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Abstract. Introduction. Currently, the urgent task is to accelerate the development of alternative
plant protection measures, which is associated with the aggravation of the environmental situation, the
desire to reduce pollution of agricultural landscapes and obtain agricultural products with minimal use of
agrochemicals. Poplar extract is a plant growth stimulant due to the presence in its composition of
saturated and unsaturated fatty acids, lipids, phenolic and polyphenolic compounds, amino acids, essential
oils, vitamins, which provide a stable growth-stimulating effect. The advantages of biological
preparations, based on balsamic poplar, include their low cost, the absence of a negative effect on plant
productivity, high specificity, low toxicity. The main difference between biological preparations and other
plant protection products is that they are able to stimulate the natural protective abilities of the plants
themselves, thereby affecting harmful organisms. The use of such drugs is one of the ways to solve
environmental problems in agriculture and a powerful means of increasing the effectiveness of both plant
protection from phytopathogens and crop production in general. The purpose is to evaluate the stimulating
activity of the extracts of the buds of poplar balsamic Populusbalsamifera on the seed productivity of flax.
The objecvtives: to isolate the sum of flavonoids from balsamic poplar; to establish the growth-stimulating
activity of the extract of the buds of balsamic poplar in relation to flax seeds. Methodology. The method of
obtaining the proposed balsamic poplar extract includes the use of balsamic poplar buds, air drying,
grinding, extraction with 90% ethanol in a Soxlet apparatus, filtration and evaporation until the target
product is obtained. The results. The obtained results and conclusions. In the course of the study,
flavonoids have been isolated from the buds of balsamic poplar. The presence of flavonoids in the ethanol
extract is confirmed by qualitative reactions. The composition of poplar kidney extract has been
investigated by thin-layer chromatography. Conclusion. It has been found that the extract from the poplar
buds mainly contains substances of a flavonoid nature. The results of studying the growth-stimulating
activity of the extracts of balsamic poplar Populusbalsamifera showed high seed productivity of flax of
Tomsk selection in the control group; reproduction conditions have positively affected the yield of flax.
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1. Introduction

More than 5 thousand species of plants grow in Kazakhstan, in the North
Kazakhstan region - more than a thousand species of 95 families of higher plants
[1]. The balsam poplar (Populusbalsamifera) has been chosen as the object of
study due to its wide distribution and availability in the territory of Northern
Kazakhstan.

Poplars, numbering more than 15 species in Kazakhstan, are interesting in
their diversity, reserves and possibilities for practical use. The buds are ovoid
objects with a pointed apex, sticky reddish-brown, 1.5-2 cm long and 0.6-0.8 cm
thick. Balsam poplar grows everywhere in the Northern Kazakhstan [2-3]. A
poplar extract is a plant growth stimulant due to the presence in its composition of
saturated and unsaturated fatty acids, lipids, phenolic and polyphenolic
compounds, amino acids, essential oils, vitamins, which provide a stable growth-
stimulating effect [4]. In the current situation, the use of physiologically active
substances (PAS) deserves special attention: growth regulators, vitamins, humic
substances, antibiotics, organic acids, microelements, etc. Physiologically active
substances in small doses improve nutrition, increase crop yields, and improve the
quality of the products obtained [5].

The advantages of biological preparations based on balsam poplar include
their low cost, the absence of a negative effect on plant productivity, high
specificity, and low toxicity. The main difference between biological preparations
and other plant protection products is that they are able to stimulate the natural
protective abilities of the plants themselves, thereby affecting harmful organisms.
The use of such preparations is one of the ways to solve environmental problems
in agriculture and a powerful tool for increasing the efficiency of both plant
protection against phytopathogens and crop production in general [6]. In the buds
of balsamic poplars growing in the Northern Kazakhstan, the presence of such
compounds as pinostrobin, pinocembrin, chrysin, tectochrysin has been observed
in the composition of polyphenols. apigenin, kaempferol, quercetin, myricetin,
galangin, isalpinin, isorhamnetin, rhamnetin, 2,6-dihydroxy-4'-methoxychalcone
and 4',6'-dihydroxychalcone. Poplar buds also contain protocatechuic, gallic,
transcinnamic, p-coumaric, ferulic, and caffeic acids [7].

The aim of the study has been to evaluate the stimulating activity of balsam
poplar bud extracts on the seed productivity of flax.

Tasks:

1. Select the amount of flavonoids from balsam poplar.

2. To establish the growth-stimulating activity of the balsamic poplar bud
extract in relation to flax seeds.

1. Experimental part
The isolation of the amount of flavonoids from the plant materials. Based on
the results of a qualitative analysis of the main groups of biologically active
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substances, the selection of the optimal extractant was carried out, with the help
of which it seems possible to determine the entire complex of compounds in the
plant materials. The solvent must meet the following requirements: to extract the
active substances from the raw materials to the maximum extent, to be affordable
for the production from an economic point of view, to wet the plant material well
for free penetration through cell membranes. Ethyl alcohol was chosen as the
solvent due to its environmental friendliness, good preservative capacity and low
boiling point. The method for obtaining the proposed balsamic poplar extract with
growth-stimulating activity includes the use of balsam poplar buds, air drying,
grinding, extraction with 90% ethanol in a Soxhlet apparatus for 24 hours,
filtration and evaporation to obtain the target product [8-9].

Identification of flavonoids in the obtained extracts. Identification of
flavonoids was carried out using the method of thin layer chromatography and
color reactions with 2% aluminum chloride, Synod's test, Briant's test, 1% lead
acetate solution, 10% sodium hydroxide solution.

To conduct a qualitative analysis, a 5 g sample of dry raw materials, crushed
to 1-2 mm, was poured with 90% ethyl alcohol to 50 ml and boiled in a water
bath under reflux for 2 hours.

Quantitative determination of the amount of flavonoids in plant materials.

To quantitatively determine the content of flavonoids in the balsamic poplar
extract, the reaction of complex formation of flavonoids with aluminum chloride
in a slightly acidic medium by spectrophotometry was used, since this reaction
gave the most stable results. To do this, the raw material was crushed by crushing
to 0.4-2 mm, then a sample of 1 g of the crushed raw material was placed in a
flask with a thin section, 30 ml of 90% ethanol containing 1% concentrated
hydrochloric acid was added, and heated in a water bath for 30 minutes with
reverse refrigerator. Cooling was carried out under running cold water to a
temperature of 20 degrees. The contents of the flask were filtered through a paper
filter into a volumetric flask with a capacity of 150 ml. The above process was
repeated two more times, the combined extracts were filtered into the same
volumetric flask, the volume of the filtrate was adjusted to 150 mm with 90%
ethanol (solution A).

2 ml of solution A was placed in a volumetric flask with a capacity of 25 ml,
1 ml of a 1% solution of aluminum chloride in 95% ethanol was added and the
volume of the solution was adjusted to 25 ml with 95% ethanol; after 20 minutes,
the optical density of the solution was determined on a spectrophotometer at a
wavelength of 430 nm in a 10 mm cuvette. The reference solution was prepared
as follows: 2 ml of solution A was placed in a 25 ml volumetric flask and the
volume of the solution was brought to the mark with 95% ethanol.

The content of the sum of flavonoids in terms of quercetin and absolutely dry
raw materials was determined by the formula:
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_ D¥100%100+100%25
T 764,6xmx2+(100-w)’

where D is the density of the test solution; 764.6 - specific absorption index
of the complex of quercetin with aluminum chloride at 430 nm; m is the mass of
raw materials in grams; w - weight loss during drying of raw materials in%.

Evaluation of the effectiveness of the balsam poplar bud extract on the seed
productivity of northern flax. The buds were crushed to a size of 0.4-2 mm,
ground to a homogeneous mass, extracted with ethanol for 24 hours when heated
in a water bath at 60 degrees. The extracts were then filtered through two layers
of cloth. Flax seeds (50 pieces each) were germinated in Petri dishes in 0.5%
solutions of the studied extracts in the light at 20-22°C for 20-24 hours. Distilled
water was used as a control. The count of germinated seeds in the experiment was
carried out after reaching a 50% level of seed germination in the control, using a
3-fold repetition.

2. Results and discussion

The composition of the extract of poplar buds has been studied by thin layer
chromatography. In the system petroleum ether-ethyl acetate-acetic acid (4:2:0.1)
on a Silufol plate. Inspection of the chromatogram has shown the presence of a
large number of spots. Spots have been identified under the action of ultraviolet
light. The Rf values, color, in visible light and under UV, of the detected spots are
shown below (Table 1).

Table 1 - Thin layer chromatography of the poplar extract

No. | oy Spot color in visible light Spot color in UV Assumed

spot compound class
1 0.58 Light yellow Bright yellow acids

2 0.47 Lighty ellow Dark brown acids

3 0.37 Light yellow yellow flavone

4 0.29 Light yellow Dark brown flavonol

5 0.24 No No flavonol

6 0.18 yellow-green Dark brown flavone

7 0.05 orange red-brown pigments

. start red-brown red-brown polyflavonoids

Identification of flavonoids during color reactions with 2% aluminum
chloride, Synod's test, Briant's test, 1% basic lead acetate solution, 10% sodium
hydroxide solution shows the following results. As a result of the qualitative
reactions, characteristic reaction results have been obtained in all studied samples,
confirming the presence of flavonoids (Table 2).
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Table 2 - Color reactions for flavonoids

Qualitative reaction Observation Reaction results

Reaction with 2% | Yellow staining +

aluminumchloride

Sample of the Synod Orange-red coloration +

Briant'stest The both layers (octanol and | The raw materials contain

the original phase) were stained | flavonoids both in the form of
glycosides and in the form of

aglycones
Reaction with a 1% solution of | Pink staining +
lead acetate basic
Reaction with 10% sodium | Green staining +

hydroxide solution

The determination of the presence of flavonoids in the initial alcohol extract,
obtained from the balsam poplar buds has been carried out using UV
spectroscopy (Figure 1).

Figure 1 shows that the UV spectrum of the alcohol extract of balsam poplar
buds has a main absorption maximum at a wavelength of about 290 nm. Similar
results have been obtained for a pinostrobin sample solution [10-11]. In addition,
this region of the UV spectrum contains one of the absorption maxima of
hydroxycinnamic acids, in particular ferulic acid (A max 291 nm), which are
present in poplar buds. It is known that a solution of caffeic acid (A max 299 nm),
also found in the extract from poplar buds, has a similar UV spectrum [12]. The
comparison of the obtained results with the literature data has made it possible to
conclude that the nature of the absorption curve of the poplar bud extract is
determined mainly by the substances of a flavonoid nature.

D, eon
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0 -+ = = = = = = = = = = A. HM

240 250 260 270 280 290 300 310 320 330 340 350
Figure 1 - UV spectrum of the alcohol extract of balsam poplar buds

One of the most important functions of phenolic substances is their
participation in the process of respiration due to reversible oxidation and
reduction; in addition, these compounds also perform protective functions in
plants, associated with the exposure to the adverse environmental conditions [13—
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14]. Phenolic compounds are involved in the process of plant growth, acting as
stimulants, and are formed most intensively in young, vigorously growing tissues,
which include plant buds [15-18].

The effectiveness of the growth stimulator on the seed productivity of
northern flax has been carried out according to two options: option 1 - control,
soaking the seeds in distilled water; option 2 - soaking the seeds in a 0.05%
aqueous solution of poplar bud extract.

As can be seen from the data in Table 3, there is a significant difference in
the growth-stimulating activity of the drug Option 2, that is, poplar bud extract.
Compared to the control, in which the germination energy is 54-60%, the
introduction of the poplar bud extract increases the germination energy up to 86-
88%.

Table 3 - Parameters of the quality indicators of northern flax seeds

No. Parameters Number of germinated seeds, pcs
Variant 1 Variant 2

1. Days
1 Missing Missing
2 24-29 48-52
3 53-39 65-70
4 61-63 81-85
5 64-66 89-94
6 69-73 94-100
7 76-80 100
8 80-85 100

2. Germination energy, % 52-58 83-87

3. Germination, % 80-85 100

The effect of treatment of seeds and crops of flax with the extract from the
balsam poplar buds, collected in the awakening phase, on the productivity
indicators is presented in Table 4.

Table 4 - The effect of seed treatment and flax crops with the extract from the balsam poplar buds,
collected in the awakening phase, on the productivity indicators

Parameters Values
1 | Additional seed dressing efficiency, % 15.2
2 | Increasing the laboratory energy of seed germination, % 9-10
3 | Increasing laboratory germination, % 2-3
4 | Increase in the field germination, % 8.9-9.4
5 | Decrease in weedseeds, % 32-44
6 | Increasing the germination energy of the grown seeds, % 15-18
7 | Increasing the germination of the grown seeds, % 3-4
8 | Additional productivity, c/ha 2.8-3.3
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The effect of the drug on the process of growing flax:

- pre-sowing treatment of seeds with the drug increases the energy of
germination and seed germination, forms a powerful branched root system,
increases the resistance of plants to diseases and adverse climatic conditions
(drought, low temperature, soil salinity);

- pre-sowing treatment of seeds with the preparation is compatible with seed
treatment with disinfectants, enhances their effectiveness, while the need for the
latter is reduced by 30-50%;

- foliar feeding of crops with the preparation in the tillering phase increases
the intensity of plant respiration by 2-4 times, the intensity of transpiration (water
consumption) decreases by 1,8-2,4 times;

- foliar top dressing of crops with the drug is compatible with the treatment
of crops with herbicides, without reducing the effectiveness of weed damage,
while there is no onset of a disease state of crops after treatment with herbicides;

- an increase in sowing density by 10-11%, a decrease in infectious diseases
by 39-47%, a decrease in weed infestation by 25-42%.

4. Conclusion

During the study, flavonoids have been isolated from the balsam poplar buds.
The presence of flavonoids in the ethanol extract has been confirmed by
gualitative reactions.

The composition of the extract of poplar buds has been studied by thin layer
chromatography. It has been established that the composition of the extract from
poplar buds mainly contains substances of a flavonoid nature.

The results of studying the growth-stimulating activity of the extracts of
balsam poplar Populusbalsamifera have shown high seed productivity of flax of
the Tomsk selection in the control group. Reproduction conditions has had a
positive effect on the yield of flax.

Thus, balsamic poplar extract has a high stimulating activity and can be used
as a natural plant growth stimulator.

Conflict of Interest: The authors declare that they have no competing interests.

POPULUSBALSAMIFERA BAJIb3AM/Ibl TEPEK BYMAPEI'T ChIFBIH/IbIJIAPBIHBIH
DJIIABOHOUATAPBIHBIH OCYIH BIHTAJTAHABIPATBIH BEJICEHALJIIK
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Tyiiingeme. Kipicne. Ka3ipri yaksITTa eciMIikTepai KOprayabH OanaMa mapaiapblH KeAeaaeTy MiHIeTi
TYp, OyJI KOJOTHSUIIBIK XKaFIaiIbIH HalllapilayblHa, arpOXHMMHKATTap/bl OapblHIIA a3 MaiiajgaHa OThIPHII,
ArponannmadTTapablH JIACTaHYBIH a3aiTyra jKoHE aybLIIApYaIlbUIBIFl OHIMIEPIH allyFa YMTBUTy MEH
GaitmanbeicTel. Tepek CBHIFBIHIBICHI KYpaMbIHIA KAHBIKKAH JXOHE KaHBIKIAFaH MAaiKbIIIKbULIAPHIHBIH,
JMOUATEPAIH,  GEHONAbl  JKOHE  HOIM(EHONIbl  KOCBUIBICTAPABIH,  AMHHKBIIIKBIIIAPBIHBIH,
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s¢upMainapblHbIH, TYPAKThl ©CY/i BIHTANAHIBIPATHIH OCEPAlI KaMTaMachl3 €TeTiH IopyMEHICpPIiH
OolyblHa OaifTaHBICTBI OCIMIIKTEPIIH ©CYiH BIHTAIAHABIpaTbl. Tepek Oanb3aMblHA HETI3JENTeH
OHOJIOTHSIIBIK, [TPeHapaTTapAblH apTHIKIIBUIBIKTAPbIHA OJap/bIH TOMEH KYHBI, OCIMIIKTEP/IIH OHIMIUIIrH
eTepiC ocepeTneyi, KOFapbl EPEeKIICNiri, TOMEH YBITTBUIBIFBI JKaTaJbl. BHONOrHSIIBIK MpenapaTTapIbH
eciMIiKTepAl KOprayiblH Oacka KypaljapblHaH OacThl allbIpMAallbUIBIFBI-0JAp ©CIMIIKTEpAiH TaOHFu
KOpPFaHBIC KaOileTTepiH BIHTANAHABIPYFAa KaOLIeTTi, OChUIAWIIA 3HUSHIABI OPraHU3MJEpPre ocepeTesi.
MyHaaii nmpenapaTTapibl KOJAAHY aybUIIapyallbUIbIFbIHAAFEl DKOJOTHSUIBIK MOCceNeNepai ey i
OipKOIIBI JKOHE OCIMIIKTEp/l (PUTONATOTSHIEP/ICH JKOHE JKaMIIbl 6CIMAIK MapyalIbUIBIFBIHAH KOPFAYIbIH
THIMIIIITIH  apTTBIPYABIH KyaTThl Kypajabl Ooibln TaObuiamsl. JKymsic maxcamvr —Oanb3aMIbIK
populusbalsamifera  Tepex  Oypuiiri  CBHIFBIHABUIAPBIHBIH ~ 3BIFBIP  TYKBIMBIHBIH  OHIMIiIiriHe
BIHTAJIAH/IBIPYLIBI  OCNCeHAUTIriH Oaranay. Mingerrepi: Oanb3aMIbIK TEPEKTeH (IaBOHOMITAP/bIH
KOCBIH/IBICBIH OOJIIIT aly; 3bIFbIP TYKbIMBIHA KATHICTHI 0aab3aM/IbIK TEPEK OYPIIIri ChIFBIHABICHIHBIH OCYIH
BIHTAJIAH/IBIPATHIH OCJICEHALTITIH aHbIKTay. OJicmep. YCHIHBUIFAaH Oallb3aM/IBIK TEPEK CHIFBIH/BICHIH ally
Tocimi, Oanp3aMIBIK TepeK OyplIikTepiH maiimanaHynasl, ayana Kentipydi, yHrakrayasl, Cokcie
tanmnaparsiaaa 90% sTaHONIBI alydbl, MAaKCATThl OHIMAI aiFaHfa JeifiH cy3yni jkoHe OymaHIBIPYIbI
KaMTHIbl. Homudwcenep owcone mankwiaay. 3epTrey OapbIChiHIa Oanb3aM TEperiHiH OypIuiKTepiHeH
(aBoHOMATAD OKLIAYNAHIBI. DTAHOJ CHIFBIHABICHIHAA (DIIABOHOMATAPIBIH OOyl camaibl peakiusiap
apKbUIbI pacTajiajpl. Tepek OyHPEeKCHIFBIHIBICHIHBIH KypaMbl JKYKa KabaTTel Xxpomarorpadus omiciMeH
seprrenai. Tyowceipuiv.  Tepexk OyplIiKTEpiHEH allbIHFaH CHIFBIHABIHBIH  KYpaMbIHAA HETi3iHEH
(GIaBOHOMATHI CHUMATTAFBl  3aTTap Oap CKeHAIri aHelKTanusl.  bamssamasik  populusbalsamifera
TEPEKCHIFBIH/IBUIAPBIHBIH OCYIHBIH TANAH/IBIPATHIH OCJICEHIUTITIH 3epTTey HOTHXKEIepl Oakpuiay TOOBIHIA
TOMCK CeneKIHSIChIHBIH 3bIFBIPBIHBIH JKOFAPhI TYKBIM OHIMIUTINIH KOPCETTi; KoOew kKaFaailnapsl 3bIFbIP
OHIMIUTITIHE OH 9CEPETTi.

Tyiiingi cesmep: ¢uasonouarap, Populusbalsamifera, ecimai bIHTamaHABIPATHIH — GEJICEHILIK,
SBIFBIPTYKBIMBI, CHIFBIHIBI
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Pe3tome. Beeodenue. B HacTosimiee BpeMst OCTPO CTOMT 3a/laua YCKOPEHHOH pa3pabOoTKu allbTepHAaTHBHBIX
Mep 3alIMThl PACTEHMH, YTO CBA3aHO C YCYryOJeHHEM OKOJOTMYECKOH CHTyallHH, CTPeMIIEHHEM
YMEHBUINTh 3arpsi3HEHHE arpoNaHAmadToOB HW IIOTyYaTh CEIBCKOXO3SAMCTBEHHYH TMPOMYKIHIO C
MHUHHUMAJIBHBIM HCIOJIb30BAHNEM arpOXMMHKATOB. JKCTPAKT TOMOIS SBISIETCS CTUMYISTOPOM pOCTa
pacTeHnii Onaroapsi HAJMYMIO B CBOEM COCTABE HACBHIMICHHBIX M HEHACHILICHHBIX JKHPHBIX KHCIIOT,
JIMIUI0B, (EHONBHBIX W TONH(MEHONBHBIX COSIUHEHHH, aMHUHOKHCIIOT, S(UPHBIX Macei, BHTaMHHOB,
KOTOpBIE 00ECIIEUNBAIOT CTAOMIBHOE POCTOCTHMYIHpYFOIIee AeiicTBre. K JOCTOMHCTBAM GHOIOTHYECKHX
MPEapaToB Ha OCHOBE TOMOJS 0agb3aMHYECKOr0 MOXKHO OTHECTH MX HH3KYIO CTOMMOCTB, OTCYTCTBHC
OTPHLATEIBHOTO BIMAHHSA Ha [PONYKTHBHOCTH PACTEHUH, BBICOKYIO CHEUU()HYIHOCTb, HH3KYIO
TOKCHYHOCTh. OCHOBHOE OTJIMYHE GHOJIOTMYECKHX MPENapaToB OT OCTAIBHBIX CPEACTB 3alUThl PACTEHHIT
COCTOMT B TOM, YTO OHH CIIOCOOHBI CTHMYJIHPOBATh CCTECTBEHHBIC 3aI[MTHBIC CIIOCOOHOCTH CaMHX
PACTEHHIA, BIHSSI TEM CaMbIM Ha BPEAHbIE OPraHU3Mbl. [[pUMEHeHHe TaKUX MPENapaToB sABJISETCA OJHUM
U3 IyTell pereHus SKOJIOrHYECKUX TIPOOJIeM B CElIbCKOM XO35iCTBE U MOLIHBIM CPEJCTBOM MOBBIILIECHHS
5} (HEKTUBHOCTH KaK 3alIUTBHI PACTCHHH OT (HUTONATOrCHOB, TAK W PACTCHUEBOICTBA B IIEJIOM

ILlenp - OUCHHUTH CTUMYJIUPYIOUIYIO AKTHBHOCTH 3KCTPAKTOB MOYCK TOMOMS Oalb3aMHYECKOTO
Populusbalsamifera wa cemeHHyr0 NpOAYKTHBHOCTD JIbHA. 3aJa4d: BBIACIUTH CYMMY (JIABOHOHIOB M3
Tononst 6aIb3aMHYECKOr0; YCTAHOBUTh POCTOCTHMYIHPYIOLIYIO AKTHBHOCTh 9KCTPAKTa MOYEK TOINOJIS
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0anb3aMUYECKOro IO OTHOILICHUIO K CeMeHaM JibHa. Memooonocusi u HaydHbele noaxonbl: Croco0
MOJTy4YeHHsT TIPEIaraeMoro SKCTPAaKTa TOMOJsS 0ajb3aMHYECKOrO, BKIIOYAET HCIONB30BAHUE IOYEK
TomoJsl Oanb3aMHYECKOro, BBICYLIMBAHHE HA BO3/yXe, U3MENIbUCHHE, JKCTpakiuio 90% OSTaHOIOM B
anmnapare Cokciera, (GUIBTPALMIO U yIapUBaHHE O MOJYYCHHs IIEIEBOro NMpOAyKTa. Pezynvmamol u
obcyscoenue. B mpouecce wucCcClnenoBaHHS ObUIM  BbLACICHBI  (IABOHOWABI M3 MOYEK TOIMOJIS
Ganp3amuueckoro. IIpucyrcTBue (hIaBOHOHMJOB B 3TaHOIBHOM JKCTPAKTE HMOATBEPXKICHO C IOMOIIBIO
KaueCTBCHHBIX peakUuid. BbUI HCClIeNOBaH COCTaB IKCTPAaKTa IOYEK TOIOJS METOAOM TOHKOCIOHHOM
xpomatorpapun. Buleoobl. YCTaHOBICHO, YTO B COCTAaBE JKCTPAKTA M3 IMOYEK TOMOJS B OCHOBHOM
cojiepXKaTcsl  BellecTBa (DIIABOHOMIHOM MNPUPOABLL. Pe3ynbrarhl HM3y4deHHsT POCTOCTHMYJIHMPYOLIEH
aKTHBHOCTH JKCTPAaKTOB TOmONs Oamb3amuueckoro Populushalsamifera mokasami BBICOKYIO CeMEHHYO
MPOJAYKTUBHOCTb JIbHA TOMCKOIl CEJEKIMH B KOHTPOJIbHOH TpYIIE, YCIOBHUS BOCHPOU3BOJICTBA
OJIOXKUTEILHO MOBJIMSUIA Ha YPOXKAHHOCTD JIbHA.

KimoueBnie caoBa: ¢uasonoumasl, Populusbalsamifera, pocroctumynupyrommas akTHBHOCT, CeMEHA
JIbHA, KCTPAKT

Ilonaxoe Bnaounen Bacunvesuu Ipogpeccop, dokmop xumuyeckux Hayk
Mewanosa Anna I'ennaovesna Jloxmopanm
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