UDC 635.6:631.8 Ukrainian Black Sea Region Agrarian Science
DOI 10.31521/2313-092X/2021-1(109)-5 Vol. 25, No. 1

The effect of treatment of vegetable pea seeds with boron and molybdenum
on the growth and development of plants depending on the timing of sowing
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Abstract. Currently, the issue of preserving organic matter, which is increasingly being replaced by synthetic
alternatives, is relevant and expedient. But these substitutes are alarming because of their possible threat of
dangerous after-effects, because the human body generally consists of what it consumes in everyday food. All
chemical elements undesirable for the body that can cause the appearance of diseases and health complications
fall under the category of dangerous food. In view of this, in order to preserve the volume of production of natural
food products, there is a need to increase the share of leguminous crops. In addition to the positive effect on soil
fertility, lequmes are naturally filled with biologically pure nitrogen.Also, this crop has a higher content of valuable
plant protein compared to cereal grain crops. In order to increase the production of pea grain, it is necessary to
use high-yielding varieties of the moustached morphological type. The purpose of the article is to identify the
influence of sowing dates and treatment of vegetable pea seeds with molybdenum and boron fertilizers on plant
development indicators in the conditions of Southern Ukraine. The research used the laboratory method, as well
as the methods of field experiment and phenological observation. It was established that the effect of boron
and molybdenum delays the onset of the phenological phases of crop development, and the use of two different
sowing times allows to delay the onset of the technological maturity phase by 6 days. This is important during
harvesting for minimal losses of the vegetable pea crop. The practical value of the results lies in the application of
combinations of molybdenum and boron fertilizers to increase the yield and nutritional value of leguminous crops
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INTRODUCTION

Currently, the issue of preserving organic matter, which
is increasingly being replaced by synthetic substitutes,
is relevant. But these substitutes are confusing because
of the threat of dangerous after-effects, because the hu-
man body generally consists of what it uses in everyday
food. At first glance, dangerous food includes all chemi-
cal elements that are undesirable for health, which can
cause the further development of diseases and health
complications. The reserve is the cultivation of legu-
minous crops, which are able to fix nitrogen from the
atmosphere or apply organic fertilizers [1].

Increasing the share of leguminous crops in the
structure of planted areas is the cheapest and most
effective way of increasing soil fertility, increasing hu-
mus and nitrogen content, and protecting land from
degradation. In addition to increasing the yield, such
agricultural methods contribute to the accumulation
of a greater amount of biologically pure nitrogen in it
after harvesting vegetable peas, compared to existing
technologies, they allow to extend the time of technical
maturity of the seed and the period of its processing,
which in the conditions of the south of Ukraine is a
very important and urgent problem. The technology of
growing green peas as one of the important lequminous
crops is energy-saving, since the energy accumulated
with the crop significantly exceeds its production costs.

Peas, compared to cereal grain crops, have a num-
ber of important advantages, especially in terms of
yielding valuable vegetable protein. In addition, the
cultivation of peas in crop rotations significantly re-
duces the total cost of crop production, improves the
phytosanitary condition of crops and increases the pro-
ductivity of arable land. Peas differ from other legumes
in that the stem of the plant is not prone to branching
and grows mainly in height.

In favorable years, due to overgrowth of plants,
pea crops are severely damaged, so 2-phase harvest-
ing should be carried out, which often leads to crop
losses. The priority direction of effective restoration of
cultivated areas and increase of pea grain production
should be the cultivation of high-yielding varieties of
the moustached morphological type with high potential
productivity, resistance to environmental stress factors,
lodging and suitable for harvesting by direct harvest-
ing [2]. That is why there is a need to improve the tech-
nology of growing peas that are not prone to lodging, in
order to increase the yield of this crop. Therefore, in the
system of measures aimed at increasing the productiv-
ity of peas, great importance is attached to the rational
use of fertilizers and the norms of sowing seeds.

The high yield potential of modern pea varieties
can be maximally realized when growing them using
technologies that involve the complex application of
intensification factors [3]. The priority direction of in-
creasing the sown areas of peas in the south of Ukraine
should be the cultivation of high-yielding varieties of
the moustached morphological type with high poten-
tial productivity, resistance to diseases and lodging,
suitable for harvesting by direct harvesting.
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In the system of measures aimed at increasing the
production of peas, an important place belongs to new
high-protein varieties, which must be high-yielding,
resistant to diseases, lodging, suitable for direct har-
vesting [1]. Thus, plants of low-growing varieties with
a strong stem begin to lay down only during flower-
ing, while tall varieties with a long stem - even be-
fore the beginning of budding (in the 10-leaf phase).
Short-stemmed pea varieties are characterized by a
well-developed mechanical tissue, and have a devel-
oped transport system of the stem.

For the successful cultivation of vegetable peas for
seeds, it is important to carry out a set of measures to
increase soil fertility. Many years of research conducted
by many scientists with various crops, including vegeta-
ble peas, testify that mineral fertilizers, along with im-
proving the nutrient regime of the soil and plants, also
affect the water regime, contribute to a more complete
and economical use of moisture for crop formation [3].

Peas are considered a relatively cold-resistant
plant. At the same time, it is demanding on soil mois-
ture, reacts negatively to high temperatures and lack
of moisture. Especially, the combination of heat and
drought, which is a common natural phenomenon in
the southern part of Ukraine, suppresses its growth and
development. Unfortunately, peas have to experience
drought and heat more and more often. Therefore, the
producers of our region have to sow earlier so that half
of the growing season falls on a period with moderate
heat and sufficient humidity [3]. However, it is possible
to sow even ordinary varieties of grain (shelled) peas
very early. For example, in the Kherson region, peas can
be sown during the winter or in early spring. However,
there is a great risk of freezing of pea plants.

At low temperatures, pea shoots appear later (after
15-20days)andunfriendly.Weakenedseedlingsareprone
to diseases, suppressed by weeds and damaged by pests.
This situation is especially negative for the growth and
development of plants of sugar and brain pea varieties,
for which the minimum germination temperature is 4°C.

It is also known that the optimal temperature for
the development of seedlings is from 15 to 16°C. At low
temperatures (less than 10°C), plants develop slowly
and are strongly affected by fungal and bacterial dis-
eases. The growth rate of peas at low positive temper-
atures is affected by the amount of reserve nutrients in
the seeds, so plants that were treated with nutrients
before sowing will germinate faster [4].

Seedlings of most pea varieties can tolerate short-
term temperature drops to minus 6°C. However, the
yield of “frozen” plants decreases by 10-30%, and the
ripening of beans is delayed by 7 days. If the surface of
the soil is covered with snow, then the seedlings can
withstand a drop in temperature to minus 10-12°C.
Seedlings can withstand a short-term drop in tempera-
ture to minus 1-2°C without a decrease in productivity.

There are several opinions among scientists who
study this problem regarding the methods of sowing
and the density of standing pea plants when grown for



seeds and green peas. Most of them recommend, for the
most part, the usual row method of sowing with a row
spacing of 15 cm,which is carried out with seed drills, for
example SZ-3.6,SZP-3.6.With this method of early sow-
ing, coulters are less clogged with moist soil and seeds
are sown more evenly than with narrow-row sowing [6].

Many experiments [4-6] of scientific research insti-
tutions and the practice of advanced product manufac-
turers have established the effectiveness of adding not
only phosphorus, potassium and nitrogen fertilizers,
but also organic fertilizers to peas or its predecessor.
It was noted that when they are used correctly, they do
not suppress, but, on the contrary, stimulate nitrogen
fixation by nodule bacteria [4]. The regularity in the in-
crease of the pea yield from the use of phosphoric fer-
tilizers was observed in experiments by some authors,
while the equivalence of terms and methods of appli-
cation of these fertilizers was established for both field
plowing and cultivation.

Inthe modern period of the development of agro-in-
dustrial production, one of the main conditions for the
increase of gross harvests and peas is the constant im-
provement of the technological elements of cultivation
in accordance with the morphological and biological
characteristics of the variety. Issues of improving the
grain quality of this important crop are also gaining pri-
ority. Modern cultivation technologies of grain legumes
should be based on the management of all processes
of ensuring high grain productivity and grain quality, as
well as be directed to the maximum use of the culture’s
biological productivity potential. For the normal growth
and development of plants, a suitable feeding area is
required, in which they will have enough nutrients, wa-
ter and solar energy to create the necessary vegetative
mass and grain formation. By increasing or decreasing
the feeding area, the effectiveness of mineral fertilizers
can be increased. The productivity of peas is the highest
when the optimal sowing rate is used. Its value depends
on soil fertility, climatic conditions, predecessor, fertiliz-
er, variety, terms and methods of sowing, seed quality.

Of the microelements, the role of molybdenum and
boron should be especially noted. With a lack of molyb-
denum, nodules of nitrogen-fixing bacteria are weakly
formed, the synthesis of free amino acids is disrupted
in them, and the synthesis of leghemoglobin is inhibit-
ed [7]. With boron deficiency, vascular bundles are not
formed in nodules, as a result of which the development
of bacterial tissue is disturbed [8].Also, the lack of boron
leads to a deterioration in the quality of the harvest-
ed crop of products in the phase of technical ripeness.

In order to increase the yield of pea, its seeds are
treated with boron - 2.7 kg/t, nitrogen and molybde-
num-acidic ammonium (25 g per hectare seed rate). In-
oculation of seeds with rhizorthorphin increases yield
by 2.0-4.2 ¢/ha and improves its quality. The protein
content increases by 2-5% [3].

British scientists [9; 10] believe that fertilizers
should not be applied to peas, even on poor soils, be-
cause nodule bacteria will not develop, and the use of
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fertilizers will be ineffective. In their opinion, the use
of nitrogen fertilizers is justified in small doses (N,
and only on late sowing of peas. High efficiency on pea
crops is ensured by the application of ammophos or su-
perphosphate enriched with boron and molybdenum.
The rate of P,O; is 10-20 kg/ha. On the chernozem soils
of the Steppe, molybdenum combines with alkalis and
alkaline cations, turning into compounds that are solu-
ble in water and inaccessible to plants [6].

It is known that boron plays an important role in
the processes of plant fertilization: it enhances the ger-
mination of pollen, the growth of pollen tubes and is
necessary for the formation of the vital activity of pol-
len. Boron is a necessary element of mineral nutrition
of plants. In addition, depending on the type of plants
and soil and climatic conditions, its amount in plants
varies within fairly wide Llimits. If the dry mass of grain
crops contains only 1-3 mg of boron per 1 kg of com-
pletely dry mass of plants, then in sunflower leaves -
50-60 mg, and in leguminous crops - 30-60 mg per
1 kg of completely dry mass [11; 12]. The development
of ovaries and seeds due to a lack of boron lags behind
normal, and the processes of seed maturation are dis-
turbed, therefore boron has a positive effect on the seed
productivity of many agricultural crops and the forma-
tion of fruits and berries in fruit and berry plants [13]. It
also plays an important role in the synthesis of carbo-
hydrates, which is necessary for establishing a normal
symbiosis between nodule bacteria and the plant.The
best results are provided by boron in combination with
molybdenum, since the latter is necessary for the bio-
chemical processes of fixing molecular nitrogen.

Being in the tissues of plants, boron can create
complex compounds with organic oxyacids, carbohy-
drates and polyatomic alcohols. Vitamins - riboflavin
and ascorbic acid also combine with boron. A number
of experiments established the effect of boron on the
activity of enzymes: catalase, dehydrase, invertase, etc.

Boron also affects osmotic processes and hydration
of colloids. A positive effect of boron on drought re-
sistance and salt resistance of plants was established.
And with a lack of boron, the content of vitamins in the
leaves decreases: ascorbic acid, thiamine, and ribofla-
vin. Lack of boron in plant nutrition delays the synthe-
sis of proteins and nucleic acids.

The effect of boron fertilizer on leguminous crops
was studied in Latvian collective farms in 1961-1962.
For dusting, 1-2 kg of fertilizer was used per 1 t of
seeds, and when applied to the soil, 60 kg/ha. Boron
increased the yield of peas by 2.5-3.0 t/ha. Favorable
results were obtained when pre-sowing treatment of
seeds with boron was combined with poisons [4].

Molybdenum fertilizers are also increasingly used
in the cultivation of legumes, vegetables and some oth-
er crops. This is explained by the fact that molybdenum
significantly affects the nitrogen metabolism of plants,
nitrogen-fixing bacteria,as well as some algae and fungi.
Molybdenum is involved in the fixation of molecular ni-
trogen by nodule bacteria in symbiosis with leguminous
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plants. It is also an active component of enzymes in-
volved in the reduction of nitrates in tissues to am-
monia, which is subsequently used in the processes of
formation of amino acids and proteins. Molybdenum,
changing its valency, participates in oxidation-reduc-
tion reactions and is an important link in the chain of
element transfer from the oxidizing substrate (electron
or hydrogen donor) to the substance being reduced.

The mainrole of molybdenum is thatit enhances the
activity of proteid enzymes associated with nitrogen me-
tabolism and participates in the enzymatic activation of
molecular hydrogen.Thus,according to some authors [5;
9], the green mass of leguminous plants contains from
1.9 to 9.1 mg, and in nodules on the roots of clover
and lupine plants up to 17 mg per 1 kg of raw mass [7].

The purpose of the study is to establish the influence
of early and late sowing and treatment of pea seeds
with boron and molybdenum fertilizers on the onset of
the main phases of plant development, based on a field
experiment accompanied by phenological observations
and analysis of plant samples.

MATERIALS AND METHODS

Experiments on the study of the influence of sowing
dates and the use of boron-molybdenum fertilizer were
conducted in the field crop rotation of the Kherson
State Agricultural and Economic University in 2017-
2018 according to the following scheme:

Factor A. Pre-sowing treatment of pea seeds:

1.N,,P,, - background

2.Background + treatment of seeds with boron

3. Background + seed treatment with molybdenum

4. Background + treatment of seeds with boron and
molybdenum

Factor B. Sowing dates:

1.The early term - the third decade of March

2. Late period - the first decade of April

The high-yielding variety ‘Alfa” was chosen as the
object of research, which is characterized by a high re-
sponse to the use of trace elements, and therefore has
a large area of cultivation. This variety is zoned in the
Steppe and Forest Steppe.

Experiments were carried out using the method of
split plots in accordance with the methodology of field
research. The experiment was repeated four times. The
total area of the plot was 72 m? and the accounting
area was 50 m?2 All observations were carried out on
the basis of the above options in two non-adjacent rep-
etitions. The field experiment was accompanied by phe-
nological observations. Plant height was determined on
fixed plants in two non-adjacent replicates. The results
of the obtained experimental data were subjected to
variance analysis [14].

RESULTS

Various external factors (environmental factors or the
influence of human activity) can within certain limits
change the timing of the transition from vegetative to
generative phases [7]. Studying the possibility of influence
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of various current factors on the above process is impor-
tant, first of all, for producers of agricultural products.

It is known that the phase of technical ripeness of
green peas is very short and lasts an average of 3-5 days
in the south of Ukraine, and producers of canned goods
must have time to collect the harvest from the field in
such a short time. This leads to the limitation of the pro-
duction of high-quality products and the irrational use
of expensive equipment of canneries during the season.
There are other ways to extend the terms of receipt of
raw materials for processing: the use of different sowing
times, the use of varieties of different maturity groups,
theintroduction of increased doses of nitrogen fertilizers.

The research was carried out with the nitrogen and
phosphorus indicator in the soil at the level of N30P40.
It has been previously established that with the onset
of the bean formation phase, a sharp change in the di-
rection of physiological and biochemical processes in
all plant organs occurs. Leaves, stems and roots work
only on beans until the end of the growing season. The
mass of above-ground vegetative organs and roots in-
creases to a small extent. The roots, and therefore the
tubers, receive less and less carbohydrates. Potatoes,
experiencing energy hunger (deficiency of carbohy-
drates), reduce the activity of nitrogen fixation, the out-
flow of nitrogen and other elements from vegetative to
reproductive organs increases, plants grow old, begin
the process of self-destruction. The plant mobilizes all
resources to produce the maximum possible number of
high-quality seeds. About 70-80% of the nitrogen ac-
cumulated before flowering in the vegetative organs
of legumes is redistributed to the seeds. Therefore, the
variant of the experiment chosen by us - background
N,.P,, is scientifically justified.

The studies studied the effect of trace elements
boron and molybdenum on the timing of the onset of
phenological phases of development and the length
of interphase periods of vegetable peas. It was estab-
lished that the studied factors had a certain influence
on these indicators. Data on the influence of boron and
molybdenum on the timing of the onset of the main
phenophases of pea for both sowing periods are given
in Table 1. The analysis of the data in the table shows
that the time of sowing had a significant effect on the
time of onset of the phase of technical ripeness of green
peas, which was also observed by other researchers.

It was established that the treatment of pea seeds
with boron in the first period of sowing did not affect
the length of its growing season, and in the second,
when the temperatures were high, it accelerated its de-
velopment by an average of 2 days.

The pattern described above was also observed
during the second term of sowing vegetable peas, but
in this case,the most noticeable effect on delaying the
onset of the technical maturity phase was obtained
by treating the seeds with molybdenum alone. The
duration of the interphase period of vegetable peas,
depending on the studied factors, is given in Table 2. It
should be noted that the passing of the interphase pe-
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riod “blooming - seed pouring”and “seed pouring - tech-
nical maturity of seeds” in all variants of the experiment

practically did not depend on the studied factors and dif-
fered little from the control for both methods of sowing.

Table 1. Calendar date of the onset of phenophases depending
on the elements of agricultural technology (2017-2018)

The term of onset of phenophases according to the terms of research
The first sowing period (the third decade of March)

The second sowing period (the first decade of April)

Research options

. . . Technical . . . Technical
Sowing Seedlings Flowering maturity Sowing Seedlings Flowering maturity
N,,P,, - background 19.03 02.04 28.05 18.06 02.04 12.04 03.06 24.06
Background * treatment of ;g 7 02.04 28.05 18.06 02.04 12.04 01.06 23.06
seeds with boron
Background + seed
treatment with 19.03 03.04 04.06 24.06 02.04 14.04 08.06 23.06
molybdenum
Background + seed
treatment with boron and 19.03 04.04 03.06 24.06 02.04 14.04 09.06 30.06

molybdenum is compatible

Table 2. The duration of the interphase period of vegetable peas depending on agricultural technology (2017-2018)

The duration of the interphase period, days

Seedling Whisker
- whisker

formation

Research options

Sowing -

seedling bldding

formation -

Pouring
seeds -
milky
ripeness

Milky
ripeness -
technical
ripeness

Flowering -
pouring
seeds

Budding -
flowering

Seedlings -
harvesting

Sowing period is the third decade of March

N,,P,, - background 12 12 29 9 8 9 2 70
Background + treatment of 12 12 29 8 9 8 2 69
seeds with boron
Background + seed
treatment with 12 14 31 9 8 9 2 74
molybdenum
Background + treatment
of seeds with boron and 14 15 32 9 7 9 2 75
molybdenum
The period of sowing is the first decade of April
NP, - background 8 10 28 8 8 8 2 64
Background + treatment of 7 10 29 7 9 8 3 66
seeds with boron
Background + seed
treatment with 11 11 27 9 7 7 2 63
molybdenum
Background + treatment
of seeds with boron and 11 14 27 9 8 8 2 68

molybdenum

As for the duration of the period of technical maturity
of the seeds, it was a maximum of 4 days in all variants,
after which the phase of waxy maturity of the seeds came
and it sharply lost its quality due to the change of green
color to yellow, the amount of sugars in it decreased (up
to 3%) and the amount of starch up to 9-12%, which,
according to many authors, makes it impossible to pro-
cess it into canned green peas [6]. The total duration of
the vegetation period “seedlings - technical maturity of
seeds” in the control version was 70 days for the first
and 64 days for the second sowing period. It was the
longest in the “background + seed treatment with boron
and molybdenum” option during the first sowing period

The effect of molybdenum was reversed: in all cas-
es, it delayed the onset of the technical maturity phase
by an average of 4 days, both when applied in its pure
form and in combination with boron.

Also, in our research for 2017-2018, we expected to
achieve an increase in productivity due to an increase
in the number of seeds per 1 vegetable pea plant both
by increasing the productivity of beans and increas-
ing their number. Data showing the influence of boron
and molybdenum treatment of seeds on the number of
flowers, beans and the distance between them in the
interphase period of “flowering-bean formation” are
given in Table 3.
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The dataindicate that the number of flowers and beans
during the years of research, both in the early and late sow-
ing periods, did not differ significantly,and the influence of

the studied factors on them was significant. The yield in-
crease in our experiments was due to the number of beans
on one plant, and not the number of seeds in one bean.

Table 3. The influence of seed treatment with microfertilizers on reproductive indicators

Options

Number of flowers, pcs.

of pea in the interphase period “flowering - pod formation” (average for 2017-2018)

Phases of development

The number of seed
primordia, pcs.

Distance between
flowers, cm

The first sowing period

N,,P,, — background
Background + treatment of seeds with boron
Background + seed treatment with molybdenum

Background + treatment of seeds with boron and molybdenum

The second sowing period

N,,P,, - background
Background + treatment of seeds with boron
Background + seed treatment with molybdenum

Background + treatment of seeds with boron and molybdenum

Analyzing the data in the Table 3, it can be seen
that the number of beans on the plants of the boron
and molybdenum seed treatment option was 13.5 dur-
ing the first sowing period, compared to the control 7.9,
i.e.the increase was 1.7 times. Despite the decrease in
the weight of 1,000 seeds, the average yield increase
for 2017-2018 in this variant was 30.3% in the first
sowing period, and 30.7% in the second sowing period.
The greatest yield increase in the second term (30.7%)
was found in the variant with molybdenum and molyb-
denum seed treatment.

When conducting biometric studies on the meas-
urement of the height of the vegetable pea in the main
phases of development, it was simultaneously estab-
lished that the studied factors had a positive effect on
the growth and development of the plant.

CONCLUSIONS

The analysis of experimental data shows that treat-
ment of peas with boron and molybdenum, as well as
the timing of sowing, significantly affect the timing of
the onset of the technological phase of crop maturity,
which is also observed by other researchers. Summariz-
ing the above, the following conclusions can be drawn:

7.9 5.3 8.1
10.9 5.9 10.1
1255 6.5 10.7
135 7.2 11.3
7.5 5.1 7.4
10.1 7 9.6
114 6.0 10.5
12.6 6.6 111

- the maximum delay in the onset of subsequent
phenophases of the development of pea is observed
during the period of intensive growth of the vegetative
mass of the crop;

- during the development of generative organs,
seed treatment with trace elements has almost no ef-
fect on the length of interphase periods;

- the use of two sowing periods with a difference
of 14-16 days allows delaying the onset of the phase of
technical seed maturity by 4-6 days,and in combination
with seed treatment with trace elements in various com-
binations - delays this phase by 11 days compared to the
control, and this allows to extend the crop harvesting
period in southern Ukraine with minimal crop losses;

- the number of flowers and beans during the years
ofresearch,both duringthe earlyand late sowing periods,
did not differ significantly, but the influence of the stud-
ied factors on them was significant. The yield increase
in our experiments was due to the number of beans on
one plant, and not the number of seeds in one bean.

The obtained data can be used at enterprises in the
south of Ukraine, which are engaged in the processing
of products for the cannery, in order to make pea puree
for baby food and green peas for salads.
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BnnuB o6po6KKU HaCiHHA ropoxy oBo4eBoro 6opom i MmoniéaeHom
Ha pICT i PO3BUTOK POC/IUH 3a/1€)XXHO Bif4 CTPOKIB ciB6M
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AHoTauif. Hapasi akTyanbHUM Ta OOUINbHUM € MUTaHHSA 36epexeHHs OpraHiyHoi pevyoBMHM, HA 3aMiHy SKOi yce
yacTilwe NpUXOoAsTb CUHTETUYHI anbTepHATUBU. Ane Ui 3aMiHHUMKM HACTOPOXYIOTb CBOED MOX/MBOIO 3arpo3oto
Hebe3neyHoCTi Nicnaaii, agke opraHiaM NIOAMHM B3arani CKNaAA€ETbCA 3 TOTO, L0 BOHA CMOXMBAE Y NOBCAKAEHHY DXKY.
Mip BMAOM Hebe3neyHoi ixi NOTpannsTb i BCi HeOaXaHi AN OpraHi3My XiMiYHi eneMeHTH, Lo MOXYTb CPUYUHUTH
nossy xBopob Ta ycknagHeHb 340pOB4. 3 ornafy Ha Le, 3 MeToto 36epexeHHsi 06€MiB BUPOOHMLTBA HATypanbHUX
Xap40BUX MPOAYKTIB MOCTAE HEOOXiAHICTb PO3WMPEHHS YacTKMn 3epH06060BMX KynbTyp. OKpiM NO3UTUBHOIO BNAMBY
Ha pOAKYICTb I'PyHTIB, 6060BMM BNACTMBO HAMOBHIOBATMCSA GiONOMYHO YMCTUM a30TOM. TaKoX LS KynbTypa Mae
BULLMI BMICT LLIHHOMO POCAMHHOIO 6inKa y NOPIBHSAHHI i3 31aKOBMMU KONOCOBUMU KYNbTypaMu. 3314 36inblieHHs
BMPOOHMLTBA 3epHa ropoxy MoTpibHO BMKOPWUCTOBYBAaTM BWCOKOMPOAYKTUBHI COPTM BycaTtoro MopdonoriyHoro
TMNY. MeTol CTaTTi € BMAB/EHHS BMNIMBY CTPOKIB CiBOM Ta 06pOOKM HACIHHA rOpOXy OBOYEBOrO MOJiOAEHOBUM i
60pHUM [0OPMBAMM Ha MOKA3HUKM PO3BUTKY POCAUH B yMoBax [liBaHS YkpaiHW. Y [OCNiAKEHHI 3aCTOCOBYBaNMUCS
nabopaTopHuii MeTof, @ TaKOX MeTOAM MONbOBOro JOCAIAY Ta (EHONOrivYHOro cnocrepexeHHs. BctaHoBneHo, LWo
nis 6opy Ta MonibaeHy 3aTpUMYE HaCTaHHS GeHonoriyHMx $as po3BUTKY KyIbTypu, @ 3aCTOCYBAaHHS ABOX Pi3HUX
CTPOKIB CiBOW LO3BOSISIE 3aTPMMATH HAaCTaHHS a3 TEXHOONYHOI CTUINOCTI Ha 6 fib. Lie BaxnunBo npu 36upaHHi gns
MiHiManbHMX BTPAT BPOXa ropoxy 0BOYEBOr0. [1paKTUYHA LiHHICTb pe3ynbTaTiB NOASrae y 3aCTOCyBaHHI KOMBiHaLiN
MonibaeHoBUX Ta HOpHUX LOOPMB ANS NiABULLEHHS BPOXAMHOCTI Ta NMOXMBHOI LLIHHOCTI 3epHO6060BUX KYNbTYP

KnwouoBi cnoBa: ropox OBOYEBMM, €IEMEHTU XMBEHHS, OOpHI Ta MonibaeHoBi [0OpMBA, NMOKA3HUKKM POCTY Ta
PO3BUTKY POC/IMH
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