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AND PHENOLIC COMPOUNDS OF SCOTS PINE
SEEDLINGS (Pinus sylvestris L.)

A.P. Pinchuk! !National University of Life and Environmental Sciences
A. F. Likhanov? of Ukraine, Kyiv

L. P. Babenko® ’Institute for Evolutionary Ecology

M. V. Kryvtsova® of the National Academy of Sciences of Ukraine, Kyiv
O.A. Demchenko® 3Zabolotny Institute of Microbiology and Virology

O. B. Sherbakov® of the National Academy of Sciences of Ukraine, Kyiv

L. M. Lazarenko®

M. Ya. Spivak?

E-mail: likhanov.bio@gmail.com
Received 23.06.2017

The aim of this work was to study the effect of cerium dioxide nanoparticles on the germination of
Scots pine (Pinus sylvestris) seeds and the subsequent physiological changes in plastid pigments and
phenolic compounds accumulation in the seedlings tissues. Brief soaking of pine seeds in solutions of
cerium dioxide nanoparticles (2—4 nm) increases the germinating power and seed germination by 1.3
times. In pine seedlings, germinated from six month old seeds, reduction in chlorophyll b, phenols and
phenylalanine content is observed in 14 days after treatment. Simultaneously, concentration of
carotenoids and flavonoids increased. This indicates the overall decrease in phenylpropanoid synthesis.
Hence, it is reasonable to assume that cerium dioxide nanoparticles, having entered the cells of Scots
pine seeds, are engaged in the regulation of phenol and terpenoid synthesis in seedlings, which greatly
affects the intensity of their growth and development.
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One of the ways to improve the efficiency
of production of planting material of valuable
tree species is the use of biologically active
substances (BAS) at the stage of presowing
treatment of seeds [1, 2]. Nanoparticles of
cerium dioxide that have strong antioxidant
properties, deserve special attention among
the BAS of new generation. Preparations
based on cerium dioxide nanoparticles
(CDN) have the potential to increase the
resistance of plants to different adverse
factors; however, their biocompatibility,
environmental safety and effectiveness in
low concentration are the subject of special
studies. Physiological availability, pro- and
antioxidant properties, the nature of the
impact of nanoparticles on plant organism

as a whole are largely determined by the
method of their preparation, their size, zeta
potential and other physical and chemical
characteristics. Detailed studies on various
plant objects are required to determine the
optimal concentrations of nanoparticles,
their stress-protective action, translocation
in plant tissues and localization in cells. It
is known that the toxic properties of metals
are strongly influenced by their degree of
oxidation. It is shown that water-soluble
compounds of cerium (III) are less toxic than
its salts (IV). CDN have antibacterial effect in
vitro against opportunistic microorganisms
of different groups — clinical strains of
Escherichia coli, Staphylococcus aureus and
Candida albicans [3].
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CDN have a significant effect on important
regulatory mechanisms, which control cell
proliferation and survival in human astrocytes.
There is an opinion that marked decrease of the
expression of different transcription factors
as well as growth regulatory factors by CDN
represents its toxic effect. Specifically, the
relation among endoplasmic reticulum stress-
responsible genes expression, ERN1 signaling
system function and cell proliferation
processes in response to CDN action were
studied [4].

In case of accumulation in the cells, the
cytotoxicity of ceria appears in its ability to
induce synthesis of reactive oxygen species
(ROS). However, in tissues of rice discovered
antioxidant activity of cerium dioxide in low
concentrations [5]. The biological activity of
ceria is largely determined by the proximity
of ionic radii of Ce®" and Ca?". This allows
the cerium to partially substitute the calcium
ions in the composition of biomolecules.
However, the biological effect of ceria can
deviate from normal dependence “dose —
response”. It is shown that CDN significantly
inhibit the germination of seeds of Lactuca
sativa L., Cucumis sativus L., Solanum
lycopersicum L., Spinacia oleracea L. [6].
It is also established that CDN particles
slowed the germination of Raphanus sativus
L. seeds, but did not affect the germination
rates. In field conditions the plants after the
treatment showed accumulation of CDN in
the roots, indicating its rather high mobility
in plant tissues [7]. Intense movement and
accumulation of cerium ions from the roots
to the fruits discovered in experiments
with tomatoes [8]. According to Zhang et
al. [9], the intensity of lateral transfer is
primarily dependent on particles size. In the
experiment with Cucumis sativus seedlings 7
nm particles after joining to the conductive
area of the root were transferred to all
vegetative parts of the shoots. However,
the question of the nanoparticles transport
mechanism through tissue barriers of
the roots remains open. The permeability
of the cellular structures depends on the
structural features of differentiated cells,
the composition of primary and secondary
cell walls, spatial orientation and the ratio of
components of biopolymers. It is well known
that impregnated with lignin cell walls have
high adsorptive capacity for various metals.
For this reason, the sawdust of wood is an
effective adsorbent of cerium ions from
aqueous solutions.

The findings have practical significance
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in terms of environmental assessment of the
potential risks associated with the migration
of physiologically active elements in trophic
chains of soil sphere. Literature data
indicate the ambiguity of opinions about the
effectiveness and appropriateness of the use
of cerium nanoparticles in crop production
practice.

Due to the high pro- and antioxidant
activity of nanodispersed CDN that are
potentially capable to affect the stress
resistance factors, the purpose of our
study was to investigate the effect of CDN
on germination indices of pine seed and
plastids pigments and phenolic antioxidants
accumulation in the tissues of sprouts.

Materials and Methods

Plant growth conditions. Seeds of Scots
pine (Pinus sylvestris L.) were used in
the experiment. 0.1 M solution of CDN
was used for seeds processing. The size
of CeO, nanoparticles is from 2 to 4 nm.
The hydrodynamic diameter of particles is
~7 nm, (-potential ~ —20 mV. The 0.1, 0.5,
1.0 and 1.5 ml of the stock solution of CeO,
nanoparticles were added per 1 1 of distilled
water to prepare solutions with different
concentrations of CDN.

Seeds treatment was conducted by
dipping into the solution with appropriate
concentration of CeO, nanoparticles for a
few seconds. The control group of seeds was
soaked in distilled water. After treatment,
the seeds were transferred to a specialized
device (Jacobsen seed propagation machine)
for germination. The temperature regime for
sprouting seeds was 22 = 2 °C.

The accounting of germination energy and
seed similarity was carried out in accordance
with State Standard of Ukraine 8558: 2015
“Seeds of trees and shrubs. Methods of
determining the sowing qualities (similarity,
viability, benignity)”.

Determination of chlorophylls and
carotenoids amount. Quantitative deter-
mination of chlorophylls and carotenoids
amount in methanol extracts of 6-month
old pine seedlings were performed spectro-
photometrically according to the formula
[10]:

Ca(mg/ml)=16.72A4459— 9.16Ag59 4,

Cb (mg/ml) = 34’09A652.4 - 15'28A665.2’

¢ (x + ¢) (mg/ml) = (1000A, — 1.63Ca —
~104.96Cb)/221.
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Measurement of optical density of the
extracts was performed on a spectrophotometer
Optizen Pop (South Korea).

Determination of the total content
of phenols and phenolic antioxidants.
Quantitative determination of the total
concentration of phenolic compounds in
the seedlings (v/v 1/10) was conducted
using Folin-Ciocalteu reagent [11]. The
calibration curve was constructed for gallic
acid. Quantitative content of flavonoids
was measured spectrophotometrically at
A = 419 nm. To conduct this experiment,
200 pl of 0.1 M solution of aluminium chloride
(AICl;), and 300 ul of 1M sodium acetate
(CH;COONa) were successively added to
300 ul of methanol extracts. Quercetin (Sigma,
Germany) was used as standard to construct
the calibration curve. The concentration of
phenolic antioxidants in the extracts was
determined by the method based on the use
of free stable 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical. Water-soluble vitamin E
(Trolox) was used as standard to construct
the calibration curve. 6 mg of vitamin (M, j0x =
250.29) was dissolved in 2.4 ml of 80% ethanol
for preparation of stock solution. The reaction
mixture contained 0.25 ml of plant extract,
1.75 ml of 80% ethanol, 2 ml of 0.2 mM
solution of DPPH. 80% ethanol was added to
the control vials instead of phenol extract.
The reaction started after the addition of
DPPH solution. The vials were intensively
shaken and left for 30 min in the dark at
room temperature. The optical density of
the reaction mixture was determined at a
wavelength of 517 nm. Antioxidant activity
of the extracts was expressed in pM Trolox
EQ[11].

Determination of the content of free amino
acids. Chromatographic separation of free
amino acids was carried out on HPTLC Cellulose
plate (Merck, Germany) in the butanol-acetic
acid-water solvent system (v/v/v — 3/1/1).
0.3% solution of ninhydrin in butanol was used
as visualization reagent. Semi-quantitative
analysis of the content of free amino acids
was performed by densitometric method [12]
with the use of Sorbfil TLC Vidiodensitometer
program Ver. 2.3.0.

Statistical Analysis. Statistical data
processing was performed using specialized
software Statistica 7.0. Sigma Plot 12.0
program was used for regression analysis,
mathematical modeling of dynamics of
the content of plastid pigments, phenolic
compounds and antioxidant activity.

Biochemical analyzes of plant tissues were

performed in four biological replicates (n = 4)
with a meaningful difference compared to
control at the threshold of significance level
P <0.05.

Results and Discussion

After short-time soaking of seeds in CDN
solutions the natural process of hydration
started. To obtain direct physiological
effects, nanoparticles have to pass
through the tissue barrier of the seed coat
(perisperm), which consists of several layers
of differentiated cells. The middle layer of
pine seeds perisperm consists from cells with
relatively thick lignified shells. Its secondary
cell wall is mainly charged negatively.
Nanoparticles of 2—-4 nm with negative
C-potential (-20 mV) are capable to easily
overcome the tissue barrier and to penetrate
into the living tissues of the embryo and a
haploid endosperm. This is evidenced by the
dependence of the main indicators of seed
germination on the solution concentration.
Cells of the embryo and female gametophyte
have fairly thin cell walls with a high content
of pectins. Uronic acids in their composition
are capable to bind with Ca?" ions, and as
far as cerium ions may replace calcium in
biomolecules [13], it is possible that CDN are
actively immobilized in pectin components
of cell walls of the primary meristem and
endosperm.

The ability of pectin to form ionic bonds
with calcium is determined by many factors
including methylation of uronic acids [14].
In young tissues the degree of methylation
is usually higher. During maturation and
gradual differentiation of cells that occurs
in the tissues of pine seedlings with high
activity of pectinmethylesterase, the content
of methyl groups decreases. This creates
conditions for binding of calcium ions and,
consequently, cerium dioxide.

In accordance with the theory of water
migration in plant tissues, the rate of
translocation of unbound cerium dioxide
nanoparticles in apoplast can ten times
exceed their movement through the symplast.
This effect is explained by the significantly
smaller throughput of plasmodesma channels.
Moving through the intercellular spaces at a
relatively high speed, the nanoparticles can
lose C-potential charge. This greatly reduces
their chemical reactivity, however, increases
the penetrating capacity. When the surface
charge is close to neutral, nanoparticles easily
overcome cellular barriers and integrate

65



BIOTECHNOLOGIA ACTA, V. 10, No 5, 2017

into the phospholipid layer of membranes
[13]. Particles of extremely small size
(2-4 nm) relatively freely penetrate into
the periplasmic space, then to the cytoplasm
and compartments of cells. The fact that
smaller particles have greater total reaction
surface creates preconditions for their
active interaction with organic acids and
other chelating agents. In our experiments,
physiological indicators of pine seeds
monotonously increased after swelling of
seeds in aqueous solutions of cerium dioxide
in the range of concentration ranging from
1.0 to 10.0 nM. Regression analysis revealed
correlation between the concentration of
CDN, energy of germination (RZ = 0.99) and
germination rate (R% = 0.97) of seeds, which
can be described by the formula:

f=yo+ a-x’.

When the concentration of nanoparticles
increased to 150.0 nM, the physiological
indicators of seed’s germination activity
decreased (Table 1).

At low concentrations of CDN (10.0 nM)
the content of chlorophyll b in seedlings
reduced (Fig. 1).

Instead, the content of chlorophyll a in the
tissues of pine seedlings did not significantly
change. The established effect of the relative
stability of the main chlorophyll content
is consistent with the data obtained when
processing beans [15] and tomatoes [16] with
CDN solutions. At the same time, for the rice
culture Rico et al. [17] showed the ability

of CDN to decrease chlorophyll b content in
leaves. A similar trend has been identified for
pine seedlings.

For supplementary plastid pigments
positive biological effect was observed in
a narrow interval of CDN concentrations
ranging from 10.0 to 50.0 uM. The dependence
of indicators of chlorophylls and carotenoids
in the tissues of pine seedlings from the
CDN concentrations were determined by the
lognormal function, which is described by the
equation:

_ a In(x/x,) : .
Y=Y+ L &P [—0.5 (T) ]

The accuracy of empirical data
approximation (R®* ~0.97 and 0.99) by
this formula is sufficient to use it as a
mathematical model of evaluation the effects
of nanoparticles on physiological processes in
seeds and seedlings of pine. The coefficients in
the equation can have the following biological
meanings: y, — the concentration of pigments
in the tissues of the seedlings in the initial
stages of growing; a, b — empirical constants,
the first of which determines the saturation of
plastid pigments, and the second characterizes
the dynamics of their content; x, (x, # 0) is
a coefficient of pigment complex inertia,
which determines its response to external and
internal stimulation; x is the variable, that
depends on the concentration of active agent.

Carotenoids and phenolic compounds
are important components of antioxidant

Table 1. Physiological and biochemical indicators of seeds and seedlings of pine (Pinus sylvestris L.)

after treatment with CDN (n = 4)

Cone. Fl Ph A0 Chla Chl b K E Grm
controny | 28014 FR | 30a | S0 L 000 [0.04+0.002 | 48=2.4 | 60+2.4
o0 Joons| B | L | e | S8 | Sks |mess e
o | e || B | | S | Sl |eser| e

Notes: hereinafter* — Significant differences in comparison with the control values, P < 0.05, Conc. —
CDN preparation concentration, nM; FL — flavonoids, mg/g; Ph — phenols, mg/g; AO — antioxidants,
mg/g; Chl a — chlorophyll a, mg/g; Chl b — chlorophyll b, mg/g; K — carotenoids, mg/g; E — the energy of
germination,% ; Grm — germination rate,%.
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Fig. 1. The influence of CDN used in different concentrations on the content
of chlorophyll b and carotenoids in the tissues of pine seedlings:
hereinafter: n =4

system that supports the stability of the
pigment complex of photosynthetic apparatus
in the cells. A significant part of simple
phenols in higher plants is synthesized in the
chloroplasts. They are optically active and able
to perform photoprotective and antioxidant
functions. Plant phenols are mainly generated
by shikimate pathway. In angiosperm and
gymnosperm species shikimate pathway genes
are localized in the nuclear DNA and contain
N-terminal signal polypeptide sequences that
required for their transport into plastids.
In the chloroplasts, where the formation of
simple phenols takes place, the transport
peptides are chipping off by special proteases,
and basic polypeptides obtain typical for
proteins appropriate spatial structure. This
implies that the influence of the nanoparticles
on the synthesis of phenols may be mediated
in the cytoplasm through binding with the
predecessors of enzymes at the stage of their
transfer between compartments.

Key stage in phenylpropanoid synthesis
in higher plants depends on the activity
of phenylalanine-ammonia-lyase. This
enzyme participates in deamination of
L-phenylalanine with the formation of trans-
cinnamic acid [18]. Ions of bivalent metals
including Mg?*, Fe?', Cu?", Zn?', Ca?" are
required as cofactors for proper functioning
of the enzyme system of shikimate pathway.
The latter may be partially replaced with
cerium ions and, as a consequence, have a
significant impact on the synthesis of phenolic
compounds, and secondary metabolism in
general. Suppression of phenylpropanoid
synthesis was experimentally confirmed.

Thus, on the background of general
suppression of the phenols accumulation,
we observed a nonlinear increase in total
antioxidant activity of plant tissues with
increasing the concentration of CDN from
50.0 to 150.0 uM (Fig. 2).

This effect can be directly linked to
the antioxidant properties of the particles
themselves, as well as to their individual
elements chelated by organic acids. The
lack of monotony of a response function in
increasing concentration gradient of CDN
reflects the complexity of the effects of
nanoparticles on cells and tissues of the
seedlings.

The accumulation of large quantities
of phenolic antioxidants associated with
the synthesis of phenylalanine. In our
experiments, chromatographic separation of
amino acids contained in alcohol extracts of
pine seedlings found lognormal dependence
between the concentration of CDN and the
content of phenylalanine (Fig. 3). A positive
correlation (r = 0.96) between the content
of proteinogenic amino acid and phenol
substances in plant tissues confirmed the
ability of CDN to influence the shikimat and
phenylpropanoid pathways of synthesis in
seedlings. Established pattern is also evident
in the CDN concentrations ranging from 50.0
t0 100.0 pM.

The narrow relationship between the
amount of secondary metabolism products
and concentration of CDN preparation was
determined for the flavonoids, while the
multiple correlation analysis revealed no
significant relationship between the content of
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Fig. 2. The influence of CDN on the content of total phenols and phenolic antioxidants
in the tissues of seedlings of pine (Pinus sylvestris L.)

Table 2. Correlation matrix of physiological and biochemical indicators of seeds and seedlings of pine
(Pinus sylvestris L.) after treatment with CDN

Concentration F1 Ph AO Chla Chlb K E Grm

Concentration 1.00 0.98 | -0.50 | —0.60 | 0.21 0.00 0.00 0.40 0.40
F1 1.00 1.00 | -0.50 | -0.60 | 0.21 0.00 0.00 0.40 0.40

Ph —-0.50 -0.50 | 1.00 0.70 0.36 0.50 | -0.50 | —0.30 | —0.30

AO -0.60 -0.60 | 0.70 1.00 0.31 0.40 | -0.40 | —0.80 | —0.80
Chla 0.21 0.21 0.36 0.31 1.00 097 | —0.97 | -0.56 | —0.56

Chl b 0.00 0.00 0.50 0.40 0.97 1.00 | —1.00 | -0.60 | —0.60

K 0.00 0.00 | -0.50 | -0.40 | -0.97 | —-1.00 | 1.00 0.60 0.60

E 0.40 0.40 | -0.30 | -0.80 | -0.56 | —0.60 | 0.60 1.00 1.00

Grm 0.40 0.40 | -0.30 | —0.80 | —0.56 | —0.60 | 0.60 1.00 1.00

flavonoids and other physiological indicators of
pine seedlings (Table 2). This fact confirms that
the formation of these highly active substances
from chalcone, which synthesized from
p-cumaril-CoA and 3 molecules of malonyl-
CoA under the action of chalcone synthase,
retains some regulatory autonomy. The content
of flavonoids, primarily in the mesophyll of
cotyledons is determined by peculiarities of
their synthesis and functionality.

Most of the known enzymes of flavonoid
level are localized in the cytosol and
endoplasmatic reticulum [18], where, probably,
large part of CDN is accumulated. On the
basis of obtained data, CDN contribute to the
synthesis of flavonoids in seedlings of pine
(Fig. 4).

It is known that CDN after prolonged
contact with water gradually change the
value of {-potential due to the replacement
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of protons absorbing on their surface by OH-
groups [19]. The process of deproteinization
of catechuic flavonol hydroxyls and,
consequently, the formation of its complexes
with metal facilitates under the condition
of high content of hydroxyl groups on the
surface of CDN.

The opposite effects of the influence of
CDN on the content of carotenoid seedlings
and phenolic compounds in the tissues are
interesting. These substances belong to the
two most important groups of secondary
metabolites. They are synthesized in various
ways from the products of primary synthesis.
Terpenes, which include carotenoids,
are derivatives of isoprenes. They are
formed from mevalonic acid, pyruvate and
D-glyceraldehyde-3-phosphate. Phenols
are synthesized mainly along the shikimate
biosynthetic pathwayfrom phenylalanine [18].
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Fig. 3. The effect of CDN on the content
of phenylalanine in the tissues of seedlings
of pine (Pinus sylvestris L.)

Reduction in the content of phenylalanine and
phenol in the tissues may indicate a reduction
of the concentration of shikimic acid and its
precursors in the cells: phosphoenolpyruvate
and erythrose-4-phosphate.

Phosphoenolpyruvate is formed in the
final stages of glycolysis. pyruvate — a
precursor in the synthesis of terpenoids
and flavonoids — is formed from it by
substrate phosphorylation. CDN is able to
catalyze dephosphorylation of substrates
[13] and, possibly, to reduce the content of
phosphoenolpyruvate in plant cells. For this
reason CDN can have a significant effect on
plants with C4 type of photosynthesis, in
which phosphoenolpyruvate participates
in carbon binding during photosynthesis.
It is known, for example, that even a slight
increase in CDN concentration leads to a
slowing of the growth of roots and stems of
corn [20]. Another factor in the supposed
increase in glycolysis intensity is the ability
of CDN to reversibly bind to phosphate
groups [21] and, possibly, partially block
the formation of ATP. The activity of
phosphofructokinase-1, involving glucose-
6-phosphate in the oxidative cycle, depends
from the level of its content in cells. The
increase in germination and seed germination
rates observed by us can also be explained by
the active glucose oxidation.

With glycolysis a linear increase in the
content of flavonoids in pine seedlings is
evidently associated with seed treatment
with an increasing concentration of the CDN
solution. Unlike most plant phenols, the
synthesis of flavonoids is associated with an

o
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o
o
,

o
=)
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Fig. 4. The effect of CDN on the content
of flavonoids in the tissues of seedlings
of pine (Pinus sylvestris L.)

acetate-malonate route, the starting product
of which is acetyl-CoA. This compound
is formed in the mitochondria during the
decarboxylation of pyruvate and is also
associated with glycolysis.

So the rate of germination and sprouting
of pine seeds increased in 1.3-1.4 times after
short-time soaking of seeds in solutions
of 2—4 nm CDN with negative z-potential
used in concentrations ranging from 10.0 to
100.0 uM. When the concentration of CDN
increased to 150.0 pM, these indicators
decreased by 10-20%.

A single treatment of pine seeds with
increased concentration of CDN solution
resulted in non-monotonic change of content
of chlorophylls, phenolic compounds and
antioxidants in seedlings, which is described
by lognormal function.

So, CDN significantly affects the
processes of secondary metabolism of
Scots pine sprouts. CDN stimulates the
accumulation of carotenoids and flavonoids,
the synthesis of which is closely related to
the content of pyruvate and acetyl-CoA in
cells. This significantly reduces the content
of phenylalanine and phenols, which are
formed by shikimat biosynthetic pathway by
condensation of phosphoenolpyruvate and
erythrose-4-phosphate.
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BIIJINB HAHOYACTHHOK OIOKCHUY
IMEPIIO HA ITPOPOCTAHHSA HACIHHA
TA HAKOIIMYEHHA ITJIACTUIHUX
IIITMEHTIB I ®EHOJBbHUX CIIOJIYK
Y IPOPOCTKAX COCHH 3BHYAMHOI
(Pinus sylvestris L.)
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MeTo0 pobGoTu O0yJI0 AOCHiAKEeHHS BILJIUBY
HAHOYACTUHOK IiOKCUAY IIepilo Ha IPOPOCTaHHA
HaciHHA 3 mogaapImuMu (isiosoriyHMMuU 3Mi-
HaM¥W B HAKOIMYEHHI IJAaCTUIHUX IIirMeHTiB
Ta (heHOJBbHUX CIIOJYK y TKAHWMHAX IPOPOCTKIB
cocHu 3BuuaiiHoi (Pinus sylvestris). Becranos-
JIeHO, III0 KOPOTKOUacHe 3aMOUyBaHHA HAaCiHHA
COCHU Yy PO3UMHAX HAHOYACTUMHOK NiOKCUAY Iie-
piro (2—4 HM) 306iJbIIyBaJIO OTO CXOMKiCTh Ta
emepriio mpopoctaHusa B 1,3 pasa. ¥ mpopocTKax,
110 OTPUMAJIN 3 MIECTUMIiCAYHOTO HACIHHA, Yepes
14 1i6 micasa ix o6pobIeHHA cIIocTepirajgocs 3HN-
JKeHHA BMicTy xJopodiny b, denoiiB Ta deHia-
amauniny. OgHouacHO 36iJbIIyBasacad KOHI[EH-
Tpanid KapoTuHoifiB i sraBorOifiB. Ile BKasye
Ha 3arajibHe 3HU)KeHHSA aKTUBHOCTI (peHinmIpona-
HOigmoro cuHTe3y. Ha 1iii migmcTaBi 3pob6JeHO
NPUNYIIeHHA, IO HAHOYACTUHKU AiOKCHUAY
mepiro, AKi BXOAATH Y KJIITHMHU HACiHHSA COCHU
3BUUANHOI, Y HOJaJbIIIOMY 0€PyTh YUacTh y pe-
rynaanii npoieciB cuHTe3y (DeHOJIiB i TepreHoiniB
Yy IPOPOCTKAaX, 10 BiITIOBiHO BIIJIUBAE HA iHTeH-
CHUBHICTBb IXHBOT'O POCTY Ta PO3BUTKY.

Knwuoeicnosa: cocuaspuuaiina (Pinus sylvestris
L.), HaHOYACTUHKHU AiOKCUIY IIepil0, IIPOPOCTAaH-
HA HaciHHA, (peHOJIU, (PJIaBOHOI M, KAPOTUHOIAN.

BJIUAHUE HAHOYACTHII TUOKCHUIA
ITEPUA HA IIPOPACTAHHUE CEMAH
N HAKOIIJIEHUE IJIACTHIHUX
IIUTMEHTOB U ®EHOJIbHBIX
COEJIVMHEHUMN B IIPOPOCTKAX
COCHBI OBBIKHOBEHHOM
(Pinus sylvestris L.)
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ITenwbio paboTsl OBLIO MCCIETOBAHNE BAUSIHUA
HAHOYACTHUI] JUOKCHIA IIePU Ha IIpopacTanme ce-
MSH C TOCJeAYIOMUMU (PU3NOJOTUUECKUMU U3Me-
HEeHUAMH B HAKOILJIEHUU IIJIACTUIHNX IIUTMEHTOB
" (heHOJBHBIX COeTNHEHUN B TKAHAX IIPOPOCTKOB
cocHbI OOBIKHOBeHHOMU (Pinus sylvestris). Ycra-
HOBJIEHO, UTO KPaTKOBPEMEHHOE 3aMauyuBaHNe
CeMsH COCHBI B PACTBOPaX HAHOUYACTHUIL JUOKCHUIA
mepud (2—4 HM) yBeJIUUYUBAJIO UX BCXOXKECThb U
9Hepruio nmpopacranusa B 1,3 pasa. B mpopocTkax,
MMOJIYYeHHBIX M3 IIeCTUMECIYHBIX CeMAH, uepes
14 pueit mocJyie nxX 06pabOTKM HaAOJIIOIAaI0Ch CHI-
JKeHUe colep:KaHudA XJopoduiuaiaa b, peHOIOB u
denmnanannaa. OZHOBPEMEHHO YBEJINUYNBAJIACH
KOHIIeHTPAIuA KaPOTUHOUAOB U (DJIaBOHOUIOB.
ATo yKa3bIBaeT Ha 00Illee CHMIKEeHEe aKTUBHOCTU
deHmIIPONIaHONIHOTO cHTEe3a. Ha aToM ocHOBa-
HUMU CAeJAHO IIPEAIoJI0OMKeHNe, YTO HAHOUYACTUIhI
IUOKCHUIA IIepUsd, KOTOPEIe BXOIAT B KJIETKH Ce-
MSH COCHBI OOBIKHOBEHHOM, B JaJbHEHIIIeM IpPH-
HUMAIOT yYacTHe B PEryJAIliy IPOIleCCOB CUHTE3a
(eHO0JIOB U TEPIIEHOUIOB B IIPOPOCTKAX, UTO COOT-
BETCTBEHHO BJIUAET HA MHTEHCUBHOCTh NX POCTa U
pasBUTHUA.

Kntouesvie cnosa: cocHa oowikHOBeHHas (Pinus
sylvestris L.), HaHouacTUIBI JUOKCHUIA Ilepud,
mpopacTaHue ceMsH, (EeHOJIbI, (IaBOHOUMILI,
KapOTUHOUIEL.
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