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Abstract. Reforestation and increasing the productivity of oak stands are important tasks in forestry.
The purpose of this study was to evaluate the impact of pre-sowing storage methods for common oak
acorns and various propagation techniques on the biometric characteristics of common oak seedlings
cultivated in forest stands. Indicators such as the height of the aboveground part, total and root weight,
and the root collar diameter were evaluated. Special attention was paid to the influence of various
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methods of growing seedlings (container-grown stock, bare-root stock, and direct dibbling of acorns)
on their physiological state. Analysis of the distribution of seedlings by condition categories (healthy,
damaged, dead) established the best combinations of storage and cultivation. The results of the study
showed that the method of storing acorns in trenches was the most effective, ensuring a high survival
rate and the best biometric indicators of seedlings. Trench storage of acorns proved superior: container-
grown seedlings (CGS) reached a height of 31.1-33.2 cm and a root mass of 8.8-10.8 g. When stratified
in sand, the height was 31.2-31.4 cm. Storage in water showed the worst results: the height of CGS
seedlings was 21.3-24.2 cm and root mass only 4.2-6.1 g. The proportion of healthy plants with the
trench method was the highest (78-84%), while the maximum number of dead plants was recorded in
sand (26-28%).The development of first-to third-order lateral roots and the taproot directly affected the
survival and retention of the stands. Seedlings with CGS planted on a forest site and seedlings grown by
dibbling acorns have more developed root systems. The obtained data are of practical importance for

developing recommendations for improving the quality of common oak planting material

Keywords: Quercus robur; seedling height; root system; planting material; container-grown system

Introduction

Preserving the sowing quality of common oak
(Quercus robur L.) acorns over winter is an im-
portant prerequisite for successful cultivation of
high-quality planting material and effective re-
production of oak stands. Under climate change,
with fluctuations in temperature and humidity, the
search for optimal seed-storage methods becomes
particularly relevant. The choice of storage method
depends on the germination rate of the acorns and
the growth intensity of the future stands. In this
regard, the study of the influence of various meth-
ods of pre-sowing storage of acorns on the biome-
tric indicators of common oak seedlings is of both
scientific and practical importance for improv-
ing the effectiveness of reforestation measures.

The challenge of restoring oak (Quercus ro-
bur L.) forests becomes particularly acute in the
context of global climate change, as confirmed
by R.Vasylyshyn et al. (2023). An important stage
of reproduction is the preservation of the genetic
potential of seeds, since the physiological state of
acorns after wintering directly correlates with the
quality of future planting material. Overwintering
common oak acorns must maintain their sowing
quality until spring sowing. This avoids inflated
seeding rates, improves germination, and pre-
vents wasteful use of seed.

The development of seedlings’ biometric in-
dicators is crucial for the future accumulation of
biomass by oak stands and their delivery of eco-
system functions. After high-quality common oak
seed has been harvested, one of the main tasks is
to preserve its germination capacity and quality
before sowing. In forestry practice,acorns are most
often stored in pits or trenches, less often in cel-
lars or in running water. As technology advances,
cold-storage rooms with controlled temperature
and humidity are also used. The disadvantage of
the latter is their cost and storage expenses. Ac-
cording to M. Aniszewska et al. (2020) and M. Ko-
rmanek et al. (2025), scarification and mechanical
treatment of acorns before sowing after storage
significantly improves the biometric parameters
of seedlings, in particular, increases the total root
length and the number of lateral roots, which is
critical for the survival of the stands.

Experimental data of R. Yavorovskyi et
al.(2023) also confirm that seedlings grown from
acorns stored in sand-filled trenches show bet-
ter subsequent growth. The study by O. Kranjec et
al. (2022) and E. Kalemba et al. (2021) reported
the possibility of applying thermotherapy (heat
treatment of acorns) prior to storage, which had
a positive effect on seedling height during the
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early stages of growth. However, storage condi-
tions (in particular, temperatures from -1 to +3°C)
affected the shape of the trunk and in some cas-
es caused bifurcation. Storage at +3°C contrib-
uted to the development of fungi of the genus
Penicillium sp., which reduced the germination
energy. Seedlings grown from such acorns had
less biomass. Thermotherapy proved effective, re-
ducing the infection load and improving seedling
survival. Yu. Andrusiak et al. (2024) in their stud-
ies treated common oak seedlings with growth
stimulants Vernobiomag NPK and EcoStim-1 in
different concentrations, which also gave positive
results in seedling growth with the same storage
of acorns compared to the control (without treat-
ment). O. Danylenko (2024) reported that surviv-
al rates of container-grown (CGS) stands exceed
those of bare-root (BRS) stands, a finding also
confirmed in this study. The advantages of using
container planting material of common oak in the
creation of forest stands were also considered by
PB. Tarnopilsky et al. (2019), who analysed the
growth, development of crowns and closing of
Quercus robur L. plantings created using different
types of planting material.

The purpose of the study was to analyse
and compare the growth parameters of seed-
lings on silvicultural sites established either by
direct acorn dibbling into the planting area, or
after nursery cultivation under different produc-
tion technologies of planting material derived
from acorns collected in stands of plus trees and

high-quality normal trees, following storage us-
ing three methods: trench storage, storage in run-
ning water, and sand stratification in a cellar.

Materials and Methods

Field studies were conducted in the Bukovinian
Pre-Carpathians at the State Enterprise “Hert-
saivske State Special Forestry Enterprise of the
Agro-Industrial Complex” (Chernivtsi Oblast,
Ukraine). The material was collected in the fall of
2020 under the canopy of ripe high-quality oak
stands. 2,000 acorns of common oak were col-
lected from normal trees and 2,000 acorns from
plus trees Q. robur (trees with improved hereditary
traits). From these, 1,000 acorns of uniform size
were selected and sorted using a vernier caliper,
with possible deviations of £0.1 ¢cm in diameter
and *0.5 cm in length. Acorns were divided into
three batches (333 acorns each): the first was
stored in a trench using the conventional meth-
od, the second was stratified in the basement in
sand, maintaining its moisture at 60-65% of full
water-holding capacity (FWHC) at a temperature
of +5°C, the third in running water.

In the following year (2021), for compari-
son of seedling growth parameters, acorns from
each batch were first planted in a nursery to ob-
tain bare-root seedlings (BRS) and in containers
to obtain container-grown seedlings (CGS), and
were then transplanted to the silvicultural site.
In addition, acorns from each batch were directly
dibble-planted on the silvicultural site (Fig. 1).

Figure 1. Cultivation of common oak seedlings
Note: a - dibbling of acorns on a forest site; b — using the BRS in the nursery; ¢ - using the CGS

Source: photo by the authors
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To assess how the growth and development
of young oak depend on the acorn storage meth-
od and the type of planting material, 18 test plots
were established on hilly terrain in fresh and moist
hornbeam-oak forest types with grey forest loamy
soils, each plot 0.5 ha in area. The climate of the
areawhere the state special forestry enterprise was
located is temperate continental, with an average
annual air temperature of +8.2°C and an average
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annual precipitation of about 900 mm. Partial soil
preparation was applied during the establishment
of the stands. When planting seedlings of com-
mon oak using both CGS and BRS, the following
spacing arrangements were applied: inter-row
spacing - 5 m and intra-row spacing - 1.25 m
(Fig. 2), whereas for direct acorn dibbling, the in-
ter-row spacing - 6 m and the spacing between
planting spots within the row - 0.5 m (Fig. 1a).

Figure 2. Afforested area planted with seedlings

Note: a - BRS,b - CGS
Source: photo by the authors

At the end of the growing season, seed-
lings were sampled evenly across each test plot
along transects, using the diagonal method,
on all 18 stand variants. For each variant, 30
standard seedlings were excavated. According to
DSTU 9234:2023 (2023), the height of a stand-
ard common oak seedling should exceed 15 cm,
and the root collar diameter should be at least
4 mm. Simultaneously, the length of the root sys-
tem in conditions of sufficient moisture should
be at least 15 cm, insufficient moisture - 20 cm,
and excessive - 10 cm. For seedlings with CGS,
the height of the aboveground part was 20 cm
or more (DSTU 9248:2023, 2023). The excavated
seedlings were cleaned of soil, the roots were
washed, dried to an air-dry state, and laborato-
ry measurements were carried out. Aboveground
height was measured with a tape measure, the
root collar diameter with a caliper, and the air-
dry mass of the aboveground part and the root
system with electronic scales.

After measuring the biometric parameters
of the seedlings, comparisons were made within
each experiment based on plant height, stem di-
ameter at the root collar, aboveground biomass,
and root mass to determine the most effective
method for establishing forest stands on silvi-
cultural sites. In addition, seedlings were record-
ed at all experimental sites, dividing them into
categories of condition (healthy, damaged, dead).
The resulting data was entered in tables and pro-
cessed using the MS Excel software suite, where
diagrams of the results obtained were built.

Results and Discussion
The production of high-quality planting material
for forest regeneration under current conditions
requires the use of high-quality seed of appro-
priate provenance while maintaining its viabil-
ity. The study used various methods of storing
acorns and growing common oak seedlings. The
main criteria for seed quality are its germination
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capacity, germination energy, and purity. Un-
doubtedly, the quality of seeds is affected by
factors such as temperature and humidity dur-
ing their development (especially precipitation
in summer) (Debryniuk et al, 2016). Due to the
influence of changing environmental conditions,
physiological and biochemical processes in the
plant follow a rhythmic pattern, determined by
the gradual growth and accumulation of organic
matter (Bilous, 2009). When the accumulation of
organic substances reaches its maximum, seeds

develop most intensively (Terek & Patsula, 2011).
Seeds that ripen in cold and rainy summers, with
the highest amount of precipitation in June-Au-
gust, and the minimum sum of average tempera-
tures, have the lowest mass (Gerushinsky, 1996;
Gordienko et al, 1999). The amount of heat and
solar radiation received by the plant is crucial.
Biometric indicators of one-year-old com-
mon oak seedlings grown from acorns collected
in high-quality normal plantings under different
winter storage conditions are shown in Table 1.

Table 1. Biometric indicators of one-year-old seedlings of common oak grown
from acorns collected in high-quality plantings from normal trees with various storage conditions

Pre-sowing storage Height Mgisosn:\ : stg?natl:‘c;v:igrfgtlnd Mass of the root system | Root collar
of acorns of the plant, cm state, g y in the air-dry state, g diameter, mm
With container-grown root system
In trenches 31.1+4.7 41+1.7 8.8+0.5 7.6+1.2
In running water 24224 3.1+£1.1 42+23 3.2+2.3
In the cellar in sand 31.4+3.8 3.7x2.4 6.9+2.1 3.5%1.6
With bare-root system
In trenches 30.1+£2.3 3.8x1.4 2.8+1.3 46+2.3
In running water 24.2+6.5 21+£1.0 1.9+0.6 2.2+0.5
In the cellar in sand 29.8+3.6 29+1.8 2.6+1.2 3.5+2.1
With dibble planting method
In trenches 27.5+3.1 3.9+20 3721 4.5+1.3
In running water 22.2+59 2.4+0.9 2.1+0.9 2.0+0.6
In the cellar in sand 28.6+5.4 2715 3.4+13 3.610.9

Source: compiled by the authors

As can be seen from the table, when storing
acorns in trenches, seedlings grown with CGS
had the greatest height (31.1 c¢m), aboveground
biomass (4.1 g), and air-dry root mass (8.8 g).
Storage in running water had the lowest results
in all indicators. Regardless of the cultivation
method, these seedlings had the lowest height,
aboveground biomass, and root mass. For storage
in a cellar in the sand, the results were average,
but in some cases close to the method of storage
in trenches, in particular, CGS seedlings stored in
the sand had a height of 31.4 cm, which was the
highest among all variants.

Seedlings grown with CGS had the greatest
height, aboveground biomass, and root mass,
especially when acorns were stored in trenches.

Growing seedlings with BRS and acorn dibbling
gave less pronounced results, while the seedlings
had approximately the same biometric indicators,
although in some cases the method of acorn dib-
bling had slightly better indicators (Fig. 3). The
height distribution diagram of the aboveground
part of one-year-old common oak seedlings in
Figure 3 shows a clear dependence on the meth-
od of storing acorns and the method of growing
seedlings. The highest height was reached by
seedlings grown from acorns stored in a cellar in
the sand and grown with CGS - 31.4 cm, although
seedlings grown from acorns stored in a trench
were not inferior in height - 31.1 cm.These meth-
ods provided optimal conditions for preserving
acorns in winter, which positively affected the
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further growth of seedlings. Seedlings grown from
acorns stored in running water had the lowest
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average height of all growing methods, indicat-
ing that this storage method is the least effective.

314 29.8 28.6

With container-grown

system

With bare-root system
m With dibble planting

of acorns

In the cellar in sand

Figure 3. Height of one-year-old seedlings of common oak
(from acorns collected from high-quality normal plantings)
with different methods of storing and growing planting material, cm

Source: compiled by the authors

Table 2 contains data on biometric indica-
tors of one-year-old seedlings of common oak.
The method of storage in trenches proved to be
the most effective. Analysis of experimental data

showed that trench storage of seeds provided in-
tensive development of plants with CGS, which
reach a height of 33.2 cm and have a well-devel-
oped root system weighing 10.8 g.

Table 2. Biometric indicators of one-year-old seedlings of common oak grown

from acorns collected from plus trees with different storage conditions

Pre-sowing storage Height Mgisosr: ; ::?nat?&vzigrtg:md Mass of the root system | Root collar
of acorns of the plant, cm state, g y in the air-dry state, g diameter, mm
With container-grown root system
In the trench 33.2x4.6 50%3.3 10.8+£2.5 8.4+23
In running water 21.3+3.6 3.2+0.9 6.1+1.8 3.3+1.9
In the cellar in sand 31.2+2.3 44+28 9.4+4.1 6.5+1.8
With bare-root system
In the trench 32134 4.0+£2.3 3.3£1.1 3.9+1.0
In running water 22.2+1.5 2.5%1.3 2.0+0.2 3.4+0.9
In the cellar in sand 30.8+2.7 24+0.6 3.3+0.9 41x1.7
With dibble planting method
In the trench 28.1+4.7 3.1+0.6 3.8+2.0 43+1.2
In running water 20.3+x24 22+19 2.3+0.9 2.5+0.6
In the cellar in sand 29.8+3.8 3.4+1.7 29+1.5 3.8+1.3

Source: compiled by the authors

The use of running water significantly sup-
pressed the growth of seedlings, as evidenced
by the lowest root collar diameter (3.3 mm) and
a reduction in root mass by almost half com-
pared to other methods. This indicates not only

a slowdown in linear growth, but also a violation
of the balance between the development of the
aboveground and underground parts of the plant.
Under such conditions, seedlings form a less de-
veloped supporting and absorbing root system,
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which can reduce their stability after planting
out. It is particularly significant that even growing
with CGS does not compensate for the negative
impact of storing acorns in running water, since
the indicators of such seedlings remain lower
compared to trench storage and stratification in

sand. Thus, the method of pre-sowing storage is
the primary factor that determines the further
growth potential of planting material. Stratifi-
cation in sand produced an intermediate height
(31.2 cm) but was inferior to the trench method in
total aboveground biomass accumulation (Fig. 4).

Figure 4. One-year-old plants (seedlings) of common oak planted on silvicultural sites
(grown using the trench method of storing acorns with CGS)

Source: photo by the authors

The results of stratification in sand indicate
the relative stability of this method: in most in-
dicators, it approaches trench storage, but does
not provide the same level of development of
the root system and the diameter of the root col-
lar. It is the combination of a larger root weight
and a larger root collar diameter in the trench
storage variant that gives grounds to consider it
as the most promising for obtaining physiolog-
ically sound seedlings with a higher potential
survival rate. Storage in running water proved
to be the least effective method. The height of
seedlings grown from acorns stored in this way
was significantly lower compared to other stor-
age methods. Comparative analysis of methods
of pre-sowing treatment of acorns, conducted by
P.P. Yavorovskyi et al. (2022), showed the supe-
riority of the conventional trench method over
others. It was found that the share of conditioned
planting material with this approach is almost
twice as high as the results of storage in sand,

where only 43-44% of high-quality seedlings
were recorded. In addition to low productivity,
the sandy substrate in the cellar leads to an in-
crease in plant death by up to 26%, while the
trench and running-water methods yield 87-90%
standard planting stock.

Analysis of the height of one-year-old seed-
lings demonstrates a clear advantage of CGS
cultivation over conventional methods, which is
explained by the better preservation of the phys-
iological integrity of the roots during growth.
The highest growth rates with the trench storage
method indicate the creation of optimal condi-
tions for the development of the aboveground
part. In addition, the lag in growth of seedlings
obtained after storing acorns in running water in-
dicates leaching of nutrients or partial hypoxia of
the embryo, which further reduces the growth en-
ergy even if container technologies are used. Thus,
the method of storing acorns is a key factor in
the development of biometric parameters (Fig. 5).
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Figure 5. Height of one-year-old seedlings of common oak, grown from acorns collected
from plus trees according to different methods of storage and types of cultivation, cm

Source: compiled by the authors

Comparative analysis of the diagram indi-
cates that it is most physiologically favourable
with a maximum seedling height (33.2 cm) and
a well-developed root system weighing 10.8 g.
This indicates not only the active development
of the aboveground part, but also the balanced
formation of the root system, which is an impor-
tant indicator of the quality of planting materi-
al. The advantage of the trench method can be
traced for all cultivation options, but it is most
clearly manifested in seedlings with CGS, where
high values of height, root collar diameter, and
root mass were combined. This may indicate that
the stable temperature regime of the trench has
the best effect on the acorn embryo. However,
storage in running water produces a consistent
lag in height regardless of the growing method,
which indicates a systemic negative impact of
this method even at the stage of seed material

preservation. Even container cultivation, which
generally provides better conditions for plant de-
velopment, does not eliminate the consequenc-
es of such pre-sowing storage. Special attention
should be paid to stratification in sand: in terms
of seedling height, this method was close to
trench, especially in variants with CGS and BRS.
However, lower root mass and root collar diam-
eter compared with trench storage indicate that
the growth of the aboveground part is not always
accompanied by the same level of development
of the underground part.

Table 3 shows the distribution of one-year-
old seedlings of common oak in three categories
of condition: healthy, damaged, and dead, de-
pending on three methods of pre-sowing storage
of acorns (trench, in running water, in a cellar in
the sand) and their origin (from plus trees and
from high-quality normal plantings).

Table 3. Distribution of common oak seedlings by condition categories, %

Pre-sowing storage Healthy Damaged Dead
of acorns P H P H P H
In the trench 78.2+3.9 84.2+4.1 6.4%0.6 6.4+0.5 15.4+0.9 9.4+0.8
In running water 67.3+3.4 73.3+3.6 16.5+0.8 16.5+0.7 16.2+0.7 10.2+0.9
In the cellar in sand 68.4+3.3 70.4+3.4 3.6+0.2 3.6+0.3 28.0+1.5 26.0+1.6

Note: P - acorns collected from plus trees, H — acorns collected from high-quality normal plantings

Source: compiled by the authors

Analysis of the data in Table 3 allows drawing
the following conclusions about the viability of

common oak seedlings. The determining factor in
the condition of seedlings is the method of storing
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acorns, and not their genetic origin. The highest
yield of healthy plants is provided by storage in
trenches (78.2-84.2%), while stratification in sand
leads to a significant increase in the proportion
of dead seedlings by 1.8-2.8 times, compared to
other methods. In all storage variants, seed from
normal plantings outperformed seed from plus
trees. In particular, the proportion of dead seed-
lings from acorns of normal plantings is lower by
6-10%, which indicates their higher adaptive abil-
ity in the early stages of development. Storage in
running water, despite the relatively high pro-
portion of healthy seedlings (67-73%), produces
the largest number of damaged plants (16.5%),
which is 2.5-4.5 times higher than other options.
Data analysis also shows that acorns collected
from high-quality normal plantings show better
germination rates and resistance to adverse en-
vironmental factors. For all storage methods, the
proportion of healthy seedlings grown from these

100

O O
o o
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—
—
—

©
o

95 92 92 89

Survival rate, %
[o¢]
[4;]

N N
o v

CGS BRS

acorns was higher, and the proportion of dead
ones was lower compared to acorns from plus
trees. For example, when stored in trenches, the
proportion of healthy seedlings from high-quality
normal plantings was 84.2 +4.1%, while from plus
trees — 78.2+3.9%. The choice of a specific type
of planting material during artificial reforestation
has an impact on the stability and productivity of
future stands.

In addition to the type of planting materi-
al, growth indicators were an important com-
ponent of assessing its quality. Further study of
the growth of common oak seedlings was carried
out on silvicultural sites. When establishing the
stands, partial tillage was used, and common oak
seedlings from CGS and BRS were planted. Sur-
vival was determined by the ratio of the number
of viable seedlings at the time of their registra-
tion to the initial number of planted plants, ex-
pressed in percent (Fig. 6).

seedlings from acorns
I collected from plus trees
I seedlings from acorns
collected from high-quality

87 84 normal trees

Dibbling

Figure 6. Survival rate of the stands, %
Note: CGS - container-grown system; BRS - bare-root system

Source: compiled by the authors

It was found that the survival rate of seed-
lings with CGS grown from acorns that were col-
lected from plus trees was 95%, for crops that
were created from seedlings grown from acorns
that were collected in high-quality plantings -
92%. For crops created by seedlings with a BRS,
92% and 89%, respectively. Survival rate of stands
established by dibble planting reached only 87%
for oak seedlings grown from acorns of plus trees
and 84% for stands established from seedlings
produced from acorns collected in high-quali-
ty stands. This can be explained by suppression

from herbaceous cover and coppice regrowth of
secondary tree species and shrubs.

In common oak plants created by dibble
planting acorns on a silvicultural site, the es-
tablishment of a taproot and lateral roots of
the first and second orders is observed (Fig. 7).
While in seedlings with CGS planted in a sil-
vicultural site, the plant continues to form a
branched root system and begins to form a tap-
root that could not have formed in the contain-
er. Seedlings grown in a nursery under open-
field conditions had damaged root systems, and
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during the first year on the silvicultural site
the plants restored root-shoot balance through
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development of lateral roots, and only later be-
gan to redevelop a taproot.

Figure 7. Study of root systems of seedlings grown from acorns under different storage methods

Note: a - in the sand; b - in the trench; c - in the water
Source: photo by the authors

Studies of the root systems of common oak
plants have showed that plants established by
acorn dibbling developed a taproot system with
lateral roots predominantly of the first order, ori-
ented vertically towards available soil moisture.
In common oak plants grown with CGS, lateral
roots of the first and third orders predominate.

The average depth of penetration of common
oak roots in the areas of reforestation created
by acorn dibbling was 38.2 # 3.18 cm, and from
seedlings with CGS - 29.2+5.14 cm. In the root
systems of common oak seedlings established by
acorn dibbling, lateral roots of the first to third
orders with predominantly horizontal orientation

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2026. Vol. 22, No. 4
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prevailed. Based on the results of the study by
M. Zadworny et al. (2014), such seedlings have
better access to water during times of water scar-
city. In plants grown from seedlings in open-field
conditions, lateral roots of the first to third orders
predominate. To restore the root-shoot balance,
the lateral roots spread out in a horizontal plane,
maximising the moisture that comes with precip-
itation. Thus, first-order lateral roots and minor
branches of second- and third-order roots were
formed. In the areas of reforestation, seedlings
with CGS revealed an optimally developed root
system, formed mainly in the upper horizons of
the soil, but without the existing taproot. Conse-
quently, the root systems of common oak plants
in silvicultural sites formed by seedlings with
CGS and acorn dibbling are more developed
and vigorous. This is consistent with the data by
G.A. Hoss (2004), who examined the characteris-
tics of oak cultivation with BRSs and described
the technological conditions for producing bare-
root planting stock. What is common to the results
of this study is that the quality of the root system
is determined not only by the biological charac-
teristics of oak, but also by the method of growing
planting material. The study by G.A. Hoss (2004)
focused primarily on the production protocol of
oaks with BRSs, whereas the present study com-
pares multiple afforestation technologies, includ-
ing planting seedlings with CGS, BRS, and direct
acorn dibbling. Therefore, the results obtained
extended the conclusions of G.A. Hoss (2004), as
they showed that CGS and dibbling provide more
powerful root system development in the first
year after crop establishment, whereas seedlings
with BRS need time to restore the root-shoot
balance after transplanting. Similar conclusions
can be traced in the paper by O.S. Ostapchuk &
O.V. Sovakov (2019), who studied the influence of
methods of creating forest stands on the devel-
opment of the root system of common oak in the
conditions of a young hornbeam-oak stand. The
researchers found that the length and nature of
root system development significantly depend
on whether the crops were created by sowing

acorns or planting seedlings. This directly corre-
lates with the results of the current study: when
acorns are dibble planted, the taproot system is
more actively formed in plants, while seedlings
with CGS are dominated by lateral roots of the
first or third orders, formed mainly in the upper
horizons of the soil. Thus, common to both stud-
ies is the conclusion that the method of creating
crops determines not only the intensity of growth,
but also the architecture of the root system.

In addition to various storage conditions for
acorns, the further growth of common oak will
also be affected by the types of cultivation of its
planting material. CGS have several advantages
compared to seedlings grown under open-field
conditions, but they are characterised by higher
production costs. From the results of experimen-
tal studies of O. Danylenko (2024) for growing
seedlings with CGS, the volume of containers
also has an impact. One-year-old saplings with
CGS with a container volume of 1,407 cm3 had a
height of 31.7 cm, and with a container volume
of 510 cm? - 19.5 cm. One-year-old seedlings of
common oak planted with a BRS had a height of
19.6 cm, but already at the end of the second year
of their growth, the height of oak plants with CGS
in both variants exceeded its height when plant-
ed with BRS. V. Lukyanets et al. (2022) reported
that, under traditional trench storage of acorns,
from the fourth year onwards seedlings planted
by dibbling slightly outperformed oak seedlings
from bare-root stock by 1-2%. Oak planted with
a BRS from the age of 5 gave significantly lower
results compared to dibble planting and CGS.

The results obtained for acorn dibbling are
consistent with the findings of M. Lof et al. (2019),
who considered direct oak seeding as a promis-
ing but sensitive method for restoring oak forests.
In this context, the lower survival rate of plants
created by dibble planting compared to seedlings
with CGS can be explained by stronger competi-
tion of grass vegetation and less controlled con-
ditions of initial growth in the silvicultural site.

Consequently, the reproduction of highly pro-
ductive and biologically resilient oak forests is
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one of the priority tasks of contemporary forestry
in Ukraine. The success of reforestation critically
depends on the initial stage of plant ontogene-
sis, where biometric indicators of seedlings play
a key role: the height of the plant, the root collar
diameter and, above all, the development of the
root system. The conducted study convincingly
showed that the morphometric parameters of
one-year-old seedlings of common oak (Quercus
robur L.) were formed under the complex influ-
ence of two main factors: the genetic origin of
seeds and methods of storing acorns during the
dormant period (conditions of harvesting, pro-
cessing, and winter storage). Therefore, the vari-
ous methods of creating forest stands with their
own specifics of storing oak acorns and creating
planting material with different technologies are
not only prerequisites for conventional meth-
ods, but also provide the best growth indicators,
which, in turn, has a positive effect on the survival
rate of crops. The method of seed storage directly
correlates with the architecture of the root sys-
tem of future seedlings.

Conclusions
In the current conditions of climate change, en-
suring high viability and competitiveness of
planting material requires a transition to con-
temporary standards for growing seedlings for
forest reproduction. Based on the conducted re-

Sendonin et al.

of healthy seedlings with high growth potential.
Compared to stratification in sand, storage in
trenches reduced the proportion of dead plants
by 1.8-2.8 times. The best results were shown
by seedlings grown using CGS technology. The
use of a container-grown system results in high-
er height and root collar diameter compared to
open-field production or acorn dibbling, which
can be explained by reduced transplant stress
and better development of a fibrous root system
within a confined substrate volume. Studies have
confirmed that the use of acorns from high-qual-
ity normal plantings provided better adaptive ca-
pacity and growth intensity of one-year-old seed-
lings compared to seeds from plus trees, such
seedlings have 6-10% higher viability for all the
storage methods tested. The experimental data
demonstrate the value of natural methods for im-
proving the growth of common oak.

Further research will focus on the condition
and growth of established forest stands to clarify
the practical application of these methods. These
studies may continue up to the stage of crown
closure, which facilitates, in the long term, the
recommendation of specific applications of the
proposed methods of acorn stratification and
planting material technologies prior to the trans-
fer of the sites to forest-covered areas.
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AHoTauif. [MTaHHS NiCOBIOHOBNEHHA Ta MNiABULLEHHS NPOAYKTMBHOCTI AOyb6OBMX HAcaOXeHb
Ma€ BaXNMBE 3HAYeHHs AN NiCOBOro rocnojapcrea. Meta poboTu nonsirna B OUiHUiI BRAUBY
nepennociBHMX cnocobis 36epiraHHs xonyais Ayb6a 3BMYaNHOrO Ta Pi3HUX TEXHOOTIMA BUPOLLYBAHHS
CaAMBHOrO MaTepiany Ha OiOMETPUYHI MOKa3HWKM CisHUIB Ayba 3BMYAMHOro, AKi BMCAOXKEHi Ha
nicokynbTypHi naowi. OuiHIOBANUCA Taki MOKa3HMKK, SK BMCOTA HaA3E€MHOI YacTMHM, 3aranbHa Ta
KOpeHeBa Maca, a TakKoX fiameTp 6ing kopeHeBoi wwuikn. Ocobnmea yeara npuainanaca BnAMBYy
pi3HMX METOAiB BUPOLLYBAHHS CisHLIB (i3 3aKpMTOIO Ta BiAKPUTOK KOPEHEBOK CUCTEMOID, a TaKOX
METOAOM WMUIYBAHHS) Ha iXHiK disionoriyHuit ctaH. AHanis po3noginy CisHUiB 33 KaTeropisiMu cTaHy
(3mopoBi, MOLIKOAXEHI, 3arnbni) 4,O3BONMB BCTAaHOBUTU KpaLli KoMbiHaLii 36epiraHHs Ta BUPOLLYBaHHS.
Pe3ynbTath focnifxeHHs nokasanu, Wo crnocib 36epiraHHs XONyAiB y TpaHLWesX BUSBUBCS HabinbL
ONTUMaNbHUM, 3a6e3nevyoun BUCOKY TMPUKMBIIOBAHICTb Ta Halkpali 6ioMeTpuuyHi nokasHWKK
cisHuie. [JoBeneHo nepeBary TpaHwWweNHoOro 36epiraHHs XONymiB: CisgHLUi i3 3aKpUTOK KOpPEHEBO
cucremoto (3KC) pocsirnm Bucotn 31,1-33,2 cm 1a Macu kopeHis 8,8-10,8 r. MNpwu cTpatudikauii B micky
BMCOTa cknana 31,2-31,4 cm. Havripwi pe3ynbtati nokasano 36epiraHHs y BoAi: BucoTa cigHuis 3KC
ctaHoBuna 21,3-24,2 cm, Maca KopeHis nuuwe 4,2-6,1 r. YacTka 340pOBUX POCAMH NPU TPaHLWIENHOMY
meToai 6yna Haneuwot (78-84 %), Toai 9K y nicky 3adikCcOBaHO MakCMMyM 3arnbnux (26-28 %).
MopMyBaHHS BiYHUX KOPEHiB MepLIOro-TpeTboro NOpsaKy Ta CTPUXKHEBOTO KOPEHS MakoTb NpsaMui
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BM/IMB Ha MPUXMBIIOBAHICTb Ta 36epexeHiCTb NiCOBMX KyNbTyp. BucapkeHi Ha NiCOKyNbTypHY naoLly
cigHui i3 3KC Ta CiSHUi BMPOLWEHI WASAXOM WNMUIYBAHHS XONyAiB MaloTb Oifibll pO3BUHEHI KOPEHEBI
cucteMu. OTpMMaHi faHi MalTb NPAKTUYHE 3HAYEHHS ANs pO3pOOKM pekoMeHAaLiM WoA0 NiABULLEHHS
SIKOCTi CAAMBHOro Matepiany ay6a 3BM4aiHOro

Kniouosi cnoBa: Quercus robur; BUCOTA CisSHLIB; KOpeHeBa CMUCTEMa; CaAMBHUI MaTepian; 3akputa
KopeHeBa cucTeMa
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