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Abstract. The use of growth stimulants for the cultivation of oak seedlings in the Bukovyna Sub-
Carpathian region allows to accelerate their development and increase their sustainability in an
environment where there is no natural forest regeneration. The aim of the study was to evaluate
the effect of growth stimulants at different multiplicity of treatments during the growing season
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on the biometric parameters of Quercus robur L. Seedlings were grown in Ecotherm containers
in the glasshouse of the base nursery. The composition of the substrate for filling the containers
is a mix of peat, sand and black soil in equal proportions with mycorrhiza from under the forest
canopy of oak stands. The results of the effect of growth stimulants on the biometric parameters
of one-year-old seedlings of common oak with a closed root system are presented. Plant growth
stimulants were used for spraying and irrigation seedlings during their cultivation. The results of
the research indicate a positive effect of the use of growth stimulants on the seedlings of common
oak. All experimental variants showed a positive effect on the biometric parameters of one-
year-old oak seedlings at three, six and nine times of feeding with growth stimulants during the
growing season. The difference in the variants with the use of plant growth stimulants compared
to the control in height is up to 27%, in the length of the root system — up to 43%, and in the
total length — up to 29%, accordingly, depending on the dose of the stimulants and the frequency
of treatment during the growing season. Refined data on the biometric parameters of one-year-
old seedlings of common oak with a closed root system grown in closed ground conditions were
obtained. The data obtained are useful for forest restoration in regions with damaged or degraded
ecosystems where natural regeneration is limited

Keywords: planting material; seedling height; root system length; seedling feeding; cultivation

Introduction

Improving the efficiency of forest plantations
and preserving the forest fund are key tasks
for ensuring environmental sustainability
and biodiversity. Optimal methods of grow-
ing and caring for forest crops contribute to
the rapid growth and health of trees, which
ensures their resistance to diseases, pests and
climate change. Biometric parameters of tree
seedlings include growth parameters such as
height, trunk diameter, number of leaves and
root mass, which are important for assessing
their development and adaptation to local
conditions.

The reproduction methods of plantations
involving common oak (artificial, natural or
combined) are among the methods of planta-
tion reproduction. According to M. Rumiant-
sev et al. (2022), the most common is artificial,
i.e. the creation of forest crops. The produc-
tion of Quercus robur L., which accounts for
most hardwood plantations in the Bukovyna
Sub-Carpathian region, continues to increase,

which will continue to grow in the future
(Tkach et al., 2019), so the success of reforest-
ation largely depends on the type and quality
of planting material, which can be improved
by certain growth stimulants. In Ukraine and
abroad, various biologically active substances
are actively used to improve the efficiency of
growing planting material, in particular plant
growth and development regulators (Tkaczyk et
al., 2022). They can significantly improve the
resistance of plants to biotic and abiotic stress
factors, which contributes to yield increase
along with quality improvement (Raspopina et
al., 2022). The use of growth stimulants for
growing oak seedlings is not widespread, which
is confirmed by only a few scientific studies on
this issue. Therefore, the studies on the influ-
ence of growth stimulants on the biometric pa-
rameters of one-year-old containerized seed-
lings of common oak with a closed root system
in the conditions of Bukovyna Sub-Carpathian
region are relevant.
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The use of growth stimulants is a means of
reducing the negative impact of the environ-
ment on plants to accelerate the formation of
generative organs and roots, which improves
important physiological processes, intensifies
the hydrolysis of sugars and proteins, and ac-
tivates photosynthesis. Modern plant growth
regulators and other biological products consist
of a complex of biologically active substances
that activate metabolic processes in soil and
plants, increase plant resistance to adverse
conditions and contribute to the most efficient
use of their productive potential. Following
N. Paradikovic et al. (2019), growth stimulants
include a variety of substances applied to the
seed surface, root system or leaf surface. They
can improve plant nutrition, and increase their
resistance to various stresses, regardless of the
supply of nutrients to plants. Modern, high-
ly effective growth stimulants include herbal
preparations, as well as humic and fulvic acids.
Preparations based on amino acids, chitosan,
seaweed extract, and humic substances also
have high effectiveness on the plant (Lymar &
Kholodnyak, 2021).

Preparations containing protein hydro-
lysates have an anti-stress effect on plants.
In addition, they stimulate growth processes,
improve the absorption and assimilation of
nutrients, increase yields, and improve the de-
velopment of the root system and leaf mass.
Following S. Corsi et al. (2020), growth regula-
tors increase plant resistance to adverse envi-
ronmental conditions, such as low air and soil
temperatures, significant daily temperature
fluctuations, lack of moisture, negative effects
of pesticides, etc.

N. Boiko et al. (2021) stated that all stimu-
lants, due to the complex of biologically active
substances, have high physiological activity
and are capable of regulating plant growth and
development. Modern growth regulators on
a natural basis are safe for the environment,

humans and insects, increase metabolic pro-
cesses in the soil and improve its physical,
chemical and biological properties.

The main components of plant growth pro-
moters are auxin, cytokinin, gibberellin, absci-
sic acid and ethylene, as well as non-traditional
phytohormones such as brassinosteroids, sali-
cylic acid and jasmonic acid. Auxins are one of
the most extensively studied phytohormones
and are known to be involved in the regulation
of growth and shape formation stimulating cell
elongation and activating enzymes responsible
for cell wall strength (Bilous et al., 2023). Ac-
cording to H. Boiko et al. (2021), microorgan-
isms can be potential producers of auxins, gib-
berellins and vitamins through the release of
biologically active substances. The production
of growth-stimulating substances by microbial
strains can have a positive effect on the quality
and quantity of seeds.

G. Benitez et al. (2020) determined that the
complex effect of plant growth regulators on
physiological, biochemical and metabolic pro-
cesses in plant organisms has an anti-stress ef-
fect and unlocks the productivity potential in-
herent in plants. The use of growth stimulants
in silviculture was studied by M. Savushchyk et
al. (2020). They concluded that the need to use
these productsis determined by a decrease inthe
yield of high-quality planting material in nurs-
eries as a result of prolonged pressure on the
soil, especially with unjustifiably high doses of
various herbicides, which reduces soil fertility.

Growth simulators are widely used in ag-
riculture to increase the yield and quality of
grain, vegetable, melon, and berry crops (Pa-
lamarchuk, 2023). However, there is little ex-
perimental data in the literature on the effect
of such agents on the development of seed-
lings, cuttings and seedlings of woody plants.
Therefore, research on the impact of promising
growth stimulants and complex mineral fertil-
isers for growing seedlings of common oak can
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be used as a scientific basis for the creation of
environmentally friendly and intensive tech-
nologies for growing high-quality planting ma-
terial capable of withstanding plant diseases
and pests in a short time.

The study aims to determine the effect of
the multiplicity of treatments with growth stim-
ulants of common oak seedlings on the biome-
tric parameters of one-year-old containerized
seedlings with a closed root system in the con-
ditions of the Bukovyna Sub-Carpathian region.

Materials and Methods

To assess the impact of plant growth stimulants
on the quality of common oak planting mate-
rial, a series of experimental plots were laid
in 2023 in the greenhouse of the basic forest
nursery of the State Enterprise “Hertsaiv State
Specialised Forestry of the Agro-Industrial
Complex” (Chernivtsi region). The influence of
different concentrations of growth stimulants
at different multiplicity of treatments on the
seedlings of common oak was addressed.

The following growth stimulants were se-
lected for the study: Vermibiomag NPK (Herbi-
com LLC, Ukraine) and Ecostim-1 (Agrosvit LLC,
Ukraine). These are products are characterised
by a low consumption rate, which has an opti-
mal impact on the environment. Vermibiomag
NPK is a soluble preparation with organic and
mineral biogenic microelements, humic and
fulvic acids, as well as biostimulants. It reduc-
es the negative impact of stress factors, such as
drought, extreme temperatures, pesticides and
soil salinity and the contents of nitrites, radio-
nuclides and heavy metals in the soil, and has
the properties of a natural immunostimulant
with rapid inhibition of the development of
pathogens and pathogens.

Ecostim-1 with auxin complex promotes
intensification and stimulation of plant growth
due to the rational correlation of growth and
development of plant cells and organs. The

product is suitable for the treatment of plants in
any conditions — from open and closed ground
to hydroponic systems and can also be used for
the treatment of seedlings.

The treatment of common oak seedlings
was carried out for one, two and three months
with the studied preparations in different doses
with the addition of a growth stimulator. A total
of 45 containers were selected (Fig. 1): 5 per 1
experiment variant. Vermibiomag NPK was ap-
plied in doses of 1000 ml, 2000 ml and 3000 ml
per 1 ha, and Ecostim-1 — 100 ml, 200 ml and
300 ml per 1 ha with the addition of microele-
ments at the rate of 200, 400 and 600 ml per
1 ha, respectively. One variant was used as a
control (without treatment).

Figure 1. Containers
with common oak seedlings

Source: authors’ photo
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The study used cassette trays Ecotherm
(Energy Saving Technologies, Kyiv, Ukraine)
for sowing seeds and obtaining planting ma-
terial. The overall dimensions of the tray are
650%312x180 mm. The trays are intended for
use in forest nurseries for planting seedlings
of deciduous and coniferous tree species,
shrubs and other planting materials. These
trays are made of a special material with low
moisture absorption properties. Substrate
composition for filling containers: a mix-
ture of peat in the proportions of 33.3% peat,
33.3% sand, and 33.3% black soil with mycor-
rhiza from under the canopy of oak trees. To
obtain the desired fraction, the mixture was
sieved before mixing.

For all research variants, the treatment
began on June 23 with Vermibiomag NPK, 24
hours later — with Ecostim-1 solution with the
addition of trace elements and was carried out
every 15 days. Thus, the seedlings in trays 1, 2,
and 3 were treated three times within a month,
4, 5, 6 — six times within two months, and 7, 8,
9 - nine times within three months.

After the end of the growing season, a part
of the middle seedlings in each variant (control
batch) was selected from the grown oak seed-
lings, laboratory measurements of biometric
parameters (height of the aerial part, length of
the root system and total length of seedlings)
and the yield of standard seedlings were carried
out. For an objective assessment of the effec-
tiveness of growth stimulants during the cul-
tivation of common oak seedlings, the average
values of the control (without treatments) were
addressed. They were used to compare all the
indicators of the experimental seedlings. Exper-
imental plant research complied with national
and international guidelines. The standards of
the Convention on Biological Diversity (1992)
were used in the study. The data obtained were
processed using the methods of variation sta-
tistics using the MS Excel software package.

Results and Discussion

Theresults of studies on the effect of plant growth
regulators on the growth characteristics of com-
mon oak seedlings are presented in Table 1.

Table 1. Average biometric parameters of Quercus robur seedlings

. Helght of the Deviations | Length of the | Deviations Overall Deviations
Experiment aerial part of length of
variants the seedlings from root system of from seedlings from
em | control, % | seedlings, cm | control, % cm > | control, %
Vermibiomag NPK 0.1 ml/m?, Ecostim-1 0.01 ml/m? + micronutrients 0.02 ml/m?
Container
No. 1 (triple 15.4 +20 27.2 +14 42.6 +16
processing)
Container
No. 4 (six times 14.2 +11 23.1 -3 37.3 +2
processing)
Container No. 7
(nine times 14.2 +11 23.9 +0.1 38.1 +4
processing)
Vermibiomag NPK 0.2 ml/m?, Ecostim-1 0.02 ml/m? + micronutrients 0.04 ml/m?
Container
No. 2 (triple 13.0 +2 34.1 +43 47.2 +29
processing)
Container
No. 5 (six times 13.3 +4 21.9 -8 35.2 -4
processing)
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Table 1, Continued

. Helght of the Deviations | Length of the | Deviations Overall Deviations
Experiment aerial part of length of
variants the seedlings from root system of from seedlings from
em gs, control, % | seedlings,cm | control, % cm 8s, control, %
Container No. 8
(nine times 14.0 +9 24.0 +1 38.0 +4
processing)

Vermibiomag NPK 0.3 ml/m?, Ecostim-1 0.03 ml/m? + micronutrients 0.06 ml/m?

Container No. 3
(triple 12.5 -2
processing)

26.1 +10 38.6 +5

Container No. 6
(six times 14.1 +10
processing)

20.4 -14 34.5 -6

Container No. 9
(nine times 16.2 +27
processing)

20.5 -14 36.7 +0.1

Control 12.8 -

23.8 - 36.6 -

Source: compiled by the authors

The average height of the seedlings ranged
from 14.2 cm to 15.4 cm under the treat-
ment with Vermibiomag 0.1 ml/m?, Ecostim-1
0.01 ml/m? + microelements 0.02 ml/m?, the
length of the root system — from 23.1 cm to
27.2 cm, the total length - from 37.3 cm to
42.6 cm (Fig. 2). The best result of the applica-
tion of the preparations was recorded at three

treatments within 1 month (container 1). No-
tably, the seedlings from container 1 outper-
formed the control for all biometric parameters,
while the six-fold (container 4) and nine-fold
treatments (container 7. The growth of only the
aerial part of the seedlings was stimulated, and
the length of the root system was the same as
in the control.

cm 42.6
38.1
328 373 366 Height of the aerial
’ part of the plant, cm
35.0 27.2 3.9 229
30.0 - 231 : ) Length of the plant
Vo y | y |
25.0 15.4 root system, cm
15.0 Total plant length, cm
10.0
5.0
0.0 Triple processing Six times Nine times Control
(within one processing processing Processing options
month) (within two (within three
months) months)

Figure 2. Average biometric parameters of seedlings when treated
with Vermibiomag NPK 0.1 ml/m?, Ecostim-1 0.01 ml/m? + microelements 0.02 ml/m?

Source: compiled by the authors
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In general, the seedlings grown under
such conditions exceeded the control by 20%
in height, by 14% in root length, and by 16%
in total length, respectively. All experimental
variants significantly exceed the control both in
height and length of the root system. A signif-
icant improvement in the overall condition of
the plants, including an increase in leaf num-
ber and viability, was noted. The use of growth
stimulants also contributed to a more uniform
development of seedlings and increased their
resistance to stressful conditions.

The average height of seedlings treated
with Vermibiomag NPK 0.2 ml/m?, Ecostim-1

0.02 ml/m? + microelements 0.04 ml/m? ranged
from 13.0 cm to 14.0 cm, the length of the root
system from 21.9 ¢cm to 34.1 cm, and the total
plant length from 35.2 cm to 47.2 cm (Fig. 3).
At this concentration, three treatments within
1 month (container 2) are optimal, and at six
treatments within 2 months, the total length
of the seedling was less than the control (con-
tainer 5). The study also noted that more
frequent cultivation led to inhibition of root
growth and a decrease in the overall viability
of seedlings. This indicates the need for care-
ful selection of processing modes to achieve
optimal results.

cm
47.2

50.0
45.0 38.0
40.0 ﬂ 35.2 368 = Height of the aerial part
35.0 of the plant, cm
328 219 24.0 23_8 Length of the plant root
0.0 B 14l system, cm
15'0 130 13.3 - 12.8 Total plant length, cm
10.0

5.0

0.0 ! . . L

Triple processing Six times Nine times Control
(within one processing processing Processing options
month) (within two (within three 9op
months) months)

Figure 3. Average biometric parameters of seedlings when treated
with Vermibiomag NPK 0.2 ml/m?, Ecostim-1 0.02 ml/m? + microelements 0.04 ml/m?

Source: compiled by the authors

The tested preparations had a positive ef-
fect on the growth performance of common oak
seedlings. In general, the seedlings grown under
the three-treatment method outperformed the
control by 9% in height, 43% in root length, and
29% in total length, respectively. The biometric
parameters of seedlings do not fully character-
ise their quality, since the viability of plants de-
pends on the size of the assimilation apparatus.
In the experimental variants using concentra-
tions of Vermibiomag NPK 0.2 ml/m?, Ecostim-1

0.02 ml/m? + microelements 0.04 ml/m?
a significantly better condition of plants was
observed during the cultivation of oak seedlings
with the use of three times fertilisation (Fig. 4).

The average height of the seedlings under
the treatment with Vermibiomag NPK 0.3 ml/m?,
Ecostim-1 0.03 ml/m? + microelements 0.06 ml/
m? ranged from 12.5 cm to 16.2 cm, the length
of the root system from 20.4 cm to 26.1 c¢m,
the total length of the plant from 34.5 cm to
38.6 cm (Fig. 5).
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Figure 4. The general appearance of seedlings in variants treated
with Vermibiomag NPK 0.2 ml/m?, Ecostim-1 0.02 ml/m? + microelements 0.04 ml/m?

Source: authors’ photo

cm

400 38.6 345 36.7 36.6
35.0
30,0 m Height of the aerial
: 23.8 part of the plant, cm
250 204 20.9 = Length of the plant
20.0 16. 12 root system, cm
15.0 - Total plant length, cm
10.0
5.0
0.0 . o L
Triple Six times Nine times Control
processing processing processing Processing options
(within one (within two (within three
month) months) months)

Figure 5. Average biometric parameters of seedlings when treated
with Vermibiomag NPK 0.3 ml/m?, Ecostim-1 0.03 ml/m? + microelements 0.06 ml/m?

Source: authors’ photo

In general, at this concentration, with
nine treatments over 3 months, the height of
the aboveground part exceeded the control by
27%, but the length of the root system was 14%
shorter than the control (container 9).

The average total length of common oak
seedlings is close to the control at different

concentrations at six- and nine-times treat-
ment, the best results were observed in all
variants at three times treatment with Ver-
mibiomag NPK, Ecostim-1 with the addition
of microelements. Seedlings from container 2
(43%) significantly outperformed the control
in terms of root length, and seedlings from
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containers 6 and 1 in terms of height (27% and
20%, respectively), but were significantly infe-
rior to the control in terms of root length were
seedlings from containers 6 and 9 (14%).

At the chosen concentrations, plant growth
stimulants activated the growth of roots to a
greater extent than the aerial part of seedlings,
and according to the studies of O. Danylenko et
al. (2021), M. Rumiantsev et al. (2022), plant
growth regulators contribute to a more inten-
sive increase in the mass of the aerial part and
roots than in the height and diameter of the
root collar of oak seedlings with a closed root
system. S. Bhatla (2018) noted that plants re-
spond to external stimuli, and feel changes in
the environment, in particular temperature
(Neill et al., 2019). S. Fahad et al. (2016) noted
the effectiveness of the use of growth stimu-
lants at high temperatures, which affect plant
morphology by reducing leaf area, aboveground
and underground biomass, photosynthesis, and
water use efficiency.

L.K. Abbott et al. (2018) believe that stim-
ulants regulate many plant development pro-
cesses, such as accelerating or delaying seed
germination, stimulating or inhibiting shoot
growth, inducing flowering and fruiting, etc.
W. Rademacher (2015) studied plant growth
regulators, which are important tools in modern
agriculture that allow for controlling and opti-
mising plant growth and development. They
are used to improve product quality, increase
yields and plant resistance to stressful condi-
tions. Growth regulators can achieve sustaina-
ble results in the production of plant products.
According to the research of several authors
(Colla et al., 2017; Paradikovic et al., 2019), bi-
ostimulants increase the energy of seed ger-
mination, stimulate vegetation, improve the
absorption and distribution of nutrients in the
plant, increase the antioxidant capacity of plant
tissues, increase resistance to stress factors and
plant yields, and promote the rigosis of rooted

cuttings during vegetative propagation. A. Pin-
chuk & Yu. Kosenko (2015) proved that the use
of growth stimulants promotes the rooting of
lignified cuttings of ornamental deciduous spe-
cies, which significantly increases their survival
rate and development speed. These products
stimulate the formation of root hairs, improv-
ing the absorption of nutrients and water from
the soil. The use of growth stimulants can help
to achieve faster rooting and improve the over-
all quality of ornamental plants.

Thus, feeding seedlings with plant growth
regulators increases their resistance and con-
tributes to an increase in their biometric pa-
rameters compared to the control. However, it
should be noted that the stimulation of seed-
ling growth due to the influence of growth reg-
ulators sometimes occurs only after a certain
period of general inhibition, and the most no-
ticeable effect of the stimulator is observed 2-3
years after its application.

The use of growth regulators in forestry
practice is driven by the decline in the produc-
tion of high-quality nursery stock. This decline
is attributed to signs of soil depletion and a
progressive decline in fertility caused by long-
term chemical exposure to the soil. This is es-
pecially true in cases of using increased doses
of herbicides, which have proven to be harmful
to soil biocenosis. This conclusion was reached
by Yu. Taranenko (2012) and M. Savushchyk et
al. (2020).

The use of plant growth stimulants has
become a fairly common practice in the forest-
ry sector of Ukraine when growing coniferous
seedlings. This practice has been going on for
about 20 years and covers different regions of
the country, which is confirmed by numerous
publications, such as V.A. Veshchytsky (2006)
originating from Ukraine. Studies by V. Hudy-
ma et al. (2014) determined a significant effect
of growth stimulants on germination energy,
seed germination, survival rate and biometric
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parameters of coniferous tree seedlings up to
three years of age, compared to the control with-
out growth stimulant treatment. V.V. Siryk et
al. (2006) found that after treatment of Scots
pine seeds with Emistim C, germination energy
increased by 30-50%, and after treatment with
Triman-1, germination increased by 5-37%.

O. Danylenko et al. (2021) proved that
the most effective variants for the pre-sowing
treatment of oak acorns were those in which
Agrostimulin, Charcor, and Triman-1 were
used. The greatest positive effect on biometric
parameters and weight of one-year-old con-
tainerized seedlings during cultivation was
noted in the variants where Megafol and Radi-
farm were used. The conducted studies evaluat-
ed the results of the use of plant growth stimu-
lants in the cultivation of seedlings of common
oak with a closed root system in open ground
conditions, as well as for reforestation and
afforestation. According to M. Rumiantsev et
al. (2022), three times feeding of annual oak
seedlings with a closed root system using plant
growth stimulants Aminostim, Stovit TURBO,
Radifarm plus, Megafol had a positive effect on
their biometric parameters and general condi-
tion compared to the control (seedlings grown
without the use of stimulants), which corre-
sponds to the results of the current experi-
ment using Vermibiomag NPK and Ecostim-1.

Therefore, to evaluate the effectiveness
of growth stimulants in the cultivation of
common oak seedlings, a series of experi-
ments with different doses and frequency
of treatments was conducted. The results
showed that the most effective treatments
were three times within a month, which con-
tributed to a significant increase in the biom-
etric parameters of seedlings compared to the
control. The use of growth stimulants proved
to be a promising tool for improving the qual-
ity of planting material in the conditions of
the Bukovyna Sub-Carpathian region.

Conclusions

The study was conducted to improve the
methods of growing oak seedlings with a
closed root system using growth stimulants
of different concentrations at different culti-
vation rates and to study their effectiveness.
A positive effect on the height of annual oak
seedlings during cultivation with a closed
root system (six and nine times feeding of
seedlings with plant growth stimulants dur-
ing the growing season) was noted in all
experimental variants. The results of the
research show that almost all experimental
variants prevailed over the control of the
length of the aerial part of seedlings, but
the effect of stimulants on the length of the
root system was less effective in the variants
of Vermibiomag NPK 0.1 ml/m?, Ecostim-1
0.01 ml/m? + microelements 0.02 ml/m? and
Vermibiomag NPK 0.2 ml/m? Ecostim-1
0.02 ml/m? + microelements 0.04 ml/m?
at six times of treatment, and concen-
trations of Vermibiomag NPK 0.3 ml/m?,
Ecostim-1 0.03 ml/m? + microelements
0.06 ml/m?-atsixandninetimesoftreatment.
According to the results obtained, the use of
Vermibiomag NPK and Ecostim-1 with treat-
ment doses of Vermibiomag NPK 0.2 ml/m?,
Ecostim-1 0.02 ml/m? + microelements
0.04 ml/m? respectively, and three times
treatment within a month has a positive ef-
fect on growth processes in the cultivation
of oak seedlings. Thus, the use of physiologi-
cally active substances allows for the regula-
tion of vital processes in the plant organism,
activates its genetic potential and increases
resistance. The results obtained during the
research confirm the feasibility of using the
studied plant growth stimulants for growing
seedlings of common oak with a closed root
system in closed-ground conditions and for
reforestation and forestryin the conditions of
the Bukovyna Sub-Carpathian region region.
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It is worth noting that the most noticeable = material, is a relevant task that requires in-
effect of stimulants is observed several years depth scientific research.
after their application, the study of biological
bases, development of new and improvement
of existing technological parameters of grow-  None.
ing common oak saplings with a closed root
system using growth stimulants, which allows
to obtain high-quality and sustainable planting  None.

Acknowledgements

Conflict of Interest

References

[1] Abbott, L.K., Macdonald, L.M., Wong, M.T.F., Webb, M.]., Jenkins, S.N., & Farrell, M. (2018).
Potential roles of biological amendments for profitable grain production — a review. Agriculture,
Ecosystems & Environment, 256, 34-50. doi: 10.1016/j.agee.2017.12.021.

[2] Benitez, G.I., Duenas, L.A.K., Martinez, M.E., Salazar Leyva, J.A., Carrera, E., & Osuna Ruiz,
I. (2020). Identification and quantification of plant growth regulators and antioxidant
compounds in aqueous extracts of Padina durvillaei and Ulva lactuca. Agronomy, 10(6), article
number 866. doi: 10.3390/agronomy10060866.

[3] Bhatla, S.C. (2018). Plant growth regulators: An overview. In Plant physiology, development and
metabolism (pp. 559-568). Singapore: Springer. doi: 10.1007/978-981-13-2023-1_14.

[4] Bilous, S., Likhanov, A., Boroday, V., Marchuk, Y., Zelena, L., Subin, O., & Bilous, A. (2023).
Antifungal activity and effect of plant-associated bacteria on phenolic synthesis of Quercus
robur L. Plants, 12(6), article number 1352. doi: 10.3390/plants12061352.

[5] Boyko, H., Puzrina, N., Bondar, A., & Hryb, V. (2021). The influence of microbial agents
and biological preparations based on them on the biometric indicators of Pinus sylvestris L.
seedlings. Scientific Works of the Forestry Academy of Sciences of Ukraine, 23, 68-78.

[6] Colla, G., Hoagland, L., Ruzzi, M., Cardarelli, M., Bonini, P., Canaguier, R., & Rouphael, Y.
(2017). Biostimulant action of protein hydrolysates: Unraveling their effects on plant
physiology and microbiome. Frontiers in Plant Science, 8. doi: 10.3389/fpls.2017.02202.

[7] Convention on Biological Diversity. (1992. June). Retrived from https://zakon.rada.gov.ua/
laws/show/995_030#Text.

[8] Corsi, S., Ruggeri, G., Zamboni, A., Bhakti, P., Espen, L., Ferrante, A., Noseda, M., Varanini, Z.,
& Scarafoni, A.A. (2022). Bibliometric analysis of the scientific literature on biostimulants.
Agronomy, 12, article number 1257. doi: 10.3390/agronomy12061257.

[9] Danylenko, O.M., Vysotska, N.Yu., Tarnopilskyi, P.B., & Rumiantsev, M.N. (2021). Influence of
plant growth regulators on the growth and weight of english oak seedlings in the South-eastern
Forest-Steppe in Ukraine. Forestry and Forest Melioration, 138, 59-67. doi: 10.33220/1026-

[10] Fahad, S., et al. (2016). Exogenously applied plant growth regulators enhance the morpho-
physiological growth and yield of rice under high temperature. Frontiers in Plant Science, 7,
article number 1250. doi: 10.3389/fpls.2016.01250.

[11] Hudyma, V.M., Sholonkevich, I.M., & Lysenko, M.O. (2014). The effect of the European spruce

seeds treatment by systemic effect chemicals on subsequent growth of its seedlings. Scientific
Bulletin of UNFU, 24(3), 33-37.

Vol. 15, No. 3, 2024 Ukrainian Journal of Forest and Wood Science 92


https://doi.org/10.1016/j.agee.2017.12.021
https://doi.org/10.1016/j.agee.2017.12.021
https://doi.org/10.3390/agronomy10060866
https://doi.org/10.3390/agronomy10060866
https://doi.org/10.1007/978-981-13-2023-1_14
https://doi.org/10.1007/978-981-13-2023-1_14
https://doi.org/10.3390/plants12061352
https://doi.org/10.3390/plants12061352
https://doi.org/10.3389/fpls.2017.02202
https://doi.org/10.3389/fpls.2017.02202
https://doi.org/10.3390/agronomy12061257
https://doi.org/10.3390/agronomy12061257
https://doi.org/10.33220/1026-3365.138.2021.59
https://doi.org/10.33220/1026-3365.138.2021.59
https://doi.org/10.33220/1026-3365.138.2021.59
https://doi.org/10.3389/fpls.2016.01250
https://doi.org/10.3389/fpls.2016.01250
https://nv.nltu.edu.ua/Archive/2014/24_3/33_Gud.pdf
https://nv.nltu.edu.ua/Archive/2014/24_3/33_Gud.pdf

Andrusiak et al.

[12] Lymar, A., & Kholodnyak, O. (2021). Efficiency of the use of growth stimulators in the growing
of watermelons in the conditions of the south of Ukraine. Vegetable and Melon Growing, 69,
99-109. doi: 10.32717/0131-0062-2021-69-99-109.

[13] Neill, E.M., Byrd, M.C.R., Billman, T., Brandizzi, F., & Stapleton, A.E. (2019). Plant growth
regulators interact with elevated temperature to alter heat stress signaling via the Unfolded
Protein Response in maize. Scientific Reports, 9, article number 10392. doi: 10.1038/s41598-
019-46839-9.

[14] Palamarchuk, V.D. (2023). The role of plant growth regulators in the formation of
sunflower hybrids productivity. Agriculture and Forestry, 4(31), 16-29. doi: 10.37128/2707-

[15] Paradikovic, N., Teklic, T., Zeljkovic, S., Lisjak, M., & Spoljarevic, M. (2019) Biostimulants
research in some horticultural plant species. Food and Energy Security, 8(2), article number
€00162. doi: 10.1002/fes3.162.

[16] Pinchuk, A.P., & Kosenko, Yu.I. (2015). The use of growth stimulants to activate the rooting
of lignified cuttings of decorative deciduous shrubs. Scientific Bulletin of the National University
of Life and Environmental Science of Ukraine, 229, 95-100.

[17] Rademacher, W. (2015). Plant growth regulators: Backgrounds and uses in plant production.
Journal of Plant Growth Regulation, 34, 845-872. doi: 10.1007/s00344-015-9541-6.

[18] Raspopina, S., Didenko, M., Belay, Y., Goroshko, V., & Harmash, A. (2022). The influence of
growth stimulants on survival and growth of Pinus sylvestris in forest plantations of the
Slobozhansky Forest Region of Ukraine. Proceedings of the Forestry Academy of Sciences of
Ukraine, 24, 120-128. doi: 10.15421/412210.

[19] Rumiantsev, M.N., Danylenko, O.M., Tarnopilskyi, P.B., Yushchyk, V.S., & Mostepaniuk, A.A.
(2022). Influence of plant growth stimulants on biometric indicators and weight of one-year-
old seedlings of english oak with a closed root system in the south-eastern forest-steppe of
Ukraine. Scientific Bulletin of UNFU, 32(1), 13-19. doi: 10.36930/40320102.

[20] Savushchyk,M.P.,Khromulyak, O.I., Shlonchak, G.A., & Yashchuk, I.V. (2020). Influence of plant
growth regulators on growth of Scots pine seedlings in open ground (in Kyiv Forest Research
Station). Forestry and Forest Melioration, 136, 78-82. doi: 10.33220/1026-3365.136.2020.78.

[21] Siryk, V.V, Veshytskyy, V.A., & Mokrynskyy, V.M. (2006). Influence of some biologically active
substances on growth and development of seedlings of Scots pine. Scientifc Herald of NULES of
Ukraine, 4(5), 1-8.

[22] Taranenko, Yu.M. (2012). The influence of seed origin on the quality of Scots pine planting
material (on the example of SE “Myrhorodske Foresrtry”). Scientific Bulletin of the National
University of Life and Environmental Science of Ukraine, 1(30).

[23] Tkach, V., Rumiantsev, M., Kobets, O., Lukyanets, V., & Musienko, S. (2019). Ukrainian plain
oak forests and their natural regeneration. Forestry Studies, 71, 17-29. doi: 10.2478/fsmu-
2019-0010.

[24] Tkaczyk, M., Szmidla, H., & Sikora, K. (2022). The use of biostimulants containing Ascophyllum
nodosum (L.) Le Jolis algal extract in the cultivation and protection of English oak Quercus
robur L. seedlings in forest nurseries. Sylwan, 166(4), 244-252. doi: 10.26202/sylwan.2022032.

[25] Veshchytsky, V.A., Dulnev, P.G., & Siryk, V.V. (2006). Application problems of plant growth
regulators at cultivation of plan-ting material of wood species. Scientific Reports of NAU, 4(5).

Vol. 15, No. 3, 2024 Ukrainian Journal of Forest and Wood Science 93


https://doi.org/10.32717/0131-0062-2021-69-99-109
https://doi.org/10.32717/0131-0062-2021-69-99-109
https://doi.org/10.1038/s41598-019-46839-9
https://doi.org/10.1038/s41598-019-46839-9
https://doi.org/10.1038/s41598-019-46839-9
https://doi.org/10.37128/2707-5826-2023-4-2
https://doi.org/10.37128/2707-5826-2023-4-2
https://doi.org/10.37128/2707-5826-2023-4-2
https://doi.org/10.1002/fes3.162
https://doi.org/10.1002/fes3.162
http://irb.nubip.edu.ua/cgi-bin/irbis64r_14/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=ECCA&P21DBN=ECCA&S21STN=1&S21REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%9A%D0%BE%D1%81%D0%B5%D0%BD%D0%BA%D0%BE,%20%D0%AE.%20%D0%86.
http://irb.nubip.edu.ua/cgi-bin/irbis64r_14/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=ECCA&P21DBN=ECCA&S21STN=1&S21REF=10&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%9A%D0%BE%D1%81%D0%B5%D0%BD%D0%BA%D0%BE,%20%D0%AE.%20%D0%86.
https://doi.org/10.1007/s00344-015-9541-6
https://doi.org/10.1007/s00344-015-9541-6
http://fasu.nltu.edu.ua/index.php/nplanu/issue/view/27/pdf13
http://fasu.nltu.edu.ua/index.php/nplanu/issue/view/27/pdf13
https://doi.org/10.36930/40320102
https://doi.org/10.36930/40320102
https://doi.org/10.33220/1026-3365.136.2020.78
https://doi.org/10.33220/1026-3365.136.2020.78
https://nd.nubip.edu.ua/2012_1/12ksb.pdf
https://nd.nubip.edu.ua/2012_1/12ksb.pdf
https://doi.org/10.2478/fsmu-2019-0010
https://doi.org/10.2478/fsmu-2019-0010
https://doi.org/10.2478/fsmu-2019-0010
https://doi.org/10.26202/sylwan.2022032
https://doi.org/10.26202/sylwan.2022032

Growth stimulant influence on biometric indicators...

BIumMB cTUMYJISITOPiB POCTY Ha OGiOMeTpUYHiI MOKAa3HUKM CisTHIIIB Jy0a
B yMoBax bykoBuHcbKoro Ilpukapnarra
IOpiit AHpycsak
AcrmripaHT
HaruioHanbHMit yHiBepcuTeT 6iopecypciB i MpMUpoOmOKOPUCTYBaHHS YKpaiHu
03041, Byn. TepoiB O6opoun, 15, m. KuiB, Vkpaina
https://orcid.org/0000-0005-2715-3103
Cepriit CeHOOHIiH
Kanpupar cimbCbKOroCcnofapcbkux HayK, JOLEHT
HarionanpHuMit yHiBepcuTeT 6iopecypciB i IpUPOIOKOPUCTYBaHHS YKpaiHu
03041, Bysn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina
https://orcid.org/0000-0003-3825-2695
Harasnis ITy3spina
Kanpupat cimbCbKOroCofapcbkux HayK, JOLEHT
HauioHanpHuit yHiBepcuTeT 6iopecypciB i MpUPOLOKOPUCTYBaHHS YKpaiHu
03041, Byn. TepoiB O6opouu, 15, M. Kuis, Ykpaina
https://orcid.org/0000-0003-1645-7489
Onekciit Bojiko
KaHugumat cibCbKOroCIogapchbKMUx HayK
HarioHanbHMiT yHiBepcUTeT 6iopecypciB i MpUPOmOKOPUCTYBaHHS YKRpaiHu
03041, Byn. TepoiB O6opouu, 15, M. Kuis, Ykpaina
https://orcid.org/0009-0006-1802-1928
Tanna Boriko
Kangmmar ciibCbKOroCromapcbkmx HayK, JOIEHT
HarionanbHMiT yHiBepcuTeT 6iopecypciB i MPUPOTOKOPUCTYBAHHS YRpaiHu
03041, Byn. T'epoiB O6opounu, 15, m. Kuis, Vkpaina
https://orcid.org/0000-0001-7472-7972

AHoTanisg. BUKOPUCTAHHS CTUMYJISTOPIB POCTY IJiS BMPOILIYBAaHHS CisIHIIIB my6a B yMOBax
BykoBuHCcbKOrO IlepemkapraTTsi JO3BOJISIE TTPUCKOPUTHU iX PO3BMUTOK Ta MiJBUIIUTU CTilKiCTh
y cepefoBuIIi, e IPMPOLHEe MTOHOBJIEHHS JIiCY BifCcyTHe. MeTa NOCTiIKeHHS Nojsrasa B OLiHIL
BIUIMBY CTUMYJ/ISITOPIB POCTY 3a Pi3HOI KpaTHOCTI 06pPO6OK MPOTITrOM BereTaliifHOro mepiomy
Ha OiomeTpuyHi MokasHMKM CigHUiB Quercus robur L. CigHIIi BUpPOIIEHO B KOHTeliHepax
Ecotherm B Teruii 6a3ucHOro po3cagHuka. Ckiaaf, cybcTpaTy [IJis 3allOBHEHHSI KOHTEHEepiB —
CyMilI B piBHMX MPOMOPIiSX TOpdy, MiCKy Ta YOPHO3eMY 3 MiKOPU30I0 3-I1iJi HAMeTy Ty6OBUX
JIepeBoCTaHiB. HaBemeHO pe3yabTaTy BIUIMBY CTMMY/ISITOPIB POCTY Ha GiOMETpUYHi MOKa3HUKU
OMHOPIUHMX CisTHIIIB Ay06a 3BMUYAMHOTO 3 3aKPUTOI0 KOPEHEBOIO cUcTeMOI0. CTUMY/ISITOPU POCTY
POCIVIH BUKOPUCTOBYBAJIM /IS OOTIPUCKYBAHHS i MOMMBY CXO[iB IIiJi UaCc BUPOIIYBAHHS CisHIIIB.
PesynbTaTy JOCTiIKEHHST BKA3YIOTh Ha MO3UTUBHMI BIUIMB 3aCTOCYBaHHS CTMMYJ/ISITOPIB POCTY Ha
cistHIi my6a 3BuuaiiHoro. Yci mocimHi BapiaHTM MMOKasauy MO3UTUBHMIL BIUIMB Ha GioMeTpuYHi
MOKa3HMKY OTHOPIYHUX CiSHIIB Ay6a MpM TPUPA30BOMY, HIECTUPA30BOMY Ta JEB’SITUPA30BOMY
ITiIKVBAEHHI CTUMYJISITOPaMIM POCTY IIPOTSTOM BereTalliiiHOTo mepiony. PisHuiis y BapiaHTax i3
3aCTOCYBAaHHSIM CTUMMYJISTOPIB POCTY POCAMH TOPIBHSIHO 3 KOHTPOJEM 3a BMCOTOK CTAaHOBUTH
o 27 %, 3a IOBXKMHOIO KOpeHeBOi cucteMu — 0o 43 %, Ta 3a 3araJbHOI0 JOBXMHOIO — 40 29 %,
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BiJITOBiZIHO, 3aJIE3KHO BiJT TO3M MMpeIapaTiB Ta KPaTHOCTi 06POOKY ITPOTSITOM BETreTalliifTHOTO CE30HY.
OTpMMaHO YTOUHEHI JaHi o0 6ioMeTpUYHMX MTOKA3HMKIB OMHOPIUHMX CisTHIIiB Ay6a 3BMUaiiHOTO
3 3aKpPUTOI0 KOPEHEBOIO CHCTEMOIO, BMPOIIEHMX B YMOBAax 3aKpMUTOTO IpyHTy. OTpuMaHi maHi
KOPMCHI J1s1 BiTHOBJIEHHSI JTiCiB y perioHax 3 MomKoKeHMMM ab0 AerpaoBaHMM €KOCUCTEMaMMU,
[le TIPMPOIHE TTOHOBJIEHHS € 0OMEKEHUM

Krouosi csioBa: caiBHMII MaTepiast; BUCOTA CisSTHIIIB; JOBKMHA KOPEHEBOi CYCTEMM ; ITi IKMBIEHHST
CistHIIiB; 06pOBITOK
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