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Abstract. Ecologically safe biopreparations for agriculture are obtained from the waste of natural raw materials
- greenery (needles), which remains after large-scale logging operations. These products (fir extract and spruce
extract) contain natural triterpene acids, plant phenolic compounds and flavonoids. Although the growth regulators
with similar characteristics are used in forest nurseries, there is still no data about the seedlings growth that were
obtained under the influence of these preparations and then planted in the forest. The goal was to study the ef-
fect of biological preparations on the Scotch pine growth when it grown in a forest nursery, and then, in the forest
culture. The experiments with pre-sowing treatment of pine seeds and its planting were conducted in the forest
nursery. Seeds were soaked in preparation solutions (doses of 0.1 and 0.25 mi/kg of seeds) for 6 h. After growing
of pine trees in the nursery, plot with cultures from these seedlings was created in the forest. Before planting in
the forest, the seedlings were measured (stem height, root collar diameter). Measurements of pine trees were also
taken three years in a row in the forest plot (stem height, root collar diameter, increment). Shown that a once seeds
treatment by biostimulants ensured high survival and adaptation of pine when it was transplanted into the forest.
The biometric characteristics of young trees were higher in the third year than in the ones from the control variant.
Concluded that biostimulants obtained from coniferous raw materials are recommended for Scots pine growing in
nurseries and increasing the forest cultures sustainability.
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NOAYUYEHHbIX U3 APeBECHOW 3eAeHU XBOWHbDIX MOPoA,
B UICKYCCTBEHHOM A€COBOCCTaHOBAEHUU COCHbl 06bIKHOBEHHOM
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**UHCTUTYT Xummumn OUL, Komu HL YpO PAH, r. CoikTbiBKap, Poccurickas ®eaepaums

AHHOTauMsA. IKorornyecku besonacHble buonpenaparbl A CEAbCKOIo X035MCTBa MOAYYAIOT U3 OTXOAOB MPUPOAHO-
[0 ChIpbsi — APEBECHOM 3€AEHM XBOMHbIX PACTEHWM, KOTOpasi OCTAETCSH MOCAEe MacLUTabHbIX AeCO3aroTOBMTEAbHbIX
pabot. 3T buonpenapatbl (AKCTPAKT MUXTbl U IKCTPAKT €AM) COAEPXKAT HaTypaAbHbIe TOUTEPNEHOBbIE KUCAOTbI, pac-
TUTEAbHbIE (PEHOABHbIE COEAMHEHUS U PAGBOHOUALI. XOTS B AECHbIX MUTOMHUKaX MCMOAb3YIOTCS PEryAaToOpbl poCTa
C @aHaAOrMUYHbIMU XapaKTepUCTUKaMM, AO CHUX MOP HET AQHHBIX O POCTE CEAHLIEB, MOAYUYEHHbIX M0A BAMSIHUEM 3THX
rnpenaparoB 1 3aTeM BbICaXeHHbIX B A€CY. LieAb paboTbl — U3yUnTb BAMSIHUE BUONpenapaToB Ha POCT COCHbI 0ObIK-
HOBEHHOM Mpu BbipalLMBaHUU €€ B AECHOM MUTOMHUKE, a 3aTeM, MOCAE Nepecasku, — B AECHbIX KYAbTYpax. OnbiTbl C
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npeAnoceBHoK 06paboTKOM CEMSIH COCHbI M X MOCEBOM MPOBOAMAMCEL B ACCHOM MUTOMHUKE. CeMeHa 3amaynBanm
B pactBopax npenaparoB (A03bl 0,1 n 0,25 Ma/Kr cemsiH) B TeueHune 6 4. [locae BbipallumBaHWs COCHbI B MUTOMHMU-
Ke B necy 6bIA CO3AaH y4acCTOK C KyAbTypaMn 13 3TUX CEAHLEB. I'IepeA I'IOC&AKOIZ B AeC Yy HUX U3MEePAAN CaepyroLine
rokasaTteAm: BbICOTY CTBOAMKA U AMAMETD KOPHEBOW LLEHKK. [TpOMeEpPbI AEPEBLEB COCHbI TaKXe MPOBOAUANCH 3 roaa
MoAPSIA Ha AECHOM yuyacTKe (BbiCOTa CTBOAA, AMAMETP KOPHEBOW LLENKHM, NPMUpocCT). [loka3aHo, UTo OAHOKpaTHas 06-
pabotka ceMsiH bruoCTUMyATopaMu obecrnedymnaa BbICOKYH MPUXXMBAEMOCTb M apanTaLmio COCHbI NpW nepecaske B
Aec. bromeTpuyeckme xapakTepUCTMKM MOAOALIX AEPEBLEB Ha 3-# roA ObIAM BbiLLE, YEM Y KOHTPOAbLHOIO BapHuaHTa.
CaenaH BbIBOA O TOM, YTO BMOCTUMYASITOPbI, MOAYYEHHbIE M3 XBOMHOIO ChIpbs, MOTYT ObITb PEKOMEHAOBaHbI AAS Bbl-
pawnBaHUA COCHbI 06bIKHOBEHHOM B MMTOMHMKaX U MOBbILLIEHUST yCTOI;'ILlMBOCTI/I AECHbIX KYAbTYP.

KnroueBblie croBa: 6M0npenapaT, 6I/IOCTMIVIy/\FITOpr paCTeHMI;I, COCHa OﬁbIKHOBeHHaFI, XBOWHOE Cblpbe, AECHbIE KYAb-
Typbl, CesHLbl COCHbI

duHaHcupoBaHue. PaboTta BbINOAHEHA B paMKax rocyaapCTBEHHOro 3aaaHnsa botaHnueckoro caaa YpO PAH v UH-
crutyta xummmn OUL Kommn HL YpO PAH. UccaeaoBaHue buonpenapata M3 SKCTpakTa eAu npoBEeAEHO rnpu puHaHCo-
BOW MoaAepKKe Poccniickoro HaydHoro ¢poHaa (npoekt Ne 21-73-20091).

Ansa umtupoBaHus: AHppeeBa E.M., CteueHko C.K., Tepexos I.I., XyplkanHeH T.B., KyurH A.B. BO3MOXHOCTU MCMOAb-
30BaHuA BronpenapaTtos, NOAYYEHHbIX U3 APEBECHOW 3EAEHM XBOMHbIX MOPOA, B UCKYCCTBEHHOM AECOBOCCTAHOBAE-
HWK COCHbl 0O6bIKHOBEHHON // UN3BecTusi By30B. MNpuknaaHas Xumus U 6uotexHonormsa. 2023. T. 13. N 1. C. 99-106.

(In English). https://doi.org/10.21285/2227-2925-2023-13-1-99-106.

INTRODUCTION

Large-tonnage logging waste - coniferous tree
greens - is a raw material for obtaining biologically
active extracts, which can be the basis for the devel-
opment of plant growth regulators [1-3]. These prepa-
rations are environmentally friendly, have a multifunc-
tional effect, have low toxicity to humans, and can be
widely introduced to agricultural and forest farms [4].
Preparations with a growth-stimulating effect are cur-
rently actively used in the cultivation of coniferous seed-
lings, which makes it possible to increase seed germi-
nation, increase biometric characteristics and seedling
resistance when growing planting material in nurseries
[5-7]. We found only a few studies that examined the
fate of seedlings grown with the use of such biostimu-
lants and subsequently transferred to forest sites [8].

However, the success in survival (preservation) and
the active growth of conifers trees at the first years after
transplanting to the forest environment is a very import-
ant aspect in the formation of a sustainable and produc-
tive artificial plantation.

A new biological product requires approbation not
only in the laboratory, but also in the field experiments.
Two preparations obtained by the emulsion extraction
method from fir (fir extract) and spruce (spruce extract)
tree greens using an aqueous alkaline solution as an
extractant. This method makes it possible to simulta-
neously extract a complex of lipophilic and hydrophilic
compounds with different polarity without the use of or-
ganic solvents [9].

The preparations were successfully tested for agri-
cultural plants and received state registration? [4, 10].
Fir extract contains the natural triterpene acids, spruce
extract - plant phenolic compounds and flavonoids.
Currently, studies of these preparations for coniferous
plant species are being carried out [11].

1Gosudarstvennyy katalog pestitsidov i agrokhimikatov, razreshennykh k primeneniyu na territorii Rossiyskoy Federatsii =

The goal was to study the effect of biological prepa-
rations on the Scotch pine growth when it grown in a
forest nursery, and then, in the forest culture.

MATERIALS AND METHODS

Growing of pine seedlings (Pinus sylvestris L.) was
carried out in the Berezovsky forest nursery (Sverdlovsk
region). Pine seeds of the first quality class, collected
in the Sverdlovsk region, were given by the Yekaterin-
burg Forest Seed Station Department of the Forest
Protection Center of the Chelyabinsk Region. Experi-
ence was performed out in 5 variants: 1 - control and
4 - experimental (with biological products of fir extract
(FE) and spruce extract (SE). Before sowing, the seeds
were soaked in solutions of the preparations with doses
of 0.1 and 0.25 ml/kg for 6 h. The seeds of the control
variant were treated only with distilled water.

The size of the experimental and control sites in the
nursery is 1x1 m, the repetition of each variant is three
times. The seeding corresponded of the requirements
for forest nurseries in the Ural region and was 1.5 g per
running meter?.

Agrotechnical care for plants was made according to
the recommendations for growing seedlings in the nurs-
ery2. The pine seedlings have grown for two years. At
the end of the second vegetation season, some part of
seedlings was dug up for measuring biometric parame-
ters: stem height, root collar diameter (at least 50 seed-
lings); the safety of seedlings was carried out (number
per 1 running meter).

The remaining seedlings in the next year spring were
planted to the forestry area in the vicinity of Berezovskii
city. Seedlings were planted in the control - 177 copies,
with FE 0.1 - 118 ones, with FE 0.25 - 129 ones, with
SE 0.1 - 158 ones, SE 0.25 - 118 ones. Every year at
the end of the growing season in each variant the safety

State catalogue of pesticides and agrochemicals permitted for use on the territory of the Russian Federation. 2022. (In Russian).

URL: www.agroxxi.ru/goshandbook (11.12.2022).

2Guidelines for the cultivation of tree and shrub planting material in forest nurseries of the Ural region. Moscow, 1998. 172 p.

(In Russian).
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Fig. 1. The growing seasons weather characteristics on the researching plots in the experimental period*
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of the planted seedlings was fixed (number of survivors
seedling from of the original ones, %), and also the di-
ameter and height of the stems for all seedlings were
measured.

The characteristics of the main weather factors af-
fecting the growth of trees during the growing seasons
at the study period are shown in Fig. 1.

As can be seen, the weather characteristics had de-
viations from the average climatic values - the some
increasing of atmospheric temperature and a lack of
humidity were noted.

Measurements of pine trees were also taken three
years in a row in the forest plot (stem height, root collar
diameter, increment). Also, there was counted the sur-
vival of cultures (the number of living trees remaining
from planted ones, %).

Statistical data analysis was performed in the pro-
gram Statistica 6.0. Arithmetic averages and standard
errors are calculated for the obtained metric features.
The reliability of the differences in the averages is es-
tablished with the t-test.

RESULTS AND DISCUSSION

Pine seedlings in different variants at the end of the
second year of growth in the nursery did not have sig-
nificant differences in the root collar diameter (Table).
Only variant with spruce extract, 0.1 ml/kg was thicker
of control on 13.6%. The greatest height of the seed-
lings was noted in the variants using the studied bio-
stimulants in small doses - fir extract, 0.1 and spruce
extract, 0.1 (by 9.2 and 17.2% compared with the con-
trol, respectively).

Safety and averages (Mean + SE) of growth characteristics 2-year-old pine seedlings in nursery

CoxpaHHOCTb U NnokasaTeAn pocta (cpeaHee + SE) y 2-AeTHUX CeAHLEB COCHbI, BbIPALLEHHbIX B MUTOMHUKE

Variant safety of seedings,
Control 120.6
Fir extract, 0,1 126.4
Fir extract, 0,25 134.3
Spruce extract, 0,1 121.3
Spruce extract, 0,25 137.7

Root collar diameter, mm Stem height, sm
2.2+0.08 8.7+0.30
2.1+0.05 9.5+0.26
2.1+0.07 8.0+£0.29
2.5+0.07 10.2+0.36
2.2+0.07 8.3+0.30

SArchive weather in Yekaterinburg. URL: https://rp5.ru/Archive_weather_in_Yekaterinburg (11.12.2022).
“Klimaticheskie tablicy. Dannye dlja Ekaterinburga = Climate tables. Data for Yekaterinburg. (In Russian). URL: http://www.

pogodaiklimat.ru/climate/28440.htm (11.12.2022).
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The safety of seedlings in the experimental variants
was at the control level or slightly higher, especially in
the variants with the use of the spruce and fir extracts
with a dose of 0.25.

The safety of pine seedlings a month after planting
on the forest area was 91.1-100% in different variants.
The survival of forest cultures was more in the first two
years of growth, a slight decrease occurred in the third
after planting (Fig. 2). Perhaps the influence of weather
factors affected, because, all years of pine trees growth
were accompanied by rather hot and dry weather with
low precipitation in summer (Fig. 1). It should also be
taken into account that the site on which the pine was
planted is located in the outskirts of the city, near the
private houses, so the influence of recreational load, in-
cluding trampling, is not excluded. Generally, at the end
of the third year of cultures growth, pine in the experi-
mental variants had a 9-31.5% greater survival (with
the exception of the FE, 0.25 ml/kg), compared to the
control.
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Fig. 2. The survival of pine trees in forest cultures at the first
three growth year
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As well as when the growth of seedlings in the nurs-
ery, higher value of the pine stem height, compared with
the control, was noted in the variants with the use of
small doses of preparations (0.1 mi/kg) at the first two
years of trees growth (Fig. 3). At the third year, the in-
crease of height in all experimental variants was larger
than the control: by using high doses of biostimulants
by 24.3-26.1%, small doses - by 38.4-42.3%. Thus,
the activity of biopreparations most likely helped to
overcome the difficult conditions of drought for the pine
in the experimental variants. At the end of the growing
season, the largest value of the stem height significant-
ly exceeded the control indicator in the variant with fir
extract, 0.1 ml/kg by 35%, in the spruce extract variant,
0.1 mi/kg - by 25%.

Also, in experimental variants, the stem height ex-
ceeded the control values by 4.6% in the variant with
fir extract (0.25 ml/kg) and by 11% with spruce extract
(0.25 ml/kg), but the differences were not reliable.

The root collar diameter was significantly larger than
the control values in the variants where small doses
biopreperations were applied (Fig. 4); in the fir extract

variant, 0.25 ml/kg was slightly more than the control
(by 10.7%), there were no differences from the control
in the spruce extract variant, 0.25 ml/kg.
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Fig. 3. The stem height of pine trees in forest cultures
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Since the biostimulants that we used in this exper-
iment are based on extracts of plant materials, they
are organic products consisting of a whole complex of
various components [12, 13]. The conversion to a larg-
er-scale use of natural compounds instead of artificial-
ly synthesized stimulants in the agro-industrial sector
has begun relatively recently, so the composition and
mechanism of action of these preparations is under
study. Metabolic reactions of plants, leading to an in-
crease in linear sizes, are also being studied - this is
either stretching and an increase in the volume of plant
cells, or an increase in their number due to more active
synthesis. The latter case for long-growing conifers is
more preferable, since a denser cellular structure en-
sures that the mechanical strength of growing trees is
maintained. The pine response to the use of stimulants
is supported by scientific data that the triterpene glyco-
sides contained in the fir extract (which are one of the
main active ingredients of this preparation) are able to

https://vuzbiochemi.elpub.ru/jour
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stimulate the most important biochemical processes in
germinating wheat seeds (hydrolysis of storage starch,
biosynthesis protein), which form the basis of active
plant growth [14]. In addition, an increase in the dry
weight of pine due to an increase in the content of mac-
ro elements under the influence of a coniferous prepa-
ration containing natural terpenoids was found [5]. The
biological preparation from spruce extract is also a com-
plex product introduced into agricultural practice later
by fir extract, and its full composition and mechanism
of action on plant metabolism is under study. Howev-
er, it is already known that spruce phenolic compounds
play an important role in growth and protection, includ-
ing inhibition due to abiotic stresses [15]. In any case,
the main factor that determines the study and practi-
cal use of such stimulants is their wide effectiveness,
which is not inferior to the level of artificially synthesized
products impact, their undoubted environmental safety,
as well as their contribution to the development of re-
source-saving technologijes in the timber industry.

The creation of forest cultures often occurs at the
reason to the impossibility of restoring forest trees site
in a natural way due to the lack of seed source trees
or with difficult soil conditions. The experimental plot
was located on the outskirts of the city, where there
was no possibility of a quick forest restoration, although
the place was characterized by optimal conditions for
the growth of pine [16]. At the same, the faster growth
of weedy herbaceous vegetation could cause the sup-
pression of slower growing pine during its adaptation to
the forest area. At the experiment, the planting of pine
seedlings on the forest area was carried out in moist
soil and in cool weather. This had a positive effect on
the survival rate of seedlings after their transplantation
into the forest. However, during the following years of
trees growth, there were periods when the atmospheric
temperature significantly exceeded the long-term aver-
age, and there was little precipitation. Observations at
the first three years made it possible to establish that
the biostimulants provided the more active young trees
growth and helped to overcome negative abiotic fac-
tors affecting the survival of pine seedlings during their
growth in the forest area. At the end of the third grow-
ing season, the pine parameters in the variants with fir
extract and spruce extract exceeded the control ones,
which may indicate a positive effect of the this biostim-
ulants on pine growth.

Last time research on the use of biological prepara-
tions from the needles of fir, spruce, pine, larch for grow-
ing seedlings in nurseries has been actively conducted.

These works are carried out in laboratories and field
conditions in nurseries, where their influence on seed
germination, growth and safety of seedlings, resistance
to fungal diseases is studied [5, 6, 17-19].

According to the results of many years of research
conducted in the nurseries of the Sverdlovsk region, the
authors proposed a method “Method for stimulating the
growth rate of Scotch pine seedlings” [20].

Obtaining of high quality planting material for the
main forest-forming coniferous species is only the initial
stage in the process of reforestation. The next important
stage is the transplantation of seedlings into the forest
environment, where the conditions are more stringent
than in the nursery. Planting forest cultures from seed-
lings grown with the use of biostimulants is a pioneer
work, especially in the Middle Urals conditions. Based
on the results of further observations of the Scotch pine
forest plantations, recommendations will be given for
the use of these preparations for growing seedlings and
forest plantations in other regions.

CONCLUSIONS

Ecologically safe preparations of fir extract and
spruce extract, produced from fir and spruce tree
greens, were once used for pre-sowing treatment of
Scots pine seeds. Two-year pine seedlings grown in the
nursery had higher stem heights in experimental vari-
ants with the applying of biostimulants in small doses.

Such growth trends persisted after the planting of
seedlings to the silvicultural area for the first two years.
At the end of third year, the highest values were noted in
the experimental variants, where fir extract and spruce
extract was used in the dose 0.1 ml/kg (+35 and +25%
compared to the control, respectively).

The increased safety and biometric characteristics
in the experimental variants, compared with the control
ones, at the end of the third growing season, allow us
to say that the survival rate and adaptation of the pine
grown with the use of biostimulants in the forest area
was successful. Concluded, there are the positive effect
of fir extract and spruce extract plant growth regulators
for obtaining Scots pine seedlings in nurseries and the
subsequent applying of these plants for the forest cul-
tures creation.

At further experiments, it is necessary to expand
the range of applied doses of biostimulants in order to
clarify their optimal doses for Scots pine. Also, it is nec-
essary to study the effect of biopreparations not only
on pine, but also on other widespread coniferous trees
- spruce, larch, fir, etc.
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