easily hydrolysable nitrogen in all variants (Fig. 1).
Depending on the proportion of sunflower in the crop
rotation, this indicator varied within 151-123 mg/kg of
soil. Its highest content (151 mg/kg of soil) was found in
the surface (0-10 cm) soil layer at 40% saturation of the
crop rotation with sunflower, and the lowest (123 mg/kg
of soil) in the layer 20-30 cm in the variant with a share
of sunflower of 60%. The nitrogen content in the soil in
the plots with other variants varied only slightly. The
content of this element was relatively higher in the
0-10 cm soil layer - 145-151 mg/kg of soil.
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Figure 1. The content of easily hydrolysable nitrogen in the soil depending on the saturation
of the crop rotation with sunflower, mg/kg of soil

Source: developed by the author

Phosphorus. The processes of biological accumula-
tion of phosphorus in the bedrock affect the content
of its mobile compounds throughout the soil profile.
Thus, the studied samples were characterised by an av-
erage supply of mobile phosphorus forms in all variants
(Table 2). The content of PO, in the arable layer of typ-
ical black soil in sunflower crops was almost equal in

the experimental variants. It should be noted that the
content of this macronutrient was significantly higher
in the upper (0-10 cm) soil layer than in the lower part
(20-30 cm) of the tilth layer. Compared to the control, a
significant decrease in P,0O, was recorded in the variant
with a crop rotation saturation of 60% with sunflower,
by 1.4 times.
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Share of sunflower in crop

rotation
20% 100
40% 99
60% 66
0% 97

Source: developed by the author

Potassium. Sunflower is known to use potassium in-
tensively. Samples of the tilth layer of typical chernozem
were characterised by an increased availability of mobile
potassium compounds in all variants, and their content
naturally decreased with depth from 81 to 115 mg/kg of
soil. In the surface soil layer, the highest content of po-
tassium was observed in the variant without sunflower -

Table 2. The content of mobile phosphorus in the soil depending on the saturation of crop rotation with sunflower

P,0, content, mg/kg by soil layer

10-20 cm 20-30 cm
66 65
64 64
63 54
73 74

115 mg/kg of soil (Table 3). In the crop rotation with a
share of sunflower of 40%, the content of exchangeable
potassium compounds in the 0-10 cm soil layer was al-
most at the level of the control - 113 mg/kg of soil. There
was no significant difference between the K,O content of
other variants in this layer: 107 mg/kg soil (20% satura-
tion) and 103 mg/kg soil (60% saturation).

Table 3. Exchangeable potassium content in soil depending on the saturation of crop rotation with sunflower

Share of sunflower in crop

K,O content, mg/kg by soil layer

rotation
20% 107
40% 113
60% 103
0% 115

Source: developed by the author

With a depth of 20 cm, a decrease in the content of
exchangeable potassium was observed in all variants. In
the soil layer of 10-20 cm, the highest content was found
in the control variant at 94 mg/kg of soil. Similar results
were obtained in other crop rotations and were in the
range of 83-86 mg/kg of soil. In short-rotation crop ro-
tations, a decrease in the content of exchangeable po-
tassium compounds was observed in the soil layer of 20-
30 cm, depending on their saturation with sunflower. In
the soil of the control variant, the content of this element
was 90 mg/kg of soil, which is 9 mg/kg more than in the

Share of sunflower in crop
rotation

2020 year
20% 3.73
40% 3.77
60% 3.24

Source: developed by the author

In 2021, the high yield of sunflower (3.36 t/ha) was
ensured by a five-field crop rotation with a share of 40%.
When the crop rotation was saturated with sunflower up
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Table 4. Sunflower yield in different short rotation crop rotations

10-20 cm 20-30 cm
85 82
86 84
83 81
94 90

variant with 60% sunflower saturation.An increase in the
share of sunflower in the crop rotation to 40% increased
the content of exchangeable potassium in the soil by
2 mg/kg of soil and by 3 mg/kg of soil at 60% saturation.

Sunflower yield. |In the course of research in 2020,
a relationship was established between the level of
sunflower yield and its saturation in crop rotations (Ta-
ble 4). It is worth noting the high yield of sunflower at
40% of its saturation in crop rotation - 3.77 t/ha. Sat-
uration of the five-field crop rotation with 60% of sun-
flower reduced the yield to 3.24 t/ha.

Yield, t/ha

2021 year
3.13

3.36
3.17

to 20% and 60%, there was a slight decrease in sunflower
yield by 0.23 and 0.19 t/ha. On average, in 2020-2021, the
highest sunflower yield (3.57 t/ha) was recorded in the
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five-field crop rotation, where its share was 40%. When
the crop rotation was saturated with 20% of sunflower,
there was a slight decrease in its yield - by 0.14 t/ha.

3.60 T
340 1
3.20 +
3.00
2.80 +
2.60 +
240 1
220 T

343

Yield, t/ha

Saturation of the crop rotation with sunflower up to 60%
led to a significant decrease in its yield by 0.36 t/ha com-
pared to the best variant of the experiment (Fig. 2).

3.57

2.00
20%

40%

60%

Share of sunflower in crop rotation, %

Figure 2. Sunflower yield depending on its share in crop rotation, t/ha (average for 2020-2021)

Source: developed by the author

Dependence of sunflower yield on NPK content. The
statistical analysis showed a close correlation between
sunflower yield and the content of macronutrients in the
soil in crop rotation areas with different soil saturation.
The equation for the correlation coefficient between
sunflower yield and soil nutrient content is as follows:

-0 -y)

Correl (X,V) = 2200 _
orrel (V) = Raomo-97

where x - yield, t/ha; y - nutrient content in the soil,
mg/kg soil.

The data obtained indicate that sunflower yields
are most closely related to soil K,O content. The cor-
relation coefficient between these indicators was the
highest and amounted to 0.98. The content of mobile
phosphorus in the soil was equally important for sun-
flower yield, with a correlation coefficient of 0.91.There
was a direct correlation between sunflower yield and
soil nitrogen content - 0.66.

DISCUSSION

It is known that nitrogen assimilation through the sym-
biosis of microorganisms with plants provides the soil
with 90-170 million mg of nitrogen annually (Ishizuka,
1992; Koztowski et al., 2011; Tsyliuryk, 2018). This is
70-80% of the total amount of nitrogen accumulated
in the soil in the process of nitrogen fixation by all mi-
croorganisms (symbiotic and free-living) (Peoples &
Craswell, 1992; Cheng, 2008; Martyniuk, 2012). The ef-
ficiency of atmospheric nitrogen reduction in symbiotic
systems usually reaches up to 200 kg N ha?* (but some-
times even 500 kg N ha?) per year (Duzdemir et al.,
2009; Hauggaard-Nielsen et al., 2010).

Previous studies have shown a significant re-
duction in nitrogen content under no-till sunflower

cultivation in the 0-20 and 20-40 cm soil layers: 8.9
and 6.6 mg/100 g of soil, respectively. Zonal crop ro-
tation provided a high phosphorus content in the soil:
10.4 mg/100 g in the 0-20 cm layer and 7.7 mg/100 g in
the 20-40 cm layer, and the lowest content in virgin soil
(5.8 mg/100 g in the 0-20 cm layer and 4.8 mg/100 g in
the 20-40 cm layer). The studied variants of crop rota-
tion did not have a significant effect on the content of
exchangeable potassium in the soil,and its amount was
quite high in all soil samples (8.0 mg/100 g to 13.3 mg
per 100 g of soil). It should be noted that permanent
sunflower cultivation provided the topsoil with an in-
creased potassium content (Poliakova & Topchiy, 2013).
Soil nutrient regime largely depends on the satu-
ration of crop rotations with sunflower. Researchers say
that an increase in the share of this crop in crop rota-
tion causes an increased level of nutrient removal from
the soil. This can have a negative impact on the growth
and development of subsequent crops. According to the
results of research by A. Kokhan et al. (2018) found that
a crop rotation with 14% sunflower provided a higher
content of nutrients in the 0-10 cm soil layer than a
crop rotation with 50% of this crop. The total removal of
NPK by sunflower was 75.3 kg/ha. It was found that for
growth and development during the growing season,
sunflower requires the most exchangeable potassium
(178.8 kg/ha). At the same time, only 20% of the po-
tassium is removed with the harvest, while the rest re-
mains in the soil with non-commodity products. There-
fore, to compensate for the macronutrients removed
from the soil by sunflower, it is necessary to leave crop
residues on the field. This will help prevent degradation
processes and help maintain soil fertility.
Someresearchers point out thatasignificant portion
of the total nutrient content absorbed and accumulated
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by sunflower plants remains in the field after harvest-
ing in the form of crop residues. After mineralisation
of crop residues, these nutrients are easily available to
the next crop, which is very important in a crop rotation
system (Castro et al., 2014). Depending on the amount
of nutrient removal with the crop, the crops included in
the studied crop rotations are distributed in the follow-
ing order sugar beet - 163.2 kg/ha, maize — 97.5-156.5,
soybeans - 111.3-115.1, winter wheat - 108.9-131.6,
spring barley - 102.1-112.9, vetch-oat mixture - 112.9,
sunflower - 85.3-109.7, peas - 72.4-79.6 kg/ha; in terms
of phosphorus removal - corn for grain - 37.6-56.2 kg/ha,
winter wheat - 41.0-48.9, sunflower — 36.6-45.0, sugar
beet - 41.9, vetch-oat mixture — 38.6, spring barley -
32.5-38.0, soybeans - 33.3-33.9, peas for grain - 19.2-
31.1 kg/ha; in terms of potassium removal - sugar beet -
187, vetch-oat mixture — 115.3, sunflower - 72.1-103.2,
corn for grain - 65.8-103.0 kg/ha

Yu.l. Tkalich (2017) emphasises that the larg-
est biological nitrogen removal is caused by corn
(106.06 kg/ha), followed by rapeseed (92.29 kg/ha),
winter wheat (82.54 kg/ha), sunflower (73.12 kg/ha),
and spring barley (52.4 kg/ha). Corn consumes the most
mobile phosphorus compounds (25.78 kg/ha), followed
by rapeseed (24.57 kg/ha), slightly less winter wheat
(21.16 kg/ha), and even less sunflower (17.68 kg/ha)
and spring barley (16.28 kg/ha). Corn also absorbs the
most exchangeable potassium (18.35 kg/ha), followed
by rapeseed, sunflower and winter wheat (17.89, 14.28
and 14.01 kg/ha), and spring barley (10.78 kg/ha).

In the experiments of S. Kudria (2020), no clear
dependence of nutrient content on crop rotation was
found. According to O. Tsyliuryk (2018), sunflower re-
moves 120-140 kg/ha of nitrogen, 50-65 kg/ha of phos-
phorus and more than 300 kg/ha of potassium from the
soil to form 2.0-2.5 t/ha of yield. Some authors point out
that saturation of crop rotations with sunflower over
50% negatively affects the level of its yield (2.21 t/ha),
while a decrease to 33% contributes to an increase in
crop productivity by 0.29 t/ha. At the same time, the
level of sunflower yield in this variant is 0.12,0.21 and
0.24 t/ha lower than in crop rotations saturated with
the crop, respectively, by 25, 20 and 14.3% (Bilenko &
Baranenko, 2018).

Similar results were obtained in the fields of the
Institute of Steppe Agriculture of the National Acad-
emy of Agrarian Sciences of Ukraine (Pohribnyi &
Mashchenko, 2021). It has been established that grain
and fallow crop rotations with sunflower saturation of
20% and the use of an organic-mineral fertilisation sys-
tem provide high stress resistance of plants to abiotic
factors. This, in turn, ensures a high yield of 2.63 t/ha.

According to V. Hanhur (2016), high culture of
farming, adherence to scientifically sound crop rota-
tions, and the use of highly productive hybrids allow
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saturating field crop rotations with sunflower at the
level of 14-15% of the total sown area. Under such con-
ditions, there is no significant decrease in the produc-
tivity of both the sunflower and the crop rotation as a
whole. At the same time, it allows for the possibility of
a one-time increase in the share of sunflower in the
structure of crop rotation areas up to 20%.

Some scientists state a decrease in sunflower seed
yields (2.19 t/ha) in case of increasing the share of sun-
flower in crop rotation to 50%. Crop rotations with 33.3
and 25% saturation provided sunflower yields of 2.49-
2.61 t/ha. If crop rotations are saturated with sunflower
by only 20 and 14.3%, a fairly high yield can be obtained:
2.70 and 2.75 t/ha. This is by 0.26-0.56 t/ha higher than
when the crop rotation is saturated with sunflower by
50.0% and 33.3%. These data are confirmed by parallel
studies on growing sunflower in crop rotations. Kokhan
et al. (2015) noted a gradual decrease in yields when the
crop rotation was saturated with sunflower to 20,25,33.3,
and 50%. Especially in two- and three-crop rotations: by
0.55 and 0.27 t/ha. According to long-term data from the
Mykolaiv State Agricultural Experimental Station, when
sunflower was returned to its previous place in the crop
rotation after 10, 6 and 4 years, its yield was 2.01, 1.33
and 1.11 t/ha, respectively (Popova et al., 2004).

The research conducted during 2020-2021 shows
the expediency of studying the issue of the share of
sunflower in short rotation crop rotations. Analyses of
the NPK content in the topsoil show that, in general, an
increase in the saturation of crop rotations with sun-
flower to 60% does not reduce the availability of soil
nutrients. In turn, the yield data confirm the results of
other authors regarding the inexpediency of increas-
ing its share in crop rotation. After all, the yield slightly
decreased in the variant with 60% saturation of crop
rotation with sunflower to 3.21 t/ha compared to 20%
saturation, where the yield is 3.43 t/ha, and at 40% sat-
uration - 3.57 t/ha.

CONCLUSIONS

The increase in the share of sunflower in short rotation
crop rotations did not lead to a deterioration in the nutri-
ent regime of the tilth layer of soil. There was no signif-
icant variation in the content of nutrients between the
variants. The most nutrient-supplied topsoil was in the
control variant (crop rotation without sunflower). With
increasing saturation of crop rotations with sunflower,
the amount of available forms of nutrients in the tilth
layer of soil slightly decreased, but within the limits
of availability were at the same level according to the
experimental variants: easily hydrolysable nitrogen -
low; mobile phosphorus - medium; exchangeable po-
tassium - increased.

It was proved that an increase in the share of
sunflower in short rotation crop rotations leads to a
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decrease in the yield of the crop itself by 0.22-0.36 t/ha.  of sunflower residues to calculate the balance of these
The yield of sunflower seeds was at the same level at 20  elements in the soil, taking into account the frequency of
and 40% saturation (3.43 and 3.57 t/ha). The relationship ~ sunflower return to its original place.

between sunflower yield and its saturation in the crop

rotation is noticeable, but it depends significantly on the ACKNOWLEDGEMENTS

soil nutrient regime. The yield level is most influenced by  None.

the content of phosphorus and potassium in the topsoil,

with correlations of 0.91 and 0.98 respectively. Further CONFLICT OF INTEREST

research will be aimed at determining the NPK content  None.
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MOXMBHUN PEXXUM I'PYHTY 3a/1€)XHO Bifi YaCTKU COHALUHUKY
Y KOPOTKOPOTaLiMHMX CiBO3MiHaX

3inaipa OnekciiBHa JertapboBa

AcnipaHT

[epxxaBHuit BiOTEXHONOTIYHMIA YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. XapkiB, YKpaiHa
https://orcid.org/0000-0002-1055-4811

AHoTauis. 119 pocTy i pO3BUTKY COHALIHMKY HEOOXiAHA LOCTATHS KiNbKiCTb MOXUBHUX peYOBUH. TOMYy BCTAHOB/IEHHS
BM/IMBY BMPOLLYBAHHS COHSALIHWUKY HAa MOXMUBHUI PEXUM TPYHTY, 3 YpaxyBaHHSAM YaCTOTM MOro MOBEPHEHHS Ha
nonepenHe Micle, € akTyanbHUM. MeToto po60oTU YN0 BU3HAUMTU BIJIMB YACTKMU COHSLLIHUKY Y KOPOTKOPOTALLIMHUX
CiBO3MiHax Ha MNOXWMBHUM pexum rpyHTy. [ocnigkeHHS nNpoBOAMAMCS HA AOCNIAHOMY noni XapKiBCbKOro
HaLioHanbHOro arpapHoro yHiBepcuteTy iM. B.B. [lokyyaeBa, ske po3tawoBaHe B JliBobepexHomy Jlicocteny
Ykpainn. HocnigxeHHs Ta o6niku 6ynn npoBegeHi HA YOPHO3EMi TUMOBOMY BaXXKOCYMIMHKOBOMY 3riAHO i3
3araibHONPUIHATUMM MeToamKamMn. CxemMa pocniny nepenbavana maTMNiNbHI CIBO3MIHM i3 HACUYEHHAM COHSILLIHMKY
0, 20, 40 i 60 %. Pe3ynbTaTv JOCNiOAXEHb CBifYaTh, WO 30iNblUEHHS YACTKM COHSLIHUKY B KOPOTKOPOTALLiMHMX
CiBO3MiHaxX He NMpU3BOAMTb 40 MNOTiPLUEHHS MOXMBHOIO PeXMMY OPHOTO LWapy IPYyHTY. He BUSIBNEHO CYTTEBOI Pi3HMLA
MiX BapiaHTaMM y BMICTi e/IeMeHTIB XMBAEHHS. Halibinbll 3abe3neyeHnM NOXKUBHUMU efleMeHTaMu ByB OpHUIA Wwap
I'PYHTY Y KOHTPOJbHOMY BapiaHTi (CiBO3MiHa 6€3 COHSAWHMKY). 3 MiABULLEHHSAM YACTKM COHSALWHMKY Y CiBO3MiHaX,
KiNIbKiCTb €/1eEMEHTIB XMBJIEHHS B OPHOMY LAPi I'PYHTY AELLO 3HMXKyBanacs. HesanexHo Bif AOCNiAKYBaHUX BapiaHTIB
CiBO3MiH, 3a6€e3MeYeHiCTb IErkoriaponi3HMM a3oToM Oynia HM3bKOK, PyXoMUM GocdhopoM — cepeaHbot, 0OMiHHUM
KanieM — nigBuLLEHOK. 36iNbLUEHHS YaCTKM COHSILHMKY B KOPOTKOPOTALLIMHMX CiBO3MiHaX MPU3BENIO L0 3HMXKEHHS
BPOXaMHOCTI CaMoi KynbTypu. YPOXaWHICTb HACIHHA COHALIHWMKY 3HaXoAunacs Ha OOHOMY piBHI y BapiaHTax i3
yactkamu 20 ta 40 %. BigMiveHO TiCHMI 3B'A30K MiX YPOXAMHICTIO COHALLUHUKY Ta MOr0 HACUUYEHHAM, WO 3HAYHO
3aN1eXMUTb Bif, MOXMBHOIO peXuMy FpyHTY. Haibinblue Ha piBeHb BPOXat0 BM/AMBAE BMICT B OPHOMY WWApPi IPYHTY
docdhopy Ta Kanito. [Mpu uboMy KopensauiiHui 38930K cTaHoBKTb 0,91 Ta 0,98 BignosigHo. NpakTMYHa LiHHICTb LbOro
LOCNiAKEeHHs 06yMOBEHA MOXK/IMBICTIO BUKOPUCTOBYBATM OTPMMAHI pe3ynbTaTu Nif 4ac 06rpyHTyBaHHS AOLINBHOCTI
30i/bLIEHHS YAaCTKM COHALIHMKY Y CTPYKTYpPi CiBO3MiH

KniouoBi cnoBa: HacMUeHiCTb; CTPYKTypa CiBO3MiHM; POAIOYICTb; KOPeNnsauinHa 3aNexXHiCTb, MOXMBHI €1eMeHTH;
YOpPHO3€EeM TUNOBUM
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