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OoHiTeTiB Ta OJMM3bKI MUHAMiuHiI TeHOeHUil nmoka3Huka. lepeBoctanu Il kmacy
6onitery obox EOI' y TJIY D,-DsmepeBaxatoTb y 3Ha4eHHSX aOCOMFOTHOT
noBHOTH smuYHUKK y TJIY Co-Cs.

5. Ha mixcraBi onparfoBaHHS €KCIIEPUMEHTAJIBHUX JaHUX METOJOM perpeciifHoro
aHasizy, JOBEAEHO, LIO 3arajioM HalBULIMMM 3HAUEHHSAMM 3arajlbHOro 3amacy
XapaktepusyioThca summaankn 1P kacy Gomitery ycix EOI o6ox rpyn TIIY,
npuyomy simuHukun [ EOI y TIJIV D,-DznepeBaxkatoTh 3a 3HauY€HHSIMHU
3aransHOrO 3anacy sutmaaukn [I EOT. 3araneni 3amacy st sSnuYHAKIB 1P knac
Gomitery y Biumi 120pokie 3minorothes Binm 782w ratno 847mira’.
HaiiHwxunmy 3HaueHHAMU XapaKTepH3yIOTECS ATHIHUKH I xmacy 6onirery I
EOI' y TJIY C,-Csg, siKi € Ha piBHi 341M ra’,
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Tpunux I'T". luHaMHKAQ OCHOBHBIX TAKCALMOHHBIX MOKAa3aTesleil MUXTOBBIX

JAPEeBOCTOEB Pa3HbIX IKCNO3NLHOHHO-Oporpaduyeckux rpynn Ykpaunckux Kapnar

PazpabGoranHbie MOJENN POCTa B BBICOTY U IO JUAMETPY, MOJEIN JTHHAMUKH OTHOCH-
TeJbHOI M aOCONIIOTHOM MOJHOT APEBOCTOEB M OOIIMX 3aracoB Ul MOJAJIbHBIX MHXTOBBIX
TOPHBIX IPEBOCTOCB PA3HbIX KIACCOB OOHUTETA a/IEKBATHO OIMCHIBAIOT OCOOCHHOCTH POCTa B
npejienax BbIICICHHBIX SKCITO3UIMOHHO-oporpadmaeckux rpymm (EOI) u B Tumax jecopac-
tutebHbIX yenosuii (TJIY) Co-Cau D-Ds. KooduimeHTsl ypaBHEHHIA onpe/ieieHbl ¢ COOT-
BETCTBYIOIIEH TOUHOCTBIO. J[JIsl MUXTOBBIX JIPEBOCTOEB MAaKCUMAaTIbHBIMU 3HAYCHUSAMH CpEll-
Heil BBICOTBI IPEBOCTOCB XapakTepusykoTes apesocton |° kiacca GoHuTEeTa 0GEHX TPYIIT TH-
noB Jiecopactutenibbix yenosuii (TJIY) | u I1 EOI'. OcoGeHHOCTH JAMHAMUKH OTHOCHTEITb-
HO# TOJIHOTBI SIBJISIOTCS aHAJTOTMYHBIMM — MAKCUMAaJIbHbIC 3HAYCHHS TIOKA3aTeNsi OTMEUCHBI
TaKke JUIs ApeBocToeB |- kiacca OoHMTETa. MakcHMalbHbIC 3HAYECHUS OCTATBHBIX TAKCALH-
OHHBIX Moka3zareneit ucciaenyembix apesocroes | u [l EOI' B TJIV C,-Czormeuenst B ApeBoc-
tosx 1" knacca Gonurera, a B TJIV Do-D3 —B apeBoctosx I° kiacca.

Kniouesvle cnoea: ropHbie MOJAIbHbBIE IMXTOBBIE IPEBOCTOM, IKCIIO3ULIHOHHO-0POrpa-
(rueckyie rpyInmbl, TaKCAMOHHbBIC TOKA3aTeNH, JMHAMUKa TaKCALMOHHBIX MOKa3aTeei.

Hrynyk H.H. The Dynamics of Assessments Indexes of Silver Fir Forest
Stands of Different Exposition-Orographic Groups of the Wrainian Carpathians
The developed patterns of growth according to hedgid diameter, models of dyna-
mics of relative and absolute stocking forest staad general supplies for modal silver fir
mountain forest stands of different stand quallpsses adequately describe the features of
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growth within the limits of the selected expositiorographic groups (EOG) and in type site
conditions (TSC) of €Czand in to TSC of BDs. The equalizations coefficients are
determined with the proper preciseness. ForestistahP stand quality class of both groups
of TSC on | EOG characterize silver fir forest stanthe maximal values of forest stands he-
ight. Some features of dynamics of relative stogkane analogical — the maximal values of
index are marked similarly for forests stands’aftand quality class. Maximal values of other
assessments indexes of probed forests standsdfll BOG in to TSC of &Czare similarly
marked in forest stands éfdtand quality class, and in to TSC ofDs — in forest stands of |
stand quality class.

Keywords: mountain modal silver fir forest stands, exposit@ographic groups, as-
sessments indexes, dynamics.
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HETEROBASIDION ANNOSUM ROOT ROT INFECTION DEVELOPMENT IN
SCOTS PINE AND EVALUATION OF THE EXPRESSION LEVELS OF LIPID
TRANSFER PROTEIN AND DEFENSINS IN INFECTED TISSUES
Heterobasidiorannosumis a causative agent of the root and butt rotapukars to be
one of the most economically important conifer pgéms, which causes havoc in boreal fo-
rests at northern hemisphere. Despite biology a@mtics of this fungus is well studied, the
mechanisms of defense responses and resistan@gedfges are still unclear. Recent advan-
ces in transcript profiling and molecular charaetgion of pathogenicity factors approached
us in our understanding of this system. In thislgtwe showed features of the development
of pathological process in Scots pine saplings edwsthannosunroot rot at different peri-
ods of their growth and changes in expression $ev€h lipid transfer protein and defensins
by semi QRT-PCR

Keywords:Scots pine, defensin, lipid transfer protein, @sgionannosunroot rot

Introduction . Conifer trees in Ukraine make up 23 % of total foeeefn, and
in Polissya that area is 64.5 % making them very impbttaa species in Ukrainian
forestry[1]. Maintenance of healthy stands is a guarantee of qualibgtfpreservati-
on, but in nature is impossible to reach such stateldoffactors are contributed to
the forests formation, which positively or either negativaffect the stands quality.
Among those factors the disease management is one thaedaproved by a hu-
man. Thus development of the effective methods ofdisenanagement is very im-
portant by mean to prevent significant losses in bdogests.

The root and but rot caused bleterobasidionannosumis one of the most
destructive diseases of conifers in the northern hgmaig[2]. Despite biology and
genetics of this fungus are well studied, the mechanizndefense responses and re-
sistance of pine trees are still unclear. Plant-pathodgeragtions are well documen-
ted in crops, giving us the knowledge about gene régaolan those systenis]. Evo-
lutionary gymnosperm and angiosperm are quite distiraps that separated from
each other several hundred million years gtjoDespite their separation, main mec-
hanisms and defense strategies towards pathogenanvasboth groups should be
conserved5]. Generally, in woody plants, plant defense mechanisoraprise pre-
formed and inducible physical and chemical barfigfsPreformed barriers are repre-
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sented by bark and cuticular waxes and chemical defecmmprise a range of anti-
microbial compound§6]. Recognition of potential pathogen triggers a casoadie
ochemical reactions from primary and secondary mésa¢7]. Important place in
defense response belongs also to the antimicrobialdpgsptihich directly or indi-
rectly involved in plant protection. Those proteins aidespread through the plant
kingdom and are well studied in croj® 9. Recently a lot of attention was attracted
to role of those proteins in coniferous tré#8, 11, 12. As few of them are well cha-
racterized in conifers, including Scots pine, functiohshe rest remain uncertain. In
this study we describe the development of the infedtigrine saplings caused by
annosumand evaluate the changes in transcription level of t@ops of antimicrobi-
al peptides: Scots pine lipid transfer protédsl(TPL) and defensindeDell-PsDeft).

Materials and methods Sapling inoculation. Experiments were carried out
from August 2011 to August 2012 using 3 years old Spints seedlings, grown on
research field of UNFU Botanical garden. THieannosunstrain 1-10 was inocula-
ted into the stem at 8 cm above the ground by cuttibignia small bark flap using a
scalpel. A small amount of potato-dextrose agar (2xBrT) containing actively
growing mycelium was placed underneath the bark fiapssed firmly against the
stem, and sealed with parafilm. The control was madeersdme way but without
mycelia. Both, control and experimental groups contairf@esegdlings. The infection
was monitored in a few time periods: 1 month, haléaryand one year after inocula-
tion. After the experiment was over, the samples welleated and the cuts were
made from inoculation zone, 2 cm above and 2 cm beélmwvplace of contact, to
evaluate the development of the infection using light rsimopy. The samples were
examined at binocular and later the pictures were taken.

semiQRT-PCRTo measure the expression patterns of LTP and siaferthe
samples were taken from infected and healthy saplingsehssvfrom the roots of
80 years old Scots pine trees, healthy and naturalpctied. The levels of gene
expression were checked on the mRNA level using a P&Ritpie. mMRNA was ob-
tained using modified method of lithium-chloride ppatEition by Changl13]. Primer
pairs were picked up according to the sequences reageplysited by us in Gen-
Bank: PsLTPL (Acc.No. JN980402.1)PsDefl (Acc.No. EF455616.1)PsDep
(Acc.No. EF455617.1),PsDeB (Acc.No. JN980401.1) and’sDe#t (Acc.No.
KJ601732.1). As a control for the reaction, we chbgehouse-keeping gefrPL44
(Acc.No. EL342388.1), which also was used for thewation of the relative values
of the expression level. PCR was run for 35 cyclestireemal cycler using the prog-
ram: 95°C, 1 min; 54C, 1 min; 72C, 1 min. The PCR products were electrophoresi-
zed on a 1.5 % agarose gel and visualized with ethititomide staining and pho-
tographed. Densitometric analysis was run with SofteroAnalyzed 4.0.

Results. Anatomical response of Scots pine stem tissuedungus infected
inoculation. Development of the pathological process causing inoculatittmH. an-
nosumat different time points was monitored by cross-sest{®ig.1). One month af-
ter inoculation (August-September) was observed faomadtf cone-like necrotic zo-
nes (brown) traced to the piffihe inoculation site was abundantly soaked with resin.
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Control April-September August-August

Fig 1. Development of pathological process in thegstems, infected with H. annosum
mycelia at different periods. Cross sections of fliee stems infected at different time
points and non-infected saplings) necrotic zone; p) resin pocket; r) resin. Cuctkimess 1-
1.5 mm (Magnification 32 x. Division 1 = 0.5 mm)

The way of mycelia spreading, depends on the seasuai¢h the pathologi-
cal process takes place. During inoculation started ail #lp September, necrotic
zone was localized on the pith with cone-like structurd primary sapwood has
grown on the place of contact. Due to intensive cambieifa proliferation, the new
wood layer with increased number of resin ducts was ddrnin turn, this led to
pitch-resin pocket formation, filled with resin inhibig the spreading of mycelia into
primary wood of current year. On pine seedlings cutssevhere infection was deve-
loped at dormancy period, (end of September — Marct®nsive resin production
was observed on damage areas as well as formatioconfealike necrotic zone from
bark to pith.In case, when infection was developed during a yeatirsy from Au-
gust, necrotic zone reached the pith stem and spremglaid of previous year. On the
edge of annual rings the resin pocket was formed arldgigmented spots appeared
in the wood. Due to intensive proliferation of the camfj the layer of sapwood
with increased quantity of the resinoids filled with resin feamed, restricting the
spreading of the mycelium onto the wood of the curgeyar. In the sapwood of
control plants, which were only wounded, formation afreids wasn't detected.

Analysis of the pathological process development ifouarseedlings sho-
wed variability in the resistance degree towards pathodengi. On the Fig 2 is il-
lustrated that the less resistant sapling (A1-A3) didnehwell-defined necrotic co-
ne, its tissue accumulated a large amount of the resifoaméd brown spots at so-
me distance from inoculation point. On the contrary,ntoge resistant sapling (B1-
B3) formed a clear conical area bounded by the e No pigmented areas were
observed at a distance of 2 cm.

AMP gene expressionDuring infection process was investigated the expres-
sion pattern of two groups of antimicrobial peptidekich supposedly are involved
with plant defense reactions — lipid transfer protein andrairfis, the last one inclu-
ded 4 genesPsDetfl, PsDeR, PsDeB andPsDefl). To measure the changes in the
expression pattern of defensins in three years old gaplings infected withnno-
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sumroot rot, the total RNA was extracted from the radial ofitsontrol and experi-
mental samples, 5 of eadmfection in the stem has evolved over a moRhsults
are presented on a Fig.3.

Fig 2. Spreading of the root rot mycelium in theest of 3 years old pine sapling one month
post inoculation.A and B — independent samples. Al, B1 — stem cuissnade 2 cm above
the inoculation zone; A2, B2 — stem cross-cuts fiwrinoculation zone; A3, B3 — stem
cross-cuts made 2 cm below the inoculation zorengcrotic zone, r — resin)
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Fig.3. Analysis of PSLTP1 and defensins expressioithe Scots pine tissues of saplings (1-
4) and adult trees (5, 6) electrophoregram of the RT-PCR products obthinem RNA of
3 years old pine saplings inoculated with mycefitdoannosum (2) from the zone of
inoculation and 4- 2 cm above), and the controlisgg inoculated without mycelium
(1) from the zone of inoculation and 3-2 cm abo8e§) expression patterns of samples
obtained from roots of 80 years old Scots pinethgdtees (5) and naturally infected with
root sponge (6). M) GeneRuler 100 bp Plus DNA Ladiélermentas). Right arrows indicate
the PCR-products: PsLTP1, PsDefl, PsDef2, PsDef3'laouse-keeping" gene RPL44.
B) the values of the expression level of PsLTPdutated relative to RPL44.
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On the figure 3 is pointed out that expression levelslidhvestigated genes
in control samples from the zone of inoculation and atihe damage area show dif-
ferent expression patterns. In inoculation site wagmies decreasing of the expres-
sion level ofPSLTPL by 63 % compared to the corresponding control sampie si-
milar pattern was followed by defensins: the levels RgDell, PsDeR and
PsDe8 transcripts in the infected stems were significanthyelo than in control
sample. When measurements were taken above the inonutaa, the expression
levels of PSLTPL, PsDefl, PsDeB were 2.3-, 2.9-, 2.7-times lower respectively, whi-
le compared with controPsDe® transcripts level was on 70 % lower in sapwood of
infected saplings than in corresponding control samméallyy opposite results was
obtained while checking the expression levelsPsL.TPL and PsDef in roots of
80 years old pine. Three of four genes showed stmrggexpression: levels of
PsSLTRL, PsDell andPsDe8 transcripts were 2.2, 1.8 and 3.5 times highenfected
organs in comparison with non infected. As ReDeR, the expression level in the
root superficial parts of infected trees was lower By& comparing with control.
Besides defensin genes mentioned above, semi QRT-PGRuwaalso for another
genePsDeft, for which the same set of experiments was perfdroug no transcripts
of this gene were present in examined plants.

Discussion In wood trees the first line of defense towards ckffie pathogens
is presented by bark. Mechanical barrier of the stiamdfied walls together with
chemical properties of the phenolic compounds creatiifamctional blockage for
pathogens. But even tiny lesions on the bark can saneedoorway for infection, es-
pecially if the last one is caused by aggressive decdyimgj such as root sponge,
which appears to be very invasive wood destroyer. d&mow, the spreading rate of
the infection depends on many factors: stand type oy, forest composition, soil
properties, including pH and the temperafdrgl. As known the infection process in
pine caused bgnnosunroot rot is well documented we decide to use that knaeled
in our study. Using pure mycelia of the pathogen andyaqpit under the bark, we
monitored the development of the pathologic process imggine saplings. Previ-
ously Skipars used the method of the inoculation unddpdheto estimate the resis-
tance of individual adult trees to taanosunroot rot. Mean length of the pigmented
areas, above and below the inoculation zone, whichlaf@e@ in the phloem 30-
40 days after inoculation, served as a criterion fomesion of plant resistandd.7].
Our investigation show, that to measure resistaneeafathe individual stands, it is
necessary to estimate the spreading of the spongetonly on the vertical but also
on the horizontal planes, as different tissues have eliffeesistance rates.

Since infected samples were grown at the same edaplddioos, equal in
age and by morphometric criteria, and infected in same way, obtained results
show different resistance rates in each individual tasardsannosunroot rot. This
can be explained by the differences in their genotyptseret depends on physi-
ology of each individual plant. Defense mechanism iy eemplex, so for it proper
functioning well coordinated work of each link is acessity.

At artificial infection, all protective mechanical barriengre destroyed, so
the rest of the defense were passed to next level girdihection, in particular to the
antimicrobial compounds involved in secondary metabolishich are synthesized
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due to the activation of the specific genes expresgl@h Using transcriptomic
analysis was shown that plant infection is followed witkthtover- and down regula-
tion of a variety of genes involved into many keyqasses in plant physiology. Up-
regulation revealed for genes involved into oxidativ@ecpsses and in secondary me-
tabolism, including phenylpropanoid pathway and down régdlgenes mainly were
linked to photosynthesid9]. Dealing with the infection includes positive as well as
negative regulatory mechanisms. Supposedly gene repressssociated with down
regulation of non essential activities in cell andbitipation of all resources to deal
with the challengé7].

Defensins and LTP, examined in this study belong tedifft families of an-
timicrobial peptides: PR-12 and PR-14 respectiy2ly, 2]. There are a lot of data
available about their role in wide range of cellular agési including cell signaling,
growth, development and plant defefi2®, 23. Previously we revealed that both de-
fensin and LTP extracted from Scots pine seedlings siiong antifungal activity
[11]. Thus evaluation of the expression pattern of thosegduring advanced stages
of annosunrot infection was very interesting by mean of findingretation between
genes expression and their possible role in defés®sunroot rot inhibits expres-
sion of thePsDefl, PsDe®, PsDeB andPsLTPin the sapwood of infected saplings in
the place of inoculation as well as 2 cm above theduilation area, which indicates
that mentioned above genes aren't key elements wosapdefense towards infecti-
on. Compared to young pines, in intact roots of adultitreseted withannosunrot
the expression d?sDefl, PsDeB8 andPsLTPis very high in contrast to healthy plant.
Probably the natural infection in adult pine is hitting tiffeative defense barriers,
but as we don't know the period when infection occliared how long it was develo-
ping, it is hard to say if such high level of AMP tramgts is a result of strong immu-
nity reaction or either the reason lies in the treetygre.
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TI'pynuk H 1., FOcunoguu IO.M., Koganvoéa B.A., I'vm P.T. Po3BUTOK KO-
peHeBOi rHWJIi Ta OLiHIOBAHHSA PiBHIB ekcnpecii giniaTpancgepHoro nporeiny Ta
nedeH3uHiB y cocHu 3BHUaiiHoi mig BisiuBom Heterobasidiorannosum

30yaHIK KOpEeHEBOI Ta KOoMUIeBOi rHmin3HE — Heterobasidionannosum- € oauuM i3

HaitHeOe3MeYHINX NaTOreHiB XBOMHMX TOPiJ, SKUH CHPUYUHSE MacoBe BCHXaHHS Oopeasib-
HUX JIICIB y MiBHIYHIM niBKyi. He3Bakaroun Ha Te, 1m0 6Gioyoriro Ta TeHEeTHKY LbOro rpuda
BUBYEHO JOCTaTHBO T0OpE, MEXaHi3MH 3aXUCTY Ta CTiIKOCTI COCHOBHX JIEPEB 3QIUIIAIOTHCS
Hes'scoBaHuMU. OCTaHHI TOCATHEHHS Y BUBYCHHI TPAHCKPHUIITOMY CUCTEMH KOpeHeBa ry0Oka-
COCHA Ta MOJIEKYJIAPHiil XapakTepucTuLi (pakTopiB TaTOreHHOCTI HAOIU3MWIN HAC 10 PO3YMiH-
Hs 1i€i marocrcreMu. JlocipkeHo 0coOIMBOCTI PO3BUTKY MATOJIOTYHOTO MPOIECY B CISTHILIX
COCHH 3BHYaliHOT, iH()IKOBAHMX KOPEHEBOIO I'yOKOIO y Pi3Hi MEpio/M iXHBOIO POCTY, a TAKOK,
3a jroromororo HariBkinbkicHoi 3T-TI1JIP, BctanoBieHo npodini excrpecii JimiarpancdepHo-
ro npoteiHy Ta AJe)eH3HHIB y 3A0pOBUX Ta iH(IKOBAHUX POCTUH.

Kniouogi cnoea: cocna 3uuaiina, nedeHsuH, mimiarpancdepHuii npoteiH, excopecis,

KOpEHEeBa FHIJIH3HA.

TI'pynwik HH., FOcunosuu I0.M., Koeaneea B.A., I'vm P.T. Pa3putne Kop-
HeBOii THUJIM M OLIEHKA YPOBHel 3KkcnpeccHy JHMHATPaHCGEPHOro NMPOTeHHA U

nedeH3uHOB y cOCHBbI 00BIKHOBEHHOIT o BausiHueM Heterobasidiorannosum
Bo306yauTens kopHeBoi 1 koMiieBo# ruuiei — Heterobasidiorannosum- sisiisiercst o/1-

HUM U3 HaI/I6OJ'Iee OIMACHBIX MATOTC¢HOB XBOMHBIX HOpOZ(, KOTOpLIﬁ BBI3BIBACT MAaCCOBOC yCLI'
XaHue 0opeabHbIX JIECOB B CEBEPHOM HOJIyInapuu. HecMoTps Ha To, 4T0 GHOJIOTUs U F€HETH-
Ka 3TOoro FpI/I6a I/I3y‘IeHLI JO0CTAaTOYHO XOpOH_IO, MCXaHU3MBbI 3a0IUTHI U CTOMKOCTH COCHOBBIX
JIEPEBLEB OCTAIOTCS HEBBIACHEHHBIMU. 11oCieIHIE JOCTHIKEHUS B U3Y4EHUH TPAHCKPHIITOMA
CHCTEMbI KOPHEBas I'y0Ka-COCHA U MOJIEKYJISIPHOM XapakTepucTUKe (pakTopoB MaTOreHHOCTH
HpI/I6HI/I3I/IHI/I HAc K MOHUMAHMIO dTOM MAaTOCUCTEMBI. I/I3y‘ICHLI OCO6eHHOCTI/I pa3BI/ITI/Iﬂ maTo-
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JIOTHYECKOro MpoLecca B CEsTHIIAX COCHBI OOBIKHOBEHHOM, MH(UIIMPOBAHHBIX KOPHEBOI I'y6-
KOIl B pasHbIe MEPHOBI UX POCTA, @ TAKXKE YCTAHOBJICHBI MPOQHIIN SKCIPECCUH JIMITUTIEpE-
Hocsiero 6enka u AeeH3MHOB Y 310POBBIX M HHQ)UIMPOBAHHBIX PACTECHHUIA ¢ TIOMOIIBIO T10-
nmykonuuecteenHoir OT-TTLIP
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9KCIpPEeccHs, KOPHEBask THIJIb.
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BUKOPUCTAHHA METOAY MIKPOIIOPAHEHHS A1
MPOTHO3YBAHHS CMOJIONIPOAYKTUBHOCTI JIEPEB
COCHH 3BUYAHHOI

BusBneno npsaMoniHiiiHIi JOCTOBIpHHIT CHIIBHOT TICHOTH 3B'30K MiXK BUXOZOM XXUBHIIi
3 MIKpPOIIOPAHEHHS Ta 3 KapOMiTHOBKU. BU3HAYEHHS CMOJIONPOAYKTUBHOCTI METOJOM MiKpO-
TIOPaHEHHA 1a€ 3MOr'y BCTAHOBUTHU KAaTETOPI1I0 CMOJIONNPOAYKTUBHOCTI AE€PEB, a YEPE3 PIBHAH-
HS 3QJIEKHOCTI OLIHIOBATH CMOJIOTIPOAYKTUBHICTb OKPEMMX JIEPEB Ta IX CYKYITHOCTI 3 JOCTaT-
HiM cTyneneM TouHocTi. [IpakTdHO Bei fepeBa, o HalTeXaTh 4O IIEBHOI KaTeropii cMoom-
POAYKTUBHOCT1 3a BUXOIOM KUBHUIII, ITOTPAIUIAOTH B TY K KaTETOP1t0 1 32 MIKPOIIOPAHECHHSM.
IMommxu B posnonini BussieHo y 8 % nepeB Husbkoi, 68 %cepenuboi Ta 5 % Brcokoi kKaTe-
ropiit CMOJIOIPOTYKTUBHOCTI, SIKi 32 BUXOJOM JKHBUII IEPEBAKHO 3HAXOIATHCS Ha MEXi Cy-
CIAHBO1 KaTeropii.

Knrouogi cnosa: merosn MiKpoIIopaHeHHs!, CMOJIOIIPOIyKTUBHICTh, COCHA 3BHYaifHa.

Beryn. CiToBe BUPOOHULITBO KaHi(oIli Ta CKUNIMAAPY Ta PUHKH iX 30yTy Ha
cbOro/IHI MoB's3aHi 3 Kuraewm, siknit € HalOiNbMIUM y CBiTi BUPOOHMKOM, CIIOXKHBa-
YeM i eKCIIOpTepOM MPOAYKTIB MiJCOYHOTO BUPOOHMIITBA — 11e Npubnm3Ho 70 %Bin
cBiTOBOTO BUpOOHMITBA. Ha chOro/iHi 3pocTae momur y cBiTi i B €Bpori Ha eKooriy-
HO YHCTi TPOAYKTH 3 KMBHI, 30KpeMa, y BUPOOHULTBI OiomanvBa, y MeIuLuHi, y
XapyoBiii MPOMUCIOBOCTI Ta mapdymepii, 10 Bele A0 CTUMYJALII BUPOOHULTBA Y
wiii ramysi 3araniom [8-11]. TTo3utBHIM (HaKTOPOM € TaKOX HOBI pO3pOOKH 3 MexaHi-
3alil Ta CUCTEMH 3aroTiBJli XKHBUII 3 METOO MiATPUMKH i PO3IIMPEHHS IbOTO BUPOO-
uunrea [4, 12, 13

[NoTeHwiiHI MOXJIMBOCTI MiACOYKM XBOMHUX HacallkeHb YKpaiHH, mepemyciMm
y COCHOBHMX JIicax, € 3HaUHMMHU. OJHUM i3 MOXJIMBHX | €KOHOMIYHO BHUIMPABIAHMX
HaMpsAMKIB MOJAJBIIOr0 yJOCKOHANEHHS 3aroTiBji COCHOBOT KMBHL, MOHIKEHHS il
co0iBapTOCTi Ta pOcTy MPOMYKTUBHOCTI Tpali Min vac 1 3aroTieii € Biadip BUCOKOC-
MOJIOTIPOAYKTUBHUX jepeB [3, 7.

Martepianu i MeToauka nocaixKeHb. [ TOCATHEHHS JOCTaTHBOI TOYHOCTI
J0CJiy TPOBEIEeHO MOPiBHAHHSA cMojonpoaykTuBHocTi y 100aepes. Ha oaHiii cTo-
POHi cTOBOYpa CMOJIONPOAYKTUBHICTh BU3HAYANN 32 3BUYAIHOI MiACOUYKM 3 KapoIi-
HOBKH 3a KiTBKICTFO JKMBHLI y nipuiiMadi [5]. CMOJONPOAYKTHBHICTh HA OJHY Kapo-
MiIHOBKY BM3HaueHo 3a 1000xoniB 3 may3oto 3,51HiB i KpOKOM MigHOBKH 12MM.
Buxin xuBuL BUpaxoByBalW iHIMBiZyalbHO B KOXKHOIO JepeBa 3 TOUHICTIO N0
1r. IlizHime po3paxoByBainu KoedillieHTH cMOJONPOAYKTHUBHOCTI A KOXHOIO Jie-
peBa. Ha iHuii cTopoHi cToBOYpa /sl BUSHAYEHHSA CMOJIONPOAYKTHBHOCTI 3aCTOCO-
ByBaJI1 METOJ MiKpOMOpaHeHHs: Ha BUCOTi 1,3M creuiaJbHUM CBEPATIOM HAHOCHUJIN
MOpaHeHHs IMOMHOIO i JiaMeTpoM y AepeBHHI 5 MM. Buxin ®uBHLI METOIOM MiKpo-
MOPaHeHHs BCTAHOBJIIOBAIH 32 100y, BUMIPIOIOUM IOBXKUHY TPYOKH, 3aMIOBHEHOT JKH-

BHIEIO 3 TouHicTIO 10 0,1CM 3 MomanbmnM MepeBooM Y MacoBi oauHuLi. OTpuMaHi
JaHi 00poOIAIN 32 JOTIOMOTOI0 METO/IIB BapialiitHOT CTaTUCTHKY.

PesynbraTn pociimxennsi. HaiimpuitHATHIIMM 11 ouiHeHHsA OiojoridHol
CMOJIOTIPOTYKTHBHOCTI COCHM 3BHYaifHOT € Koe(ilieHT cMomonpomyKkTuBHOCTI. Llei
TIOKA3HUK TTOKa3y€e BMXiJ KUBHLI, SIKUI 3yMOBJICHUIT He TUTBKH (i3ionoriuHoio ¢yH-
KLI€I0 IEPEBHOTO OPraHi3My, ajie i He 3aleXnTh Bia po3Mipy cToBOypa, TeXHOJOTiT
MiICOYKM ¥ IHIWX KiTbKICHUX TOKa3HWKIB. KoediumieHT CcMOIONMpOIyKTHBHOCTI
MPUIHATO BU3HAYATH SIK BiTHOIIEHHSI BUXOMY KMBHIII B Tpamax 10 AiameTpa cToBOY-
pay cantumerpax [2]. Lleit crioci6 mae HaMTOYHILI Pe3yJibTAaTH Mifl YaC BU3HAYCHHS
CMOJIOTIPOTYKTHBHOCTI SIK OKPEMHUX JIepeB, TaK i Haca/keHb. OHAK, Y 3B'3KY 3 TpY-
JOMICTKICTIO, BEIMKUMH 3aTpaTaMy 4acy, MOTpeOoro B MiJICOYHUX IHCTPYMEHTax Ta
o0nasHaHHI | BIUIMBOM Ha KUTTEISITBHICTD JEpPEB, 3aCTOCYBAHHA 1IbOTO METONY He-
JOLiTbHE. MEHII TPyJOMiCTKUM METOIOM BH3HAUEHHS CMOJIOTIPOIYKTHBHOCTI € Me-
TOJ MIKpOTIOpaHeHb, KWl Ja€ 3MOTY BU3HAYMTH JIMIIE BiTHOCHY CMOJIOMPOIYKTHB-
HicTh. OIHAK, KOJH TOTPIOHO MPOBECTH JIUIIE MOPIBHAIBHY XapaKTePUCTHUKY CMO-
JIOTIPOAYKTUBHOCTI JOCTiKYBaHHUX JEepeB, Liei MeTon € HaifeekTuBHImIM. BisHa-
YEeHHsI CMOJIOTIPOAYKTUBHOCTI MiKpOTIOpaHeHb, AKi 3/i/ICHIOIOTh IILIIXOM CBEpAJTiHHS
OTBOPiB 200 HACiYOK, PEKOMEHIYIOTh 3aCTOCOBYBATH LISl BU3HAYEHHS CMOJIONPOIYK-
THBHOCTI 1 iHWi aBTopu [1, 2, 6]. [Ipu LbOMyY Big3HAueHO, IO BU3HAYSHHS CMOJIOT-
POIYKTHUBHOCTI JIepeB METOJOM MiKpOIIOpaHEHb HE YMHUTh HETaTHBHOTO BIUTMBY Ha
X KUTTEMISUTBHICTD i CTaH.

Vci nepeBa 3a ()akTHYHUM BUXOIOM JKMBHUII y BapiaHTax 3 KapoIiTHOBKH i
MiKporopaHeHHs! OyJI0 TOIIIEHO Ha TPW KaTeropii cMOJONPOLYKTUBHOCTI: HU3BKOT
(menwe 80 %Bix cepenHboro y HacamkeHHs), cepenHboi (80-120 %)ra Bucokoi (mo-
Hag 121 %).CMOJIONPOOYKTUBHICTh JIepeB COCHH 3BUYAIHO1, fKa BU3HAUCHA METO-
JIOM MiKpOTIOpaHEHHS, XapaKTepU3y€eThCs JEI0 BUIIOK BapiaOeNbHICTIO MOPIBHIHO
i3 BUXOJOM JKMBHLI i3 KapoItiTHOBKH (Tal.).

Taon. Cmamucmuyni NOKA3HUKU 6UX00Y HCUBUYI 3 KAPONIOHOBKU ma 3 MIKDOROPAHEHHA

Y 0epes PiZHUX Kame20piil cMOJ10nPOOYKMUEHOCHI
. Buxin xusuri
Kareropis

CMOJ‘IOHpO,Z[yKI?FI/IBHOCTi KIIJI, r MiKporiopaHenus, I/ 100y

M +m V, % M +m V, %
Husbka 38,22 0,80 10,43 4,33 0,19 23,3P
Cepennst 56,39 0,85 10,96 7,45 0,11 10,4p
Bucoka 74,20 1,66 10,50 10,44 0,28 12,68

AHaJi3 oOTpUMaHWUX JaHWX MOKa3aB, [0 MPAKTUYHO BCi AepeBa, AKi HaJeKaTh
JI0 MIeBHOT KaTeropii CMOJIONPOIYKTUBHOCTI 3a BUXOJOM JKMBUL, HOTPAIIAIOTh B Ty
K KaTeropito i 3a MikpornopaHneHHsaM (puc. 1).

[Momunku B po3monisii BUSBIEHO Yy AepeB HU3BKOI CMOJIOMPOAYKTUBHOCTI Ha
1,9 %,a y nepeB cepenqHboi Ta BHcOKoi cMononpoaykTuBHocTi —Ha 3,01 1,1 %ginmo-
BimHO. Lle cranoBuTh 7,9 %Big KiNBKOCTI NepeB 3 HU3BKIM BUXOIOM JKUBHII, a 3 ce-
penHiM Ta BUCOKHM BuUXonoM — 5,6Ta 4,9 %BiAnoBiaHO, SKi 3HAXOIUIKCH HA MeKax
KaTteropiif. BcTaHOBIIEHO, MO MK BUXOJOM JKMBHII 3 MiKPOIIOpaHEHHS i 3 KapoIij-
HOBKM € IOCTOBIpHUI1 CHJIBHOT TICHOTH 3B'A30K, KM, 32 JaHUMM MPOOHUX MJIOLL, CTa-
HoBuTh I = 0,88.3a pakTMIHUMYU JaHUMU BUXOJY JKMBHILL 3 MiKpOTIOpaHEHHS i BUXO-

32 36ipHUK HAYKOBO-TEXHIYHAX NMpanb
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