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PEINPOAYKTUBHASA U30JAUA U AJIVTOSUMHASA TUOPEPEHIIUANUA
HOHYJIHHI/Iﬁ PINUS SYLVESTRIS L. AKYTUHU U CMEXXKHBIX CTPAH
Aoayanuna JI.C., Ilerposa U.B.
borannueckuii cax YpO PAH, Poccus; hatara@mail.ru

PenpoaykTuBHas M30yALUs MOMYNIALUNA — OJUH U3 KIFOYEBBIX, HO IIOYTH HE M3YyYEHHBIX
¢dakTopoB uX reHernyeckor nudpdepennpanuu. CONpsHKEHHOE KOJWYECTBEHHOE H3Y4YeHHUE
PENPONYKTUBHOW H30JSIIMU U AJUIO3UMHOM CTPYKTYpPbl MONYJISIIMHA COCHBI OOBIKHOBEHHOM
npoBeieHO HaMH B 19 monysinusax SIKyTUd M CMEXHBIX PETHOHOB.

CpokH NBIICHUA-CUBETEHUs» M HMHIEKChl  (EHOJOIMUYECKOW H30JLIUM  MEXAy
NONYJISALUSMH PEKOHCTPYHPOBaHbI Ha OCHOBE (peHOoKapT I1BereHus Sorbus sibirica u
OpUTHMHAIBHOW Mozenu ¢eHodas NbUIEHUS COCHBI B peruoHe Jecocrenu 3amnanHoil Cubupw,
KJIMMaTH4ecku aHajgorudyHoMm llentpanbHoit Skyrtum (CannukoB u np., 2010). Munpekc
JUCTAHIIMOHHON M30JSILMU MONYJISIIUNA IPUHAT OPONOPLHUOHATIBHBIM PACCTOSIHUIO MEXIY HUMHU
(KM), a MHJIEKC «TOPHO-MEXaHWYECKO» H30JLIUU — TMPEBBIIICHUIO H30JUPYIOMIMX TOPHBIX
XpeOTOB HaJl HUMH. MHIEKC MHTErpalbHOM M30JIALMU HOMYJISALUM BBIYUCIEH KaK BEPOSITHOCTb
CJIO)KHOTO COOBITHSI — TPOHM3BEACHUE WHACKCOB (DEHOJOTHYECKOW, TUCTAHIIMOHHOW M TOPHO-
MEXaHUYECKOM H30JIAL1H.

Auio3uMHbIi aHanmu3 TkaHed 40—48 nepeBbeB B Kaxaoi u3 12 nmomymnsuuit P. sylvestris
SAxyrun u 7 nonynsuuii B cMexHbIX pernoHax Cpenneit Cubupu, [Ipuamypss u Bocrounoro
3alaiikainbs BBIONHEH 10 16 mokycam 11 ¢epmenTHBIX cuctem. ['enernueckue aucrannuu Hen
(Nei, 1978; DN7g) 1 ipyrux aBTOPOB MEXIy MOMYJISAIUIMH BbIYHCIICHBI 110 mporpamMme BIOSYS,
a ux rpagueHTbl — kKak DN7g/D, rae D — Mexnony isinoHHas AUCTaHIus (KM).

MHOXeCTBEHHBIH KOPPEJILMOHHBIA aHalIM3 IOKa3all, YTO B YCJIOBUAX IUIAKOPHOTO U
HU3KOTOpHOTO penbeda LlenTpanpHoil SIkyTun Beaymyro poiib B aJTIO3UMHON Tu(depeHnannm
nonyisuit P. sylvestris urpaer nucranuuonsas uzossius (I = 0.65), B 1.5-2.5 pa3za MeHbIIIyO
posib — ropHo-mMexanudeckas (I = 0.44) u denonorunveckas m3oystuu (I = 0.26). B uenowm,
(bakTopsl PENPOAYKTUBHOW M3OJSLMH JOCTOBEPHO BIMAIOT HA CTENEHb T'€HETHYECKOil
mubdepeHIMauY - MOMYJSIIUM  COCHbI  OOBIKHOBEHHOM  (KOA((UUIMEHT MHOKECTBEHHOM
koppensiuu R = 0.72 (p<0.05).

[To mapameTpaM BHYTPUIIOMYJISILIMOHHOTO MOJIMMOPPU3Ma — CpEJHEMY YHCITYy ajuieseil Ha
aokyc (A = 2.34+0.1) u oxxugaemoii rerepozurorHoct (He=0.291+0.009) nonynsuu SAxyruu, 3a
WCKIIIOUCHHEM KpaliHe MapTrUHAJIbHBIX M30JsITOB Ha ceBepe Cpemneit Cubupu (Typa) u toro-
BocTtoke IIpuamypes (Komcomonbck-Ha-AMype), Majlo OTIMYAIOTCS OT TAKOBBIX B CMEXKHBIX
peruoHax u B apeasie BCero BH/a.

Knacrepusiit anamus (UPGMA) renetnueckux auctanimii Heu (Nei, 1978; DNyzg) u
JIByMEpHasi OpAWHAIMS MO SIKyTHN BBIIBMIIM X J0cTOBepHOE monpasaeneHne (DNzg =
0.008-0.009, T.e. Ha ypoBHE paHra JOKaJbHBIX MMOMYJISALUI Halllel TeHOCUCTEMATHYECKOM 1IKaIbI
(Cannuxkos, IlerpoBa, 2012), Ha nBe rpynnsl — 3anajnHyio (Mupssiii, Bumoiick, Butum) u
BOCTOUHYIO (BCE€ OCTaJbHBIE) C HE3HAUMTENBHON BHYTPUTPYNIOBOM nuddepeHnmanueil (Ha
ypoBHE He BhIme panra cyonomyssiuid, DN7g = 0-0.006). [Ipu 35TOM OTHOCHTEIEHO OHOPOTHBIN
ayenodona nonyasauuid SIKyTuu oT4eTanBo 06ocolneH oT auienodonaa nomynsuuil Cpeanei
Cubupu (Ha ypoBHe reorpaduueckoi rpynmbl nomymsuuii, DNzg = 0.018) u pesko
muddepeHpoBaH oT rpynsl nonyisaiuii [Ipuamypss (Ha ypoBHe reorpaduyeckoit pacsi, DN7g
=0.030), HO MeHee moapa3eieH oT momyssnui 3adaiikaabs (DNzg = 0.014).

I'eorpaduueckuii ananus rpaiMeHTOB FEHETUYECKUX TUCTAHIIMA MEX Ty momyasuusamu P.
sylvestris Ha ceTu JABYX HIMPOTHBIX M YETHIPEX CYOMEPUIMOHAIBHBIX TPAHCEKT, MEPECEKAOIINX
SIKyTHIO ¥ CMEXHBIE PEruoHbl, BBIBMII HMX PE3KUH BCIUIECK Ha Bojopasjaeine pek HinkHei
Tyurycku u Bumoss (Typa-MupHblif), BeposiTHO, OOYCIOBIEHHBIH 53TUM THUIPOXOPHBIM
MUTpallMOHHBIM OapbepoM, a Takke Ha CraHoBoMm xpebte (TriHma-HeproHrpu), KOTOpbIii
SIBIISIETCSI HECOMHEHHBIM 0aphepoM rOpHO-MEXaHHUECKOW PETIPOIYKTUBHOM U3OJISIIUH.



Paboma evinonnena npu nooodepoicke Ilpoepammvl hyHOAMEHMATbHBIX UCCIEO008AHULL
YpO PAH Nel5-12-4-13.

REPRODUCTIVE ISOLATION AND ALLOZYMIC DIFFERENTIATION OF PINUS
SYLVESTRIS L. POPULATIONS IN YAKUTIA AND ADJACENT REGIONS
Abdullina D.S., Petrova 1.V.

Botanical Garden, Ural Branch of Russian Academy of Sciences, Russia; hatara@mail.ru

Reproductive isolation of populations — one of the key but almost unstudied factors of
their genetic differentiation. We carried on the entailed quantitative study of reproductive
isolation and allozyme structure of 19 Scots pine populations in Yakutia and the adjacent
regions.

The periods pollination-flowering and indices of phenological isolation between the
populations are reconstructed on the base of phenocards of Sorbus sibirica blossoming and of the
original model of pine-pollination phenophases in the region of Western Siberia forest-steppe
which is climatically analogous to Central Yakutia (Sannikov et al., 2010). The index of distance
isolation of the populations has been taken to be proportionate to the distance among them (km)
but the index of “mountain-mechanical” isolation — to the excess of isolating mountain ridges
over them. The index of integral population isolation was calculated as the probability of
complex event — the result of multiplication of indices of phenological, distance and mountain-
mechanical isolation.

Allozymic analysis of tissues of 40—48 trees in each of 12 populations of P. sylvestris L.
from Yakutia and of 7 populations in the adjacent regions of Middle Siberia, Near Amur Region
and Eastern Trans Baikal Region was carried out on the basis of 16 loci of 11 ferment systems.
Nei’s genetic distances (Nei, 1978, DN7g) and of other authors between the populations were
calculated on BIOSYS programme and their gradients — as DN;g/D, where D — interpopulational
distances (km).

Plural correlated analysis showed that in the conditions of the placorn and low-mountain
relief of the Central Yakutia, the leading part in allozyme differentiation of P. sylvestris
populations was played by distance isolation (R = 0.26). In the whole, the factors of reproductive
isolation authentically influence the degree of genetic differentiation Scots pine populations
(coefficient of correlation R = 0.72 (p < 0.05).

According to the parameters of interpopulation polymorphism — the average number of
alleles per loci (A = 2.3£0.1) and to the expected heterozygosity (He = 0.291£0.009) —
populations of Yakutia with the exception of extremely marginal isolates in the north of Middle
Siberia (Tura) and in the south-east of Near Amur Region (Komsomolsk-on-the Amur) differ a
little from the ones in the adjacent regions and in the range of the whole species.

Claster analysis (UPGMA) of Nei’s genetic distances (Nei, 1978, DNvg) and two-
dimentional ordination of Yakutia populations revealed their statistically significant subdivision
(DN-g = 0.008—0.009, i.e. on the level of the local populations rank of our genosystematic scale
(Sannikov, Petrova, 2012) into two groups — western (Mirniy, Viluisk, Vitim) and eastern (all the
rest) with negligible intragroup differentiation (on the level which is not higher than the
subpopulation rank DN7g = 0-0.006). With it all, relatively gomogenous allelofund of Yakutia
populations is distinctly isolated from the allelofund of the Middle Siberia populations (at the
level of the geographic group of populations, DN-g = 0.018) and is sharply differentiated from
the group of Near Amur Region populations (at the level of the geographic race, DN7g = 0.030)
but it is less subdivided from Trans-Baikal Region populations (DN7g = 0.014).

The geographical analysis of genetic distances gradients among P. sylvestris populations
on the net of two latitudinal and four submeridianal transects crossing Yakutia and the adjacent
regions revealed their sharp splash at the watershed of the Nizhnaya Tunguska and the Viluy
(Tura-Mirniy) rivers, probably, caused by this hydrohory migration barrier as well as at the
Stanovoy Ridge (Tinda-Neryungry) which is the undoubted barrier of mountain-mechanical
reproductive isolation.

The work was carried out under the support of the Programme of fundamental researches
of UB of Russian Academy of Sciences (Ne 15-12-4-13).
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NEW HORIZONS OF NATURAL RESOURCES IN THE EURASIA: SOUTHEASTERN
ANATOLIA REGION AND SOUTHEASTERN ANATOLIA PROJECT (GAP) IN
TURKEY
Acma B.

Anadolu University, Department of Economics, Unit of Southeastern Anatolia Project
(GAP), Eskisehir, Turkey; E.mail: bacma@anadolu.edu.tr.

Keywords: Natural Resources and Environment; Foresty, Agricultural and Water
Resources, the Eurasia, the Islamic World; Turkey; Southeastern Anatolia Region and
Southeastern Anatolia Project (GAP).

The Republic of Turkey has a special place in the Eurasia from the respects of both its
social-economic structure and its geo-politic and geo-strategic importance. It is a also model for
the Islamic World by combining the traditional and modern life styles.

The Southeastern Anatolia Project (GAP), one of the most important projects to develop
the remarkable natural resources of the world, is accepted as a chance for getting benefit from
rich water, foresty and agricultural resources of the Southeastern Anatolia Region for some of
the Eurasia’s Countries.

The GAP Project has been considered as a regional development projects through years,
protection of environment as foresty, agricultural and participatory have been attached to the
master of the project in recent years. The GAP Project having the responsibilites of some
important tasks and functions in the future’s Islamic World and Eurasia’s are giving hopes and
bring fertility to its region. In addition, the project will provide some contributions in the respect
of water sources, forests and agricultural development in the Eurasia.

The aim of this study is to introduce this region having rich natural resources and the
GAP Project. For this reason, firstly, the natural potential of the region will be introduced.
Second, The GAP Project aiming to make the country use of these natural resources will be
presented in detailed way. In the third stage, the projects being processed for protecting the
natural sources and environment will be analyzed. In the last stage, strategies and policies to
develop and to protect the especially forestry of the region in short, mid, and long terms will be
proposed for Turkey’s and Eurasia’s benefits.

SJJEMEHTHBIA COCTAB XBOM IMMUXThI CUBUPCKOM (ABIES SIBIRICA LEDEB.)
B PASJIMYHBIX YCJJOBUAX TPON3PACTAHUS
baxuna E.B.
Wucrutyt neca um. B.H. CykaueBa CO PAH, Poccus; genetics@ksc.krasn.ru

DJIEMEHTHBI COCTaB PACTEHUW SIBIISIETCS YCTOWYMBBIM, T€HETUYECKH HACIETyEMbIM
[IOKa3aTeleM, JHKECTKO KOHTPOJIMPYEMBIM CHCTEMOM HMX romMeocrasa. ['eHernueckas
Pa3HOKAaYEeCTBEHHOCTh 3JIEMEHTHOT'O COCTaBa MOMYJISIIMI pacTeHUIl OJTHOTO BUIA B Pa3iIMUHBIX
YCIOBUAX TPOM3PACTaHUsI OOYCIOBIMBAET 3aBUCHUMOCTh OHOJOTMYECKOTO KpPYroBOpOTa OT
FeHEeTUYECKUX OcoOeHHOcTel monynasuuid u ycnoBuil npouspactranus (Kosamesckuii, 1991;
HukonoB u ap., 1987; Tapakanos, 2007). OgHako, B psijie ciiydyaeB, 0OCOOCHHO IIPU 3arps3HEHUH,
Ype3MepHBIN M30BITOK (HEJOCTATOK) MOHOB B Cpelle, MPUBOJUT K IHUCOATAHCY B XUMHUYECKOM
COCTaBe aCCUMWJISILIMOHHOM Macchl, 00YCIIOBIEHHOMY YpE3MEPHBIM, B TOM YHcie U (poIMapHbIM
MOTJIONICHHEM XUMHUYeCKuX 37ieMeHToB (Mnbpun, 1985; Jlykuna u np., 1994; Canuna u ap., 2004;
u J1p.).

lenp Hacrosiiero WCCIENOBaHUS 3aKilodyalach B  BBIBIEHUHM OCOOEHHOCTEH
MOBPEXACHUSI U DJIEMEHTHOIO COCTaBa XBOU 3J0POBBIX M YCBIXAIOUIUX [JEPEBbEB IHXTHI
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cubupckoii (Abies sibirica Ledeb.) B pasnmuunbix gactsax rop FOxnoii Cubupu: BocrouHoro u
3anagHoro CasH, ceBepO-BOCTOUHOr0 AnTtas u EHMCENCKOro Kpsika.

Kareropuu »H3HEHHOTO COCTOSTHUS 0OCIICIOBAaHHBIX JIECHBIX OMOLIEHO30B BAPHHPYIOT OT
HEHApPYIICHHBIX (HU3KOTOpPHBIE JIECHBIE HSKOCHUCTEMBI U BBICOKOTOpbs AlTas) A0 CHIBHO
MOBPEXICHHBIX (cpenHeropbe xp. 3amanubiii CasH). AHaiM3 MOJCIBHBIX JCPEBBHEB BBISIBUII
o0miye 3aKOHOMEpPHOCTHU TOBPEXKICHUS JEPEeBbEB MHUXThI MO MOABEPXYUICUHOMY THUITY
(TperpsaxoBa, baxuna, 1995), 3a uckiIr0OU€HHEM BBICOKOTOPHBIX OMOIIEHO30B CEBEPO-BOCTOUYHOTO
Aunras. [ToBpexaeHHe BETBEH, Kak y MUXTHI, Tak U Keapa cudbupckoro (Pinus sibirica Du Tour)
3/1ech HAOJIOAeTCsl PAaBHOMEPHO IO BCEH KPOHE — KOHIIBI BETBEH YEPHEIOT M YCBIXAIOT, XBOS
OTJICIIbHBIX BETBEH phDKEET M omnajaer. Pan HaKOIUIEHUS 3J€MEHTOB B XBOE€ MUXTHI CUOMPCKON
umeer cienyronmii Bua: N>Ca>Mn>Mg>S>Fe>Zn>Al>F>Cu>Ni>Pb>Co>Cd. MakcuMaibHbIM
CoJlep’KaHWEM TOJIBUYKHBIX 3JIEMEHTOB NMUTAHUS (a30Ta W MarHus) XapakTepHU3YyIOTCS JEPEBbs
IUXTHl TOPHBIX 3KocucTeM 3anaaHoro CasHa M ceBepo-BocTouHOro Anras. B conepkanun
MAaJIONOJIBUXKHBIX 3JIEMEHTOB-OMOGUIOB (Kalblui, aIFOMUHUNA, MapraHel, IIMHK) HE BBISIBICHO
KaKUX-TM0O 3aKOHOMEPHOCTEH B 3aBHCHMOCTH OT YCJIOBHH TNpow3pacTaHus. B JecHbIX
skocuctemax Bocrounoro CasiHa B XBOE€ MUXTHl 3HAYUTENBHO YBEIWYUBACTCS COJIEp)KaHUE
TEXHOI€HHBIX AJIEMEHTOB ((TOp, CBUHEL, Xeje30), a B 3Kocucremax 3amagHoro CasHa u
Enmuceiickoro kpsbka — kagmusi. B nenom, conep:kanue 31eMEHTOB B XBO€ MUXTHI HHKE TTOpora
TOKCHYHOCTH M HE TPEBBINIACT 3Ty BEIUYMHY Ui HE3arpsA3HEHHBIX MOYB M (POHOBBIX PAiiOHOB
Cubupu (Unbpun, 1991; Canuna u ap., 2008), onHaKO HAKOIUIEHHE TEXHOT€HHBIX 3JIEMEHTOB
OPUBOJUT K WM3MEHEHHUS COOTHOUICHWH OWO(GHUIBHBIX W TEXHOTCHHBIX JJIEMEHTOB U
CBUJICTENLCTBYET O HAPYIICHUU TOMEOCTa3a JePEBbEB.

MOJIEKYJIIPHO-TEHETUYECKHWIN AHAJIU3 IIOJTYCUBCOBOI'O IOTOMCTBA
COCHBI OFBIKHOBEHHOM C PA3JIMYHBIM YPOBHEM DKOJIOT MYECKOM
HNJIACTUYHOCTU MOP®OJIOT'MYECKUX ITPU3HAKOB
Bapanos 0.10.}, Bamonkac B., IOmxkayckaiite A%, ManTtenees C.B.., IManyToB B.E.!
"Mucruryr neca HAH Benapycn, Benapycs; betula-belarus@mail.ru
?I1enTp arpapHbIX # JecHsIX Hayk JInTser, JIntsa; virgis.baliuckas@mail.ru

OnHO¥ M3 LEHTPATbHBIX MPOOJIEM JIECHON TEHETHKU U CEJIEKIUHU SIBIIAETCS H3YyYCHHE,
COXpaHEHHE U BOCIPOU3BOJICTBO TEHETHUECKUX PECYpCOB OCHOBHBIX JI€COOOpa3yIoIMX U
XO3SCTBEHHO-IIEHHBIX TIOpPOJ, IMOCKOJIbKY T'€HETHMYECKOe pPa3HooOpazue JIeKHUT B OCHOBE
CIIOCOOHOCTH JKMBBIX OPTaHU3MOB MPHUCIIOCAOIMBATHCS K M3MEHEHHSIM YCIOBUI OKpYXKarolleH
cpenpl. K Hacrosmemy BpemeHu wucnonb3oBanue JIHK-mapkepoB mno3BOMWIO pemuTh
dbyHIaMeHTalbHbIe U MPHUKIAJHbIE 3a/layM, CBS3aHHBIE C M3yYE€HUEM TeHO(POHIOB Pa3TUYHBIX
pacTUTEIBHBIX BUIOB, BKJIIOYAs OIICHKY HMHTEHCUBHOCTH MUTPAIIUU T€HOB MEXAY MOMYJISIUSIMU,
aHaJIU3 MEKBHUJIOBOM THOPUAM3AIUH, TOCTPOCHHE T€HETHUYECKUX KapT, UCCIEOBAHUE YPOBHS
TEHETUYECKOTO pa3HoOoOpa3us W 1p. 3a TOCHEIHee JAeCATHiIeTHe, Ojarojgaps MOJHOMY WA
YaCTUYHOMY CEKBEHHPOBAHUIO T€HOMOB PAa3JIMYHBIX PACTHTEIHHBIX BHJIOB, OOMNBINHE YCIIEXU
OBUTH JTOCTUTHYTHI B 00JIaCTH WACHTHU(UKAIIMUA T€HOB M WX KOMIUIEKCOB, OTBETCTBEHHBIX 3a
MPOSIBJICHUE XO3AMCTBEHHO-LIEHHBIX MPU3HAKOB. M3yueHHe W3MEHUYMBOCTH JaHHBIX JIOKYCOB
MO3BOJISIET HAXOJWTHh AJUIEIbHBIE BAapHUAHTHI M TEHOTHUIIBI, XapaKTEPHU3YIONIUE Ty WIH WHYIO
CTEMNEHb MPOSIBJICHUS TPU3HAKA.

enbto HacTodAlel pabOTHI SBISIIOCH MPOBEIEHUE CPABHUTEIBHOTO aHAIN3a YpPOBHS
TeHETHYECKON H3MEHYMBOCTH U AudQepeHInanuu cpeau MOoIycCHOCOBOTO MOTOMCTBA ceMei
COCHBI ~ OOBIKHOBEHHOW,  pa3IWYaIONMXCS  yPOBHEM  DKOJOTHYECKOW  IIACTHYHOCTH
MOP(}OIOTHUECKUX MTPU3HAKOB.

OObeKTaMH  MOJIEKYJSIPHO-TEHETHYECKUX  HMCCIICIOBAHUN SBWJIMCh HCIBITATEIbHBIE
KYJIBTYPBI JBYX MOTYCHOCOBBIX CEMEH COCHBI OOBIKHOBEHHOM, MpEACTaBIEHHBIC TPEXKPATHO B
VAQJICHHBIX JAPYyr OT Jpyra peruoHax JIMTBBL, € pa3aIuYHBIM YPOBHEM OKOJOTHYECKON
IUTACTUYHOCTH 10 CIAEAYIOUINM (DEHOTHITMYECKUM MPU3HAKAM: BBICOTA JIEpeBa, AUaMeTp CTBOIIA,
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KpUBH3HAa CTBOJA, TOJILMHA W YroJd HAaKJIOHAa BETBEH, IUIOTHOCTh JpeBecuHbl. Jlis
MHUKpPOCATEJUIMTHOTO aHaiu3a Obuth HMcmoib3oBaHbl 5 SSR mapkepos simeproit JITHK (okycsr
PtTX 3116, PtTX 4001, PtTX2123, PtTX3013, PtTX3020). Bcero npoananusupoBaHo 84
JepeBa.

B uccnenoBaHHBIX ceMbsX ObLTO BBISIBJICHO HATHYKE MIUPOKOTO CIEKTpa moJumMopduzma
cpenu u3ydaeMbIX TeHOB. Hambonmbmuii ypoBeHb reTepO3UrOTHOCTH OOHApyX eH sl 1ByX SSR-
aokycoB — PtTX 3116 u PtTX 4001 (He > 60%). Jlokycer PtTX3013 u PtTX2123
XapaKTepu30BaINCh CpeaHUM ypoBHeM wu3MeHuuBocTU (He=25%~45%). Huskuii ypoBeHb
M3MEHYMBOCTH B M3Yy4aeMbIX BbIOOpKax Obul 3adukcupoBan y jnokyca PtTX3020, ans koToporo
3HayeHue He He nmpesbicuiio 10%.

Haubonbimm 3nauenuem napamerpa He (44-47%), XapakTepu30Baioch MOJIYyCHOCOBOE
MOTOMCTBO ceMbH 462 (BBICOKUI YpPOBEHBb SKOJOTHYECKON IIIACTHYHOCTH), BHE 3aBUCUMOCTH OT
pPETMOHAJIIBHOM ~ NPUHAUIEKHOCTHM  MecTa  IpouspactanHus.  Ilokazarens — oxkugaemon
reTepO3UTOTHOCTHU AJis ceMbU 479 (HU3KHI ypOBEHB IKOJIIOTUYECKON MIACTUYHOCTH) BapbUPOBAI
B npenenax 33-39%. Ananu3 mapameTrpa oOIIero reHeTH4eckoro pasHoodOpasusi Hew, Taxke
BBISIBHJI [IPEBaJMpPOBAHHWE 3HAYEHHWH [aHHOrO IOKasaTens Juis cemMbd 462 (42-46%),
XapaKTepu3yrolencs BBICOKHM YPOBHEM 9KOJIOTMYECKOI IUIACTUYHOCTU  psijia
MOpP(}OIOrHUECKUX TMPU3HAKOB, MO cpaBHeHHIO ¢ cembeil 479 (32-38%). CpaBHuTenabHOE
M3y4eHUe ToKa3aTeseld TeTepO3UrOTHOCTU MOKa3allo, YTO MOJIyCMOCOBOE MTOTOMCTBO CeMbH 462
XapaKTepU30BaIOCh CXOJCTBOM 3HadeHuil H, m He, 9TO yKa3blBaeT Ha Hajauuue PaBHOBECHOTO
(mo Xapau-BaiiHOepry) cocTOsIHMSI T€HEeTHYeCKOW CTpyKTypbl. B Toxe Bpems B cembe 479
HaAOII01AJICS CYIIECTBEHHBIN HU30BITOK FETEPO3UTOT.

MOLECULAR GENETIC ANALYSIS OF SCOTS PINE HALF-SIBLINGS OFFSPRING
WITH DIFFERENT LEVELS OF THE MORPHOLOGICAL TRAITS ECOLOGICAL
PLASTICITY
Baranov O.Yu.}, Baliuckas V.?, Juskauskaité A.%, Panteleev S.V.}, Padutov V.E.}
'Forest Research Institute of NASB, Belarus; betula-belarus@mail.ru
?Lithuanian Research Centre for Agriculture and Forestry, Lithuania; virgis.baliuckas@mail.ru

One of the central problems of forest genetics and breeding is the study, conservation and
reproduction of the genetic resources of the main forest and commercially valuable species,
because genetic diversity is the basis of the ability of living organisms to adapt to environmental
changes. To date, the use of DNA markers allowed to solve fundamental and applied problems
related to the study of gene pools of different plant species, including the assessment of the
intensity of migration of genes between populations, analysis of interspecific hybridization, the
construction of genetic maps, study of the level of genetic diversity and others. Over the past
decade, due to the complete or partial sequencing of genomes of different plant species, great
strides have been made in the identification of genes and their complexes are responsible for the
manifestation of economically valuable traits. The study of the variability of the data allows to
find allelic variants and genotypes that characterize one or another degree of manifestation of the
trait.

The aim of this study was to carry out a comparative analysis of the level of genetic
variability and differentiation among half-siblings offspring family of Scots pine with different
level of ecological plasticity of morphological traits.

The objects of molecular genetic studies were progeny trials of the two half-siblings
family of Scots pine, presented three times in widely separated regions of Lithuania, with
different levels of ecological plasticity of the following phenotypic traits: tree height, trunk
diameter, curvature of the barrel, the thickness and angle of inclination of branch, timber density.
For the microsatellite analysis five SSR markers nuclear DNA (loci PtTX 3116, PtTX 4001,
PtTX2123, PtTX3013, PtTX3020) were used. Total number of analyzed trees was 84.
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Analysis of samples showed a wide variety of polymorphism among the studied loci. The
highest level of heterozygosity was found for two SSR loci - PtTX3116 and PtTX 4001 (the He>
60%). Loci PtTX3013 and PtTX2123 had an average level of variability (of He = 25% ~ 45%).
Low level of variability in the studied samples was recorded at locus PtTX3020 (value He has
not exceeded 10%).

The greatest value of the total He parameter (44-47%) was found for offspring of the
family 462 (high ecological plasticity), regardless of regional origin. The value of the expected
heterozygosity for 479 families (low ecological plasticity) varied between 33-39%. Analysis of
the characteristics of Nei genetic diversity parameter, also revealed the prevalence values of the
indicator for the family 462 (42-46%), characterized by a high level of ecological plasticity of a
number of morphological traits, compared to family 479 (32-38%). Comparative study of
heterozygosity showed that the offspring of family 462 was characterized by the similarity of
values Ho and He, indicating the presence of an equilibrium (Hardy-Weinberg) the status of the
genetic structure. At the same time in the family 479 a significant excess of heterozygotes was
found.

HNCIOJb30BAHUE MAPKEPOB MUTOXOH/IPUAJIBHOM JTHK B
OTCJIEXKUBAHUU ITYTENU PACIIPOCTPAHEHUSI YCCYPUMCKOI'O
IMOJIUT PA®A B CUBUPU
bapanyukos IO.H.l, YcrbsiHLeB K.B.Z, Kononon A.B.Z, Baunos A.I'.

. Wucrutyr seca um. B.H. CykaueBa CO PAH, Poccus; baranchikov-yuri@yandex.ru

WNuctutyt uuronoruu u renetuku CO PAH, Poccus

Yceypuiickuii monurpad Polygraphus proximus Bladford (Coleoptera, Curculionidae,
Scolytinae) sBisieTcsi OTHOCHTEIBHO HEAABHUM JIAIbHEBOCTOUHBIM HHBAWIECPOM B IMHXTOBBIX
Jecax U IeKOpaTUBHBIX mocaakax muxTel B KOxuoit Cubupu u B EBponeiickoil wactu Poccun (B
MockoBckom peruone). B KpacHosipckoM kpae caMble paHHUE TOBPEKICHUS TUXT MOIUrpagomM
JATUPOBAHBI, IO J€HIPOXPOHOJIOTHUECKUM J1aHHbIM, HadasioM 1970-x rogos (bapanuukos u ap.,
2014). B nacrosiiee Bpems 3TOT BHJI, COBMECTHO C aCCOLMHPOBAHHBIM 0(UOCTOMOBBIM IpHOOM
Grosmannia aoshimae (Ohtaka et Masuya) Masuya et Yamaoka, siBisieTcss OJJHUM W3 TJIaBHBIX
dakTopoB martojoruu jecoB u3 nmuxthl Abies sibirica Ledeb. B cBsi3u ¢ mamsiM mpeccoM co
CTOPOHBI MAPA3UTOM U OTCYTCTBHEM YCTOMUMBOCTH Y MECTHOM NMUXTHI K UHBa3UMHOMY TaHAEMY.

MBI nocTapanauch OTCIAEAUTh pacpoCTpaHeHUe noaurpada mpyu MOMOIIK MOJIEKYIISIPHBIX
MeTOon0B.  M3ydaim  TEHETMYECKYl0  H3MEHUYMBOCTh  IIOCIIEJOBATEIBHOCTEH  T'E€HOB
nuroxpomokcuaaszsl | u Il mutoxongpuansnoro JAHK y 309 »xykoB mnonurpada uz 22
nonynasuii, coopanueix B Snonun, Ha CaxanuHe, B XabapoBckoM M KpacHospckoM kpasx,
Tomckon, HoBocubupckoit u KemepoBckoit obnactsix, Pecriyonukax Xakacus u Antai, B T.
Mockse.

Anamuz oobenuaeHHbIX nocienoBarenbHocTeld COl u COIll KyKOB 1MO3BONMI BBHISIBUTH
18 ramjaoTUNOB, MPUHAMIEKAIINX, COTJIACHO METOJYy MaKCHMAJIBHOTO MPaBIONOI00US, K MATH
rpynnaMm. ['anmjmoTumbl dYeTblpex M3 MSATH TPYNN HPHUCYTCTBOBAIM B JAIbHEBOCTOUYHBIX
HOMYJSALUAX nonurpada, Tpex TPy — B MOCKOBCKOM MOMYJISAIMH, B TO BpeMs KaK SIOHCKOU U
JBYM CHOMPCKHUM MOMYJISIHUAM MPUHAATIECKATN TaIUIOTUIIBI TOJIBKO OJHOM (HO pa3HOM) rpyMIIbL.
Pacnpenenenuss ramioTUIIOB B HAyalbHOM M BTOPUYHOM apeaiax nojurpada yeTrko
JICMOHCTPUPOBAIM WHBA3UUHYIO TIPUPOy CHOMPCKUX U €BpOINeHCKon momysiuii P. proximus.
Habopb!l ramaoTUNoB JanbHEBOCTOUHBIX MOMYNIALMN OKazaluch Hauboiee M3MEHUYMBBIMU U
coJlepKaji TaIlJIOTUIIBI M3 BCEX TIpYII, OOHAPYKEHHBIX Ha KOHTHHEHTE. XOTS SIMOHCKUE
HOMYJSIUK ¥ ObUIM YETKO OTJIMYHBI OT KOHTHHEHTAJIBHBIX, UM TaKkke OblIa CBOMCTBEHHA
BBICOKasi M3MEHYMBOCTh. 110 KoHTpacTy, naBasmitHbie 3anagHo-Cubupckue (Tomck, Kemeposo,
HoBocubupck u Antaif) u Bocrouno-Cubupckoe (KpacHosipck) MOmyJsiliuu UMETH KaXK bl
TOJIBKO I10 JBa TaIlJIOTUIIA U KaXKIasi U3 3TUX Map Oblia MOJHOCThIO OTIMYHON. [Ipu aTOM TpH U3
3TUX YEThIpEX raluloTUIOB MpHUCYTCTBOBaIX Ha JlanpbHem Bocroke. Bee 310 npuBeno k HU3KOM
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TCHETUYECKOM HM3MEHUMBOCTH B CHOMPCKUX TMOMYJISALUSAX, CBONCTBEHHOW OOBIYHOMY TIpU
UHTPOAYKIUU YPPEKTY «OyTHUIOYHOTO TOPIIBIIIKA», U MO3BOIMIIO IPEANOI0KUTh, YTO UHBa3UU
B 3amaguyro u Bocrounyio CuOuphb ObLITH HE3aBUCUMBIMHU JPYT OT JPyTa.

Ha 3anan nonurpad npumien no TpanccuOupckoil MarucTpaiu B BaroHax € JIPeBECUHON
WIA B HEOKOPEHHBIX BaroHHBIX CTOWKax. /leTanu JOKaJbHBIX pacIpOCTPaHEHHH MOTYT OBITh
OTCJICKEHBI 110 0COOCHHOCTSM rarmioTunos. K npumepy, nomysiiuu nonurpada Ha BOCTOUHOM
ckione Kysnenkoro Anatay 001a1al0T HHBIM, «KPaCHOSIPCKUMY HaOOPOM TrarIOTUIIOB, HEXKEIN
NOMYJSIIMM Ha 3alaJHOM CKJIoHe. V3HayanbHO, MO-BUIMMOMY, KYKHM TOMNaldu Ha XpebdeT ¢
rpy3amMmu 1o BeTke AuuHCK-benoropck B Hawane 1960-x. 3areM OHM CaMOCTOSTEIBHO
MPOJBUTANIUCH HA IOT CO CpeaHeil ckopocThio 2-3 km/rof. JXyku C ramjaioThraMud BOCTOYHO-
cHOMpCKOW rpynmbl ObUIM HENaBHO HaijneHsl Omu3 crtanuuii bampikca u  Jlyx6a Ha
JKeJe3HOA0pokHOM BeTke HoBoKy3Henk-AbakaH.

Paboma wacmuuno noooepoicana cpeocmeamu PODU (epanm 14-04-01235a).

MITOHONDRIAL DNA MARKERS IN PATHWAY TRACING OF THE FOUR-EYED
FIR BARK BEETLE INVASION IN SIBERIA
Baranchikov Yu.N.!, Ustyantsev K.V.?, Kononov A.V.? Blinov A.G.?
V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences,
Russia; baranchikov-yuri@yandex.ru
?Institute of cytology and genetics, Siberian Branch of Russian Academy of Sciences,
Russia

A four-eyed fir bark beetle Polygraphus proximus Bladford (Coleoptera, Curculionidae,
Scolytinae) is a relatively recent Far Eastern invader in fir forest and ornamental fir stands in
Southern Siberia and European part of Russia (Moscow region). In Krasnoyarsk Kray its earliest
damage occasion was dated back to 1970ies by dendrochronological methods (Baranchikov et
al., 2014). Nowadays this species (with associated ophiostomal fungus Grosmannia aoshimae
(Ohtaka et Masuya) Masuya et Yamaoka) is one of the main threats of Siberian fir (Abies
sibirica Ledeb.) forest in Southern Siberia because of a natural enemies shortage and luck of
resistance in a new host plant to this invasive tandem.

We tried to trace pathways of P. proximus westward invasion using molecular methods.
We studied genetic variation of partial mitochondrial sequences of the cytochrome oxidase
subunit 1 and 11 genes in 309 specimens of bark beetle from 22 pest populations located in Japan,
Sakhalin, Primorye, Khabarovsk and Krasnoyarsk Kray, Tomsk, Novosibirsk and Kemerovo
Oblast, Republics of Khakasiya and Altay, city of Moscow and its suburbs.

Both the COI and the COIlI sequences obtained were concatenated and then were treated
as new sequences which were subsequently compared. Among these sequences overall 18
haplotypes were identified with the partition into five groups according to the maximum-
likelihood analysis. Four of the five groups were present in beetle’s aboriginal Far Eastern
populations, three of the five — in introduced European populations from Moscow region, while
only one (but different) group was present in each of the invasive Siberian populations and
aboriginal Japan population. The haplotype distribution over initial and secondary parts of P.
proximus range clearly demonstrates an invasive nature of Siberian and European population of
his bark beetle. The native Far Eastern populations appear to be most variable and comprise
haplotypes from all groups revealed at the continent. Although, the Japan populations were
apparently genetically distinct from the continental ones, the relatively high level of diversity
was observed for them, thus, providing the example of the second naturally evolving but isolated
populations. In contrast, the introduced West (Tomsk, Kemerovo, Novosibirsk and Altay) and
East Siberia (Krasnoyarsk) populations have only two haplotypes each and these pairs are
entirely different (with three of them being presented in the Far East populations). That has led to
the substantially lower genetic variability observed which is typical for the “bottle neck” effect
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during invasions and allowed us to suggest that introductions into the West and East Siberia
regions were independent, since no overlapping in haplotype variants was found.

The main pathway of invasive mico-entomological tandem distribution is evident: wood
and wagon poles of Trans-Sibrian rail road trains. Details of the local distribution pattern can be
précised due to geography of haplotype distribution. For example, P. proximus populations on
the Eastern slopes of Kuznetskiy Alatay Mountains have haplotypes entirely different fron ones
on the Western slope. There, in Khakasiya, beetle populations have “Krasnoyarsk™ set of COI-
COIll haplotypes. We can suggest that initially beetles were transported to the south of Transsib
along the branch railway Achinsk-Belogorsk at the beginning of 1960s and then moved by itself
to the South along ridge with the speed of appr. 2-3 km per year. Beetles with East Siberian
haplotypes were found recently at Balyksa and Luzhba stations on the branch railway
Novokuznetsk-Abakan.

This work was supported in part by the Russian Fund for Fundamental Research (grant
14-04-01235a).

N3MEHYUBOCTb MOP®OJIOI'NYECKHUX IPU3HAKOB JIMCTBEHHUIIbI B
HEKOTOPBIX PANOHAX CUBUPU
bapuenxon A.Il.
Hucruryr neca um. B.H. CykaueBa CO PAH, Poccus; barchenkov@pochta.ru

N3yuenue HU3MEHUYUBOCTH MoOp(}onornueckux IPU3HAKOB JMCTBEHHUIIBL,
npouspactaromieir B Cubupu, akTyalbHO BO MHOTUX OTHomIeHusix. C OJHOW CTOPOHBI, 3Ta
JIpEBECHAsI MOPOJA XapaKTEPU3YETCSd 3HAUYUTEIBHOM XO3SMCTBEHHOM LIEHHOCTBIO, a C JIPYTOu,
HECMOTpS Ha OO0JbIIOe KOJUYECTBO HCCIENOBAaHUM MOPQOIOTHYecKOoro pazHooOpas3us
JMCTBEHHMIIBI, PSJI BOIIPOCOB 3TOH Mpo0seMbl U3ydeH ellle HepocTarouHo. Hanpumep, Bee ele
ocTaloTcs CIabO0M3y4YEeHHBIMH CEBEpPHBIC MOMYJSIUM JIMCTBEHHUIBl, KOTOpPbIE U3-3a HX
TPYAHOJOCTYITHOCTH HMCCIEAOBAJINCH JIUIIb B HE3HAYUTENbHbIX Maciuitabax. Hamu mpoBeneHsl
uccien0BaHuss MOP(OIOrHUECKON U3MEHUYHBOCTH TpeX BHIOB JMCTBeHHHMIIBI L. Sibirica Ledeb.,
L. gmelinii Rupr.,, L. cajanderi Mayr B pasnuuHbIX paiioHax uX apeajoB. M3ydanace
W3MEHYMBOCTh OCHOBHBIX JMAarHOCTUYECKUX MPU3HAKOB KAaK TE€HEPaTUBHBIX, TaK U
BEr€TATUBHBIX OPTraHOB JIMCTBEHHUIIBI.

HccnenoBanbl MOMyNALUUA JIUCTBEHHUIIBI CHOUPCKOM Ha TaiiMbipe, B IEHTPaIbHBIX U
I0KHBIX paifoHax Cpenneil Cubupu. Y CTaHOBIEHO, YTO BHYTPUIIONYJISLUOHHAS U3MEHUYUBOCTh
MOp(GOMETPUYECKMX  NPU3HAKOB  MIMIIEK W CeMSH  JIMCTBEHHHUIIBI  IPOSBIISETCS
IpPEeUMYIIECTBEHHO Ha cpenHeM ypoBHe mno mkane C.A. MawmaeBa (1972). I'eorpaduueckas
U3MEHYMBOCTh MOP(OMETPUUYECKMX MPHU3HAKOB JIMCTBEHHUIIBI CHOUPCKON ompenensercs
MPEUMYIIECTBEHHO W3MEHEHUEM JIOKAJIBHBIX YCIOBUIl NPOM3pacTaHUs MONYJISLUUU, XOTS U
HaOJII0Aal0TCS 3aKOHOMEPHOCTH CHMIKEHHS 3HAYCHWH NPU3HAKOB TPU YBEITUYEHUH BBICOTHI
pacloJio)KEeHUsT TOMYJSIMM B Topax M TIpUd BO3pacTaHUU Teorpauyeckoll IMIUPOTHI
pacrioniokeHust nonynasnuu. MccnenoBanne M3MEHYMBOCTH KadeCTBEHHBIX MOPQOJIOTHUECKUX
Npu3HaKoB ImMIIeK (dpopMa Kpasi CEMEHHOHM uenryd, ¢popMa 4Yellyd, OMyHIEHHOCTh CEMEHHBIX
Yenryi) mokasajlo, 4YTO YyBEJIMYEHHE BapHallid IPH3HAKOB TMPOMCXOJUT B Haubosee
HEOJArONMPUATHBIX YCIOBUSIX NMPOU3PACTAHUS U B 30HE THOPUIU3ALMN JTMCTBEHHUIIBI CUOMPCKOI
C IUCTBEHHULIEH | MennHa.

[IpoBenens! nuccnenoBaHuss MOPGHOIOTUIECKON N3MEHYMBOCTH JIMCTBEHHUIIBI [ MennHa B
psizne paifoHoB DBeHKHM, 3abaiikaiabckoro kpas u pecnyonuku Caxa (Skyrus). Tak ke, Kak y
JUCTBEHHUIIBI ~ CUOMPCKOW,  MONYJISIUU  JUCTBEHHHIBI  ['MelnHa  XapakTepusyroTcs
3HAUUTENBHBIM YBEJIMYCHUEM BapHalud MOP(HOMETPUYECKUX TMPHU3HAKOB INHUIIEK B 30HAX
ruOpuaM3auu ¢ JUCTBEHHUIIaMH cubupckorn u Kasugepa. Anamu3z MOpQOIOTHYECKOM
M3MEHUYMBOCTH JIMCTBEHHMIIBI ['MenuHa B ropHoii cucreme CTaHOBOIO HAaropbsl TAKKe MOKa3ajl
3aBHCUMOCTb ~ M3MEHYMBOCTH  MOP(POMETPHUUECKMX  MPU3HAKOB IIUIIEK OT  BBICOTHI
IIPOM3pacTaHysl NOMYJALMUA. B 3TOM ropHOW cucTeme BBIIEIEHBI J1Ba SKOTHUIIA JMCTBEHHMIIBI
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['MenuHa, pa3TUYAOIINUXCS KaK M0 MOPPOMETPUIESCKUM MPU3HAKAM F€HEPATUBHBIX OPTaHOB, TaK
U 10 MOP(OJOTHYECKOMY CTPOEHHUIO KpoHbl. B BepxHem mosice rop Qopmupyercs
cneurduyecknii (PEHOTUIT JTMCTBEHHHIIBI, XapaKTEPU3YIOMIMKCA HEOONBIIMMH pa3MepaMu
T€HEPATHUBHBIX OPraHOB, CTOJIOOBHUIIHONW KPOHOW M TPEIIMHOBATOW TEKCTYpOu Kophel. pyroii
denorun (GopmupyeTrcs B IMOMMaxX pPEeK W KOTIOBHH M XapaKTepU3yeT JIepeBbs Oeree
KPYITHOILIUIIIEYHBIE, C PACKUAUCTON KPOHOM U JJOJITO COXPAHSIOIICHCS YelIyiuyaTol KOPOu.

B pecnyonmuke Caxa (Skyrus) um Maraganckod o0JacTd B psfe  MOMYJISIIHMA
muctBeHHHIB KasiHepa n3yuena n3MeH4YuBOCTh MOP(OJIOTUH IIUIIEK. Y CTaHOBJICHO, YTO OJUH
U3 OCHOBHBIX TUATHOCTHYECKUX MPU3HAKOB JIMCTBEHHUIIB KaHsepa «popMa MUKW SBISETCS
3HAQUUTEJIbHO HW3MEHYMBBIM. AHAJIW3 TMOJYYEHHBIX PE3yJbTaTOB W JHUTEPATYPHBIX JaHHBIX
MOKa3aj, YTO MU3MEHUYMBOCTh 3TOTO MpPU3HAKA B 3HAYUTEIHLHOW CTENEHU 3aBUCUT OT BIAXKHOCTHU
KJIUMaTa B OIpPEACNEHHBIX JIOKAJbHBIX YCIOBHSIX MPOU3PACTAHUS, MOITOMY HEOOXOAUMBI
JIOTIOJTHUTETIbHBIE, Oosiee MOAPOOHBIE MCCIIENOBAHUS M3MEHUYMBOCTH JIMCTBEHHHII | MenuHa U
Kasiuiepa n1st ux BUIOBOW TUATHOCTUKH.

VARIABILITY OF LARCH MORPHOLOGICAL TRAITS IN SOME REGIONS OF
SIBERIA
Barchenkov A.P.
V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences; E-mail:
barchenkov@pochta.ru

The study of larch morphological features variability is actual in Siberia. The
systematization of larch is based on morphological diversity, so the study of morphological
features variability is actual for selecting and foresting of this forest genus. Moreover, the larch
populations in north regions of Siberia are poorly studied. The variability of L. sibirica Ledeb.,
L. gmelinii Rupr., L. cajanderi Mayr, have been investigated. The variability of main diagnostic
features of vegetative and generative organs has been studied.

The L. sibirica populations in north and south regions of Siberia had been studied in our
investigation. It was obtained that intrapopulation variability of cones and seeds morphological
features is apparent on average level on S.A. Mamayev's (1972) scale. The study of
interpopulation variability has shown that distribution of quantitative features depends on
geographical location of population and local environmental features of the region, and
qualitative features are rather stable across area of larch in Siberia.

The populations of Gmelina larch have been studied in Evenkia, Yakutia and Zabaikalskii
regions. The Gmelina larch populations are characterized by increasing variability of
morphological features in hybridization zone with Cajandera larch, also Siberian larch. The
dependence of morphological features generative organs variability and height side of the
population above the sea was found in the mountains Stanovoy Highlands.

The cones morphological features of Cajandera larch have been study in Yakutia and
Magadanskii regions. The main feature of larch Cajandera “the form of a cone” is characterized
by high variability. The variability of this feature is depended on microclimate moisture, because
the study of using of this feature for systematic of Cajandera larch is necessary.

PABPABOTKA AJAEPHBIX MUKPOCATEJJIUTHBIX MAPKEPOB COCHBI
KEJIPOBOW CUBUPCKOM (PINUS SIBIRICA DU TOUR) IO JAHHBIM
IMNOJTHOTI'EHOMHOI'O CEKBEHUPOBAHMUSA

benokonnb M.M.l, ITonskoBa T.A.l, IIIaToxuHna A.B.l, Myapuk E.A.l, benokonn
10.C., IIyrunueBa 10.A2% OpemkoBa H.B.”, osnToB I[.B.l, Kpyrosckuii K.B. 1245
Yucruryr o6meit renernkn um. H.A. Bapumosa PAH, Mocksa, Poccust; belokon@vigg.ru
2CH6Hpc1<Hﬁ dbenepanbHblil yHUBepcHuTeT, KpacHosipck, Poccust
SI/IHCTI/ITyT neca uM. B.H. CykaueBa CO PAH, Kpacnosipck, Poccus
‘CérTHHTeHCK M yHUBepcuTeT uM. I'eopra-ABrycra, ['értunren, ['epmanus
*Texacckuit yauBepcuteT A&M, Komnemx-Creitmen, Texac, CLITA

I'eHOMHBIE HCCIEOBAaHUS XBOWHBIX JIPEBECHBIX PACTEHUN C MPUMEHEHHEM METO/OB
CCKBEeHHpOBaHMs HoBoro mokosenust (T.H. Next-Generation Sequencing) 3HaYHUTEIBLHO
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pacUIMPSIOT MPAKTUYECKOE MPUMEHEHUE MOJIEKYJISPHBIX OMOTEXHOJIOTUN B JIECHOM XO3SHCTBE.
OIHUM U3 HUX SIBIIAETCS MOJIEKYJISIPHO-TEHETHUYECKOEe MapkupoBaHue ¢ noMmoupio JIHK-ananuza
Uis  Uened  uIeHTH(UKAUWM, W3YY4eHHUS  MONYISIHMOHHO-TEHETHMYECKOW  CTPYKTYPHI,
ruOpuIu3auuu U T.JA., 4YTO OCOOCHHO aKTyaJbHO B CIyyae JIPEBECHBIX PACTEHUH, Yy KOTOPBIX
NOJIy4eHUE TeHETHYECKOW nH(pOpMAIUK Ha OCHOBE (DEHOTHUIIA OCIIOKHACTCS MOAUDUITUPYIOIIUM
JeicTBUEM OKpyXarolled cpeabl M OOJbIION JUIMTENbHOCTBIO IOKOJEHMs. SlnepHble
MHUKPOCATEIUIUTHBIE JIOKYCHI, Oyiarogapsi CHenu(puuHOCTH, KOJOMHHAHTHOCTH M BBICOKOMY
YPOBHIO IOJUMOp(H3Ma SBISIOTCS LEHHBIM HHCTPYMEHTOM JUIsl T€HETHYECKOro aHajlu3a Ha
HOMYJSIUOHHOM W WHAMBHIYaTbHOM YypoBHAX. OJHAKO A OJHOTO M3 BAKHEHIINX B
9KOHOMHYECKOM M HKOJIOTMYECKOM OTHOLICHMSX JIECOOOpa3yrIIMX XBOWHBIX BUI0B Poccum —
cubupckoi keapoBoii cocubl, Pinus sibirica Du Tour — crenuduyeckux MUKPOCATEIUIUTHBIX
npaiiMepoB 10 CUX MOp pa3paboTaHo He ObLIO. IIONMHOreHOMHOE CEeKBEHHPOBAHUE I103BOJIUIIO
UJACHTUPHUIMPOBATE OONBIIOE YHMCIO TaKUX JIOKYCOB B IeHOMe Keipa U paspaborars [TL[P
npaiiMepsl Ui aMIUIM(UKalUU U TeHOTUIIMPOBAaHMUs HEKOTOPBIX U3 HUX. Pa3paboTka npaiimepos
npoBoauiiack B Jlaboparopuu necHoil renomukun Hay4uHo-o0pa3oBaTenbHOro HEHTPAa FEHOMHBIX
HCCIICIOBAHMIMA Cubupckoro benepanbHOrO YHUBEPCUTETA (http://genome.sfu-
kras.ru/forest_genomics) Ha OCHOBaHMM KOHTHI'OB, MOJYYEHHBIX IPH IMOJHOICHOMHOM aHAJIH3e
CHUOUPCKON KeAPOBOIM COCHBI U COJIEpKAIUX KOPOTKUE TaHAEMHbIE TIOBTOPHI (IIOBTOPSIOIINECS
MOTUBBI U3 3-6 map HykieoTwaoB). Jlns TectupoBanus wucnosib3oBaiu ooOpasubl JIHK
UH/IMBUYAJIbHBIX JIepEeBbEB CHOUPCKONW KeIpOoBOM COCHBI U3 14 BBIOOPOK, MPEACTaBIISIOIIUX
0osbIIyIO YacTh BUAOBOTO apeana. Ha nepom stane Obuin nporectupoBansl 40 nap npaiimepon
JUIS JIOKYCOB, Y KOTOpBIX B KOHTHIaxX COJEpPXaJloChb HE MEHee IISATH IMOBTOPOB. Y CTOWYHMBO
aMIUTUPUIMPOBAIUCH 29 JIOKYCOB, OHAKO YPOBEHb NOIUMOp(H3MA IO HUM ObUI OTHOCUTEIBHO
HU30K — OT JIByX JI0 uYeThlpex ajuiened Ha jokyc. HoBas cepus u3 30 map mpaiimepoB Obuia
pa3paboTaHa Ha OCHOBE KOHTUTOB, cojepkamux oT 10 10 16 KOpOTKUX TaHJEMHBIX TOBTOPOB.
Cpenu 14 n0okycoB ¢ ycTOMUMBON aMIUIM(pUKAUMEH U UHTEPIPETUPYEMbIMH MaTTEPHAMHU OJUH
JOKYC OKa3zajcs MOHOMOP(HBIM, a OCTaJbHBIC JOKYCHl OBUIM MOMMMOP(HBIMU, TPU 3TOM
HanOoJiee MPOCThIE CIEKTPBI C OJHOM 30HON, YMCIIOM ajiesiel OT ABYX J0 CEMU U OXHJaeMOi
rerepo3urotrHocteio ot 0,2 no 0,875 moxazanm BoceMb JIOKycoB. B 1enom, B gaHHO#M cepuu
MOJy4eH MEHBIIUN MPOIEHT JIOKYCOB €O crenupuueckoi aMmmiaudukamnye, Ho ropaso 6osee
BBICOKMI BBIXOJI MOJMMOP(HBIX JIOKYCOB MO OTHOIIEHHIO K OOLIEMY TECTUpyeMOMY Habopy.
Taxkum 06pazom, Mo pe3yabTataM TecTUpoBaHUs 70 MUKpOCATEIUIMTHBIX JIOKYCOB C TpHU-, TETpa-
U TICHTAaHYKJICOTUIHBIMU NOBTOpamMH OblTM oTOOpaHbl 20 NEpCHEeKTUBHBIX CpEeAHE- U
BBICOKOTIOJIMMOP(HBIX JIOKYCOB, KOTOPbIE MOXHO HCIOJIb30BaTh KaK F€HETUYECKUE MapKephl B

MOMYJISIITHOHHO-TEHETHUECKUX UCCIIEIOBAaHUSIX CHOMPCKOM KEIPOBOI COCHBI.

Paboma evinonnena 6 pamvkax npoekma «leHomHble UCCIE006AHUSL  OCHOBHBIX
OOpeanvHblX 1eco00paA3yIouWUx XEOUHLIX 6U008 U UX Hauboiee ONACHBIX NAMO2EHO8 8
Poccuiickoti Deoepayuuy, @unancupyemoeo  Ilpasumenvcmeom — PD (0ozo60p

MNe 14.Y26.31.0004).

DEVELOPING NUCLEAR MICROSATELLITE MARKERS IN SIBERIAN STONE
PINE (PINUS SIBIRICA DU TOUR) USING WHOLE GENOME SEQUENCING DATA
Belokon M.M.! Polyakova TAL ShatokhlnaA \VA Mudrlk EAL Belokon YusS.t!
Putintseva YU.A 2 , Oreshkova N.V.2 3 Politov D. VA , Krutovsky K.V.Y
IN.I. Vavilov Institute of General Genetics, Russian Academy of Science, Moscow, Russia
belokon@vigg.ru
°Siberian Federal University, Krasnoyarsk, Russia
3V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences,
Krasnoyarsk, Russia
4Georg -August University of Gottingen, Gottingen, Germany
>Texas A&M University, College Station, Texas, USA

Genomic research in conifers using Next-Generation Sequencing (NGS) provides new
tools and direct benefits for practical applications in forestry. Molecular genetic DNA markers
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are among such tools that can be used for individual identification and to study population
genetic structure. These tools are especially useful for forest trees, where obtaining genetic
information is hampered by modifying environmental effects and long generation time. Due to
their advantageous properties such as specificity, high variability, and co-dominance, nuclear
microsatellites represent very useful markers for genetic analysis at both population and
individual levels. However, specific microsatellite markers have not been developed untill this
study for Siberian stone pine (Pinus sibirica Du Tour), one of the most economically and
ecologically important forest-forming conifer species in Russia. The whole genome sequencing
allowed us to identify numerous microsatellite loci in the Siberian stone pine genome and to
develop PCR primers for amplification and genotyping some of them. Several sets of new PCR
primers have been designed at the Laboratory of Forest Genomics in Genome Research and
Education Center of Siberian Federal University (http://genome.sfu-kras.ru/en/forest_genomics)
based on contigs obtained in the whole genome sequencing of Siberian stone pine and containing
short tandem repeats (3-6 bp long motifs). DNA isolated from trees representing 14 range-wide
population samples of P. sibirica was used for primer testing. The first set of 40 primer pairs was
derived from contigs with microsatellite loci containing no less than 5-9 repeat motifs. In this
first set 29 loci had consistent amplification, but a relatively low level of polymorphism was
detected for them (2-4 alleles per locus). The first set of primers demonstrated high specificity of
amplification, but relatively low polymorphism. The second set of 30 primer pairs was designed
based on contigs containing higher number (10-16) of short tandem repeats. Among 14
consistently amplified and reliably interpreted loci one was monomorphic while out of the rest
13 polymorphic loci only 8 demonstrated clear single locus amplification patterns with 2-7
alleles and expected heterozygosity varying from 0.2 to 0.875. This primer set provided lower
proportion of loci with specific amplification but higher number of polymorphic loci. Thus, in
total from the tested 70 primer pairs 20 can be used to reliably genotype microsatellite loci with
moderate to high level of polymorphism. These loci can be used as genetic markers in population
genetic studies of Siberian stone pine and other applications.

The presented study was a part of the project "Genomic studies major boreal coniferous
forest tree species and their most dangerous pathogens in the Russian Federation” funded by the
Government of the Russian Federation (contract Ne 14.Y26.31.0004).

CTPYKTYPHO-®YHKIIMOHAJIBHASA OPI'AHU3AIIUA JIMCTA Y BOPEAJIBHBIX
BHJIOB XBOWHBIX: XAPAKTEP Y IIPUPOJIA PASHOOBPA3USI
Bennep O.I'., bennep A.I'.
WHCTUTYT MOHUTOpPUHTIA KIIMMAaTH4YEeCKUX U 3kosorndeckux cuctem CO PAH, Poccus;
obender65@mail.ru

MHoOro4uciaeHHbIE UCCIENOBAHUA  IIO ¢doTonepruoAMYECKOMY  BO3/EHCTBHIO
CBHUJICTEIBCTBYIOT O BIIMSIHUE JUIMHBI JHA Ha pPOCT XBOWHBIX. Bmecte ¢ Tem Bompoc o
KOHKPETHOU posii (oTONepHoaa B PETYJISIIMUA POCTa BEYHO3EIEHBIX PACTEHUN B €CTECTBEHHBIX
YCIIOBUSIX OCTAeTCsl HE ACHBIM M3-3a MHOrooOpasusi (pakTopoB, BIUAIOMKX Ha pocT. KoHTpob
POCTOBBIX IPOLIECCOB OYEHb BAKEH I aJaNTallMd IPEBECHBIX PACTCHUM MPOU3PACTAIOLIUX B
palioHaX C HU3KUMHU 3UMHUMH Temneparypamu. CymiecTByeT HECKOIBKO TOYEK 3pEHHs O
MEXaHU3MaX KOHTPOJUPYIOIUX MPEKPaLIeHHe pPOCTOBBIX MpPOIEccoB U  (OpMHUpPOBaHUE
XOJIOJIOYCTOMYMBOCTH JIpEBECHBIX pacTeHuil. OIHa M3 HUX CYUTAeT TIJIaBHBIM (HhaKTOpOM
U3MEHEHUE CYMMBI IIOJIOKUTEIIBHBIX TeMIeparyp. Bropas Touka 3peHus 3aKI04YacTCs B TOM 4TO
[JIaBHBIM (PaKTOpOM SBIIETCS AJUHA (oTomepuosia, U C TPEThel TOUKH 3peHuss W JUIMHA
¢doroneproaa U CyMMa IMOJOKUTEIBHBIX TEMIEpaTyp BIMAET Ha POCTOBBIE NMPOLECCH. Takum
o0pa3oM, TpeAcTaBisieT MHTEPEC H3YYEHHE POCTOBBIX IPOILECCOB M HAKOIJIEHHE OHOMacChl
KeJ[pa CHOMPCKOTO B CBSA3H € MPOJIOJKUTEIBHOCTBIO JTHS HAa paHHHUX 3Tanax OHTOTEHe3a.

Jlis  BbIBIEHHST OCOOEHHOCTEH pOCTa M HAKOIUIEHHE OMOMacChl CEsSHIEB Keapa
CHOMPCKOTO BBIPAIIEHHBIX U3 CEMSIH CEBEPHBIX M FOXKHBIX MOIMYJSALMMA NMpU pa3HOW JUIMHE JHS,
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CeMeHa Keapa CHOMPCKOTO CEBEPHOTO MPOUCXOXKIACHHS OBUTH COOpaHBI B JIBYX MOIYJISIHUSX,
pacnionoxxeHHbix B Illypeimkapckom paiione Smano-HeHerkoro aBTOHOMHOTO OKpyra Ha
nepBoii Teppace p. O06b (65°49' c.mr., 65°55' B.1.). CeMeHa FOKHOTO TPOMCXOXKICHUS OBLIN
cobpanbl B ToMckoit obmactu B bazolickom keapoBHuke (55°44' c.mi., 83°21' B.x.). [lo ogHOMY
KoHTeiHepy ¢ 50 cTpanupuIUpOBaHHBIMA CEMEHAMU KaXIOW MOMYJISIIHA ObUTH TTOMEIICHBI B
JIBE POCTOBBIE Kamepbl. B mepBoil kamepe ObLI ycTaHOBJIEH (OTONEPUOM, XapaKTEPHBIM AJis
mmpoThl ToMckol o6mactu. Bo Bropoit kamepe it mupotsl Canexapia.

N3ydyenne mopdorenesa cesHIEB MOKa3ajao, YTO Yy CESHIIEB IOKHON MONYJISIUU MpPU
KOpPOTKOM JHE (popMHpyrOTCs Oojiee JUIMHHBIE TEpPMUHAIbHBIC W Ta3ymiHbie Touku. Ho mpu
JUIMHHOM JTHE 3aKJIa/IbIBaeTCsl OOJIbIIE Ma3yIIHbIX MMOYEK. Y CESHIIEB CEBEPHOM MOMYJSALIUU MPU
KOPOTKOM JHE YBEJIIMYMBAIACH JJIUHA TEPMHUHAIBHOW TMOYKU. UMCIO Ma3ylmIHBIX MOYEK U UX
BBICOTA JIOCTOBEPHO HE OTJIMYAINCh OT BapuaHTa JUIMHHOTO AHA. [Ipu JUIMHHOM JHE Yy CesiHIIeB
I0KHOM TOMYNSIUM TMPOU30LUIO0 YUIMHEHHE HAJCEMSOJIBHOr0 mobera, u M3 3aJ0KUBIIMXCS
Ma3yIIHbIX MOYEK MPOpPOCiIu OpaxubiIacThl, YTO HE XapaKTEPHO AJIS Pa3BUTHS CESHIIEB Kelpa B
NEPBBIA TOJl pa3BUTHA. B OCTanbHBIX BapHaHTAaX B Pa3BUTHH CESHIICB KeApa HE HAOIIOMAIN
OTKJIOHEHHI OT HOPMaJIbHOTO (JOPMUPOBAHUS CESTHIIEB TIEPBOTO TOIa POCTA.

HOxHBIE CeHIIBI BRIPAIICHHBIC TIPU JUTHHHOM JIHE 3HAYUTEIBHO MPEBOCXOIUIIHN IO OOIIeH
Macce W Macce OTIENbHBIX 4YacTel CesHIbl BBIPAIICHHbIE B KOPOTKOAHEBHOM BapHaHTE.
[IpeBbimieHne Oojee 4eM B J1Ba pa3a Macchl HAJ3€MHOM YacTW JIMHHOAHEBHOTO BapHaHTa
I0KHOW MONyJsuU ObUIO OOYCIIOBJICHO MPOpPACTaHUEM M pa3BUTHEM OpaxuOiIacTOB, 4Eero He
HaOJIIOaTI0OCh B JIPYTUX BapuaHTax. YBEIUYEHUE MAcChl HAJ3€MHOH YacTH B CBOIO O4YEpelb
MOBJIUAJIO HA YyBeIWMYeHHEe Macchl KopHed. CesHIbl I0KHOW U CEBEpHOM MOMYIISIHH
KOPOTKOJHEBHOTO BapHaHTa HE (GOPMHUPOBAIHN OpaxuOIacTsl, TEM HE MEHEE Macca BCeX yacTei
IO’KHBIX CesHIIeB ObL1a 60jiee yeM B 2 pasa BBIIIE. YEM Y CEBEPHBIX.

Takum 00pa3oM, OTCYTCTBHE pEaKIMH CESHIEB CEBEPHOW IMOMYISIUUA B TIPOILECCe
dbopMUpOBaHUSA TMA3YIIHBIX CTPYKTYp CBHUJETEIBCTBYET 00 TEHETHYECKON JeTepMHUHAINU
MPOXOXKACHHUS ATAOB MOPQOreHe3a W O MCHBIICH IIAaCTHYHOCTH CEBEPHBIX MOIMYISAIHNA K
M3MEHSIOIIMMCS YCIOBUSIM OKpyXarolel cpenbl. OTCYTCTBHE PEaKIMU CEsHIIEB CEBEPHOI
MOMYJISIIIAA B TIpoIiecce (POPMUPOBAHUS TMA3YIIHBIX CTPYKTYP M HU3KHE 3HAYCHUS OMOMACCHI
CESTHIIEB CBUJIETENLCTBYET 00 T€HETUUYECKON JEeTePMUHAIINH MPOXO0KICHUS ATAoB MopdoreHesa
Y O MEHBIIIEHN TIaCTUYHOCTH CEBEPHBIX MOMYIISIIIUMN.

STRUCTURAL AND FUNCTIONAL ORGANIZATION OF BOREAL CONIFER
SPECIES LEAVES: TYPE AND ORIGIN OF DIVERSITY
Bender O.G., Bender A.G.
Institute of Monitoring of Climatic and Ecological Systems, Siberian Branch, Russian;
obender65@mail.ru

Numerous studies of photoperiodic influence show the effects of the day duration on the
conifer growth. However, the question of the photoperiod role in regulating the of evergreen
plant growth in the nature is not clear because of the variety of factors affecting growth. Control
of growth processes is very important for the adaptation of woody plants growing in areas with
low winter temperatures. There are several points of view about the mechanisms controlling the
growth process termination and the cold hardiness formation of woody plants: 1) the main factor
is the change of sum positive temperatures; 2) the main factor is the photoperiod duration; 3)
both the photoperiod duration and the sum positive temperatures affect the growth processes.
Thus, the growth processes and biomass accumulations of Siberian stone pine seedlings (Pinus
sibirica Du Tour) under the influence of day duration are of wide interest.

Siberian stone pine seeds of northern origin were collected in two populations located in
Shuryshkarsky region of Yamalo-Nenets region on the river Ob first terrace (65°49'N, 65°55'E).
Seeds of southern origin were collected near village Bazoy of Tomsk region (55°44'N, 83°21'E).
Fifteen seeds each population were sown in pots which were 25%50 cm square and placed in two
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growth chambers. In the first chamber was established photoperiod of the Tomsk region latitude.
In the second chamber was established photoperiod of the Salekhard region latitude.

The study of seedling morphogenesis showed that seedlings of southern population under
short days formed longer terminal and axillary buds. But greater amount of axillary buds were
formed under long day. Under short day length of the terminal bud of northern seedlings
increases. The number of axillary buds and their height did not differ significantly from the long
day seedlings. The seedling shoots of southern population located above cotyledons became
longer under long day and brachyblasts germination from axillary buds, which is not typical for
the development of one year seedlings. In other cases, the development of Siberian stone pine
seedlings was without deviations from the normal seedlings formation of the first year growth.

Southern seedlings grown under long day are characterized more total weight and the
weight of individual parts than the seedlings grown under short day. Excess more than twice of
the aboveground mass of long day southern seedlings was caused by brachyblasts germination
and development, which is not observed under other treatments. The increase of mass of
aboveground parts in turn influenced the increase in the mass of roots. Seedlings southern and
northern populations under short day did not form brachyblasts, nevertheless weight of all parts
of the southern seedlings was more than 2 times higher than in northern ones.

Thus, the lack of day length influence on the formation of axillary structures and little
biomass of northern populations seedlings indicates genetic determination of morphogenesis
phases passing and low plasticity of the northern populations.

COCTOSIHUE OBBEKTOB ITIOCTOSIHHOM JJECOCEMEHHOM BA3bI JAYBA
YEPEIIYATOTI' O B BEJII'OPOJICKOM, BOPOHEKCKOM, KYPCKOM U
JUMNENKOM OBJIACTSIX
baarogaposa T.A.

Bcepoccutickuit HUU necHol reHeTHKH, CeICKIIMA U OMOTEXHOJIOTHH
Tana-Blagodarova@yandex.ru

bazoii myis opraHuzanuu JIECHOTO CEMEHOBOJCTBA HAa T'€HETHUKO-CEJIEKIIMOHHOMW OCHOBE
ABJISIIOTCA ~ JIy4IIME €CTECTBEHHBIE WJIM HCKYCCTBEHHBIE HACAXKICHUS, BBIJCISIEMbIE IpU
CEJIEKIIMOHHON MHBEHTAPU3ALINH.

bonee nHTEHCUBHBIN CENEKIIMOHHBIN MPOIECC COCTOUT B OTOOPE MO (PEHOTUIY HAMITYUIINX
«IJTIOCOBBIX»  JIepeBheB  (OMOTUIIOB), B TEpPBYIO OdYE€peab B  BBIICIEHHBIX  JIyUIINX
MUKPOTIONYISIuUsAX (TUItocoBasi cenekius). [IrocoBbie 1epeBbs UCMONB3YIOTCA KaK MAaTOYHbBIE IS
B3STUA C HHUX JIMOO CEeMSH JUIsl TIONY4YeHHUs CaXCHIIEB Ha 3aKjIajKy IUIaHTalui TUMa
cemelicmeenHblx, TU00 A B3SITHS OT HUX YEPEHKOB AJS MPUBUBKUA U CO3JIaHUS U3 MPHUBHUTHIX
CaXEHIIEB JIBYX KaTErOpUil HACAXKICHUU: KIOHOBbIX (NPUBUBOUHBIX) NE€COCEMEHHbIX NAAHMAYUL
nepeo2o NopsoKa U KJIOHOBbIX APXUBOS.

DTOT METOJ CEJIEKIIMOHHOTO OTOOpa B MPHUPOJIE, KOTOPHIA IMOJYy4YWJI celdac 3HaueHUe
OCHOBHOTO B JIECHOM XO3SIIICTBE, CIIOKUJICS Ha 0aze YUeHHs O MOMYJISAIIMOHHOW CTPYKTYpe BUIA U
MPUHIUIIAX TEHIKOJOTHMYECKOW CHUCTEMAaTUKU WM OMOCHCTEMAaTHKH pPAacTeHH. XOTS MHOTHE
JIECOBOMBI-CENIEKIIMOHEPBI I COXpaHeHHWsl  OuopasHooOpasus  OTHAIOT  MPEANoYTEeHUE
MOMYJSIIMOHHON CENEKIIMM JPEBECHBIX pACTEHWH, TaK KaK HACIeAyeMOCTh TPHU3HAKOB
MPOJIYKTUBHOCTH ILTFOCOBBIX JIEPEBHEB HEBBICOKASI.

OcHoBHBIE 00BEKTHI MOCTOSTHHOM JecocemenHoi 6a3pl (IIJICB) 6biau cozmanst B 70-80 rT.
MPOIJIOrO BE€Ka U MPECTABIECHbl B OCHOBHOM ILTFOCOBBIMU HACAKIECHUSAMHU U JIEPEBbSIMU, KOTOPHIE
BXOJISIT B COCTAB TIOCTOSIHHBIX JIECOCEMEHHBIX YYaCTKOB, B BOPOHEKCKOM 0071aCTH MMEIOTCS TaKkKe
1 JIECOCEMEHHbIE TIIaHTaIUH.

Cucrembl CENEKIMHM 3aBHCIT OT CHCTEM pa3MHOXKEHHsS BUIOB pacteHuid. CosmpaHue
BBICOKOIIPOYKTHBHBIX JIECHBIX KYJIBTYp 1yOa B HacTOsIIee BpeMs OPUEHTHPOBAHO HA CEMEHHOE
pasmMHOXKeHrne. B BopoHexke co3maH  CEeNeKIMOHHO-CEMEHOBOAYECKUN KOMIUIEKC, KOTOPBIN
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MPEUMYIIECTBEHHO IMOJy9aeT HOPMAJIbHBIE W YIyYIICHHBIE CEMEHA, COOpaHHBIE B JIYYIIUX
MONYJISAHSIX Ty0a.

Pa3paborka nporpammsl coznanus [IJICE ny6a uepemrdaroro B 1eHTpaIbHO-4YEPHO3EMHBIX
pailoHax mpeaycMaTpuBaeT MPOBEACHHUE JOKYMEHTAJIbHOM W HATYpHOM WMHBEHTApU3aLUU
UMEIOIUXCS CEJIEKIIMOHHO-CEMEHOBOTYECKMX OOBEKTOB (TUIFOCOBBIX HACAKICHUHA U JCPEBBEB,
MOCTOSIHHBIX JIECOCEMEHHBIX YYaCTKOB U JIECOCEMEHHBIX IJIaHTALUN, apXUBOB KJIOHOB IUTFOCOBBIX
JIEPEBHEB, UCIBITATEIBHBIX KYJIBTYP) UM OLIEHKY MX COOTBETCTBHS TPEOOBAaHUSM HOPMATHBHBIX
JIOKYMEHTOB.

Janubie wunBeHTapuzauuu oObekToB [IJICH mokaszamu, 4to reHpesepBarbl ayba B
benropoackoii o6iactu cocraBisroT 6osee 278 ra, [TJICY 6onee 449 ra, orodpano 155 mrocoBbix
JepeBbeB; B BopoHExkCcKol 00JIacTu reHpe3epBathl Ayda cocraBisior 6onee 1834 ra, IVICY 1610
ra, JICII — 12 ra; B Kypckoii o6actu otobpano okosio 19 ra mmrocoBsix Hacaxaenui, [IJICY 30,8
ra, oroOpaHo 78 MIIOCOBBIX JepeBbeB; B Jlumenkoii obmaactu — okono 68 ra ITJICY, otobpano 44
IUTFOCOBBIX JIEpEeBa.

Cocrosnue o0bextoB IIJICH KpailHe yHOBIETBOPUTENIBHOE, YyXOAbl 32 OOBEKTAMHU HE
MPOBOJSATCS, cucTeMa yrpaBieHus U ¢uHaHcupoBanue obwvekramu I[IJICH He oTpaboTaHbl B
paspese JlecHoro konekca. YacTh OOBEKTOB MPEUIOKEHO CIHCATh IO MPHYUHE YXYIIICHUS
CaHUTApPHOr'0 COCTOSIHUS ITOCOBBIX AepeBbeB, IIJICY u JICIL

PexoMenyercst mepeuncieHHble 00BEKTHI TOCTOSHHON JIECOCEMEHHOM 0a3bhl MAaKCHMAJILHO
UCIIONIb30BATh ISl TIOJYYEHUsS! YIYYIIEHHBIX CEMSH M OTpaboTaTh CUCTEMY CHAOXKEHHUS ITUMHU
CEMEHaMM CEJIEKLIHOHHO-CEMEHOBOUYECKUM KOMILIEKC, I'/Ie MOJIy4aroT [10CaI04YHbIX MaTepHal Io
(bUHCKOIT TEXHOTOTUH.

CONDITION OF PERMANENT FOREST SEED STANDS OF ENGLISH OAK IN
BELGOROD, VORONEZH, KURSK AND LIPETSK REGIONS
Blagodarova T.A.

Research Institute of Forest Genetic, Breeding and Biotechnology, VVoronezh, Russia; Tana-
Blagodarova@yandex.ru

The basis for the organization of forest seed production on genetic-selection basis is the
best natural or artificial plantations that are selected during selection inventory.

More intensive selection process involves the selection of the best phenotypically "plus”
trees (biotypes), primarily in the selected best micropopulations (plus tree selection). Positive
trees are used as mother ones to take the seeds or seedlings for laying plantation of family type,
or for taking cuttings from them for grafting and creation of grafted seedlings of two categories
of plants: clone (grafted) forest seed orchards of the first order and clone banks.

This method of selection in nature, which has received now the main value in forestry,
was formed on the basis of the doctrine of the population structure of species and principles of
genetic and ecologic systematics or biosystematics of plants. While many forest breeders prefer
population selection of woody plants for biodiversity protection, as heritability productivity traits
of plus trees is low.

The main objects of permanent forest seed stands (PFSS) were created in the 70-80 years
of the last century and are mainly represented by plus stands and trees, which are part of the
permanent forest seed plots in the VVoronezh region, there are also seed orchards.

Selection systems depend on the species of plant breeding systems. Creation of highly
productive oak forest plantations is currently focused on seed propagation. In VVoronezh selection
and seed complex is created, which mostly gets normal and improved seeds collected in the best
oak populations.

Development of the program of creating PFSS of English oak in central regions of
Western Russia envisages documentary and field inventory of available seed selection objects
(plus stands and trees, permanent forest plots and forest seed orchards, clone banks of plus trees,
test cultures) and assess of their compliance with regulatory requirements.
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Inventory data of PFSS objects showed that the gene reserves of oak in the Belgorod
region is more than 278 hectares, CFSP more than 449 hectares, 155 plus trees are selected; in
the Voronezh region gene reserves of oak make up more than 1834 hectares, PFSP 1.610
hectares, FSP - 12 hectares; in the Kursk region about 19 hectares of plus stands are selected ,
PFSP 30.8 hectares, 78 plus trees are selected; in the Lipetsk region - about 68 hectares of PFSP,
44 plus trees are selected.

Condition of PFSS object is extremely satisfactory, taking care of the objects are not
carried out, the control system and the financing of PFSS are not worked out in the context of the
Forest Code. Some facilities are offered to be written off due to the deterioration of the health of
plus trees, PFSS and forest seed plantations (FSP).

It is recommended that the above objects of permanent seed stands should be used as
much as possible to obtain improved seeds and work out a system of supply of these seeds of
selection and seed production complex, where planting material is produced by the Finnish
Technology.

N3YUYEHUE XJIOPOIIJIACTHOI'O TEHOMA JINCTBEHHUIIbI CHBUPCKOM
(LARIX SIBIRICA LEDEB.) U PABPABOTKA IMOJIUMOP®HbIX
XJIOPOIVIACTHBIX MAPKEPOB
Bonnap E.HN., IIyrunnesa F0.A.L Opemkosa H.B.'?, Kpyrosckuii K.B.
'Cubupcknii enepanbHbiit yuuBepcuret, KpacHosipck, Poccus, bone-post@ya.ru
’Wncruryt neca um. B.H. Cykauesa CO PAH, Kpacrosipck, Poccnst
éTTHHreHCKuit yHUBepcuTeT uM. ['eopra-ABrycra, I'értunren, I'epmanus
4I/IHCTI/ITyT o61eit renetuku um. H.M. Basunosa PAH, Mocksa, Poccust
*Texacckuii yausepcuteT A&M, Komnemx-Creitien, Texac, CILIA

13,45

OCHOBHBIMH TIE€TISIMH JAHHOTO HCCIICJOBAHUS SBISUIMCH COOpKa W aHHOTHPOBaHHE
XJIOPOILJIACTHOTO T'€HOMa JIMCTBEeHHHIBI cuOmpckoi (Larix sibirica Ledeb.), a Taxke mouck
HOJMMOP(HBIX M€HETUYECKUX MapKepPOB — MPOCTBIX MHUKPOCATEIUIUTHBIX MOBTOPOB (SSRS) u
OHOHYKJICOTHTHBIX TomuMopdu3mMoB (SNP). Jlns cOOpkM TeHOMa HCIOJIh30BAIHCH JaHHBIC
MIOJTHOTEHOMHOTO cekBeHupoBanwus L. sibirica, momyuennsie Ha npubdope Illumina HiSeq2000 B
JlaGopatopun necHoit reHomukn COY mnon pykoBoactBom mnpod. K.B. Kpyrosckoro wu
co3nanHoi B 2014 r. Ha rpant ot IIpaBurtensctBa P®. O6pazusr JHK Obutn B3sTH 11 Tpex
JIEPEBBEB: KPACHOSIPCKOTO, XaKAaCCKOTO W YpalIbCKOTO. AcceMOIMpOBaHWE TPOM3BOIWIOCH C
UCIIOJIb30BaHUEM TMporpamMMm KapTupoBaHus Bowtie2 u renomHoro accemOinepa SPAdes.
AHHOTUpOBaHME T€HOMa MpPOBOAWIOCH MNpH momoum cepsuca Rapid Annotation using
Subsystem Technology (RAST) .Jlns moucka SNPS B xakacckoil U KpaCHOSPCKOM MOMYJSIUSIX
HCIIOJIb30BAIKCH NporpaMMbl Bowtie2 u Ugene.

JlnuHa xjoporutactHoro reHoma L. sibirica cocrasuna 122561 bp u 6imska k 122474 bp
y OnmuskopoactBenHoit Larix decidua Mill. B pesynbrare aHHOTHpPOBaHHMS M CpPaBHEHUS
NOJTYYEHHBIX JTAaHHBIX C YK€ HMMEIOIMUMHCS ONm3KopoacTBeHHbIME Bujaamu L. decidua u L.
occidentalis, 6pu1 BbIsIBIIeH 121 KOAMPYIOIIUI y9acTOK, U3 KOTOPBIX 34 COOTBETCTBYIOT I'€HAM
TPHK u 87 CDS. Cpemu Tpex naepeBbeB HaijmeHo 13 SNPS, nBa W3 HHX HaxoJiaTcs B
xkomupytonmx ydactkax remoma: tRNA-Arg u Cell division protein FtsH. B kpacHosipckoii
nomynsiiinu Haiiieno 16 SNPS, oanH u3 HUX HaxoauTcs B kKoaupytromeit 3oue FtsH. Jlns o6enx
NOMYJSIIMK ObLIO BBISIBIEHO 9 001ux SNPs.

Paboma evinonnena 6 pamkax npoekma «l enomMHble UCCIE008AHUA  OCHOBHBIX
OopeanbHblx 1€CO00PA3YIOWUX XBOUHLIX 6U006 U UX Hauboiee ONACHLIX NAMO2EHO8 6

Poccuiicroii Dedepayuuy, ¢unancupyemozo  Ilpasumenvcmeom  P®D (0o2o60p
Ne 14.Y26.31.0004).
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STUDY OF SIBERIAN LARCH (LARIX SIBIRICA LEDEB.) CHLOROPLAST
GENOME AND DEVELOPMENT OF POLYMORPHIC CHLOROPLAST MARKERS
Bondar E.l1.}, Putintseva Yu.A.}, Oreshkova N.V."? Krutovsky K.V.13#4>
1Siberian Federal University, Krasnoyarsk, Russia; bone-post@ya.ru
2\/.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences,
Krasnoyarsk, Russia
3Georg-August University of Géttingen, Gottingen, Germany
*N.1. Vavilov Institute of General Genetics, Russian Academy of Sciences, Moscow, Russia
*Texas A&M University, College Station, Texas, USA

The main objectives of this study were assembling and annotation of chloroplast genome
of Siberian larch (Larix sibirica Ledeb.) and detection of polymorphic genetic markers — simple
microsatellite repeats (SSRs) and single nucleotide polymorphisms (SNPs). We used data of the
whole genome sequencing of three Siberian larch trees from different regions - Urals,
Krasnoyarsk, and Khakassia, respectively. Sequence reads were obtained using the Illumina
HiSeq2000 in Laboratory of Forest Genomics at the Genome Research and Education Center in
SFU. The assembling was done using the Bowtie2 mapping program and the SPAdes genomic
assembler. The genome annotation was performed using the RAST service. For SSRs search we
used the SciRoKo program, for SNPs detection — the Bowtie2 and UGENE programs. Length of
the assembled chloroplast genome was 122,561 bp, which is close to 122,474 bp in the closely
related European larch (Larix decidua Mill.). As a result of annotation and comparison of the
data with existing data available only for two larch species - L. decidua and L. occidentalis
(partial genome of 119,680 bp), we identified 121 coding regions, 34 of which represented RNA
and 87 - CDS genes. Total 13 SNPs were detected; two of them were in the coding regions of the
genome: tRNA-Arg and Cell division protein FtsH.

The presented study was a part of the project "Genomic studies major boreal coniferous
forest tree species and their most dangerous pathogens in the Russian Federation™ funded by the
Government of the Russian Federation (contract Ne 14.Y26.31.0004).

Ob YIHIEPBE OT KJIEHA ACEHEJIMCTHOI'O (ACER NEGUNDO) 1 MEPAX
MMPOTUB EI'O PACITPOCTPAHEHUSA
Bonnapes A.5.
Poccuiickuit nenTp 3ammrsl jeca — L{eHTp 3amuTel neca Anraiickoro kpas, bapnayin, Pocens;
altcanis@mail.ru

Cornacno KonBeHuun o OuonorndeckoM paszHooOpasun [Konsenuus..., 1995] wu
Crparerun 1o HWHBa3MOHHBIM BHUAAaM EBpOIbl yHMUYTOXXEHHE TAaKUX BHUJOB OTHECEHO K
MPUOPUTETHBIM HANpPABICHUSM B 00ECMEYEHUH OJKOJIOTUYECKOM O€30MacHOCTH B paMKax
Dxonorudeckoit AokTpunHbl Poccuiickoit ®enepannu (omobpena pacropspkennem Ne 1225-p
[IpaBurensctBa P® ot 31.08.2002 r.). U3 50-Tu BUAOB HMHTPOAYLIEHTOB, CO3/AIOIINX
HEraTUBHBIE OSKOJOTMYECKHME W DKOHOMHUYECKHE MpOoOJeMbl, KIEH aMEepUKaHCKUN WU
SICEHEeNTUCTHBIN (Acer negundo) OTHOCAT K 4MCITYy Haubojee arpecCHBHBIX H3-3a €0 BBICOKOM
HKOJIOTMYECKOH TIacTUYHOCTH. [IpucyTcTBre 3TOro KiI€Ha BEET K CYIIeCTBEHHOMY NU3MEHEHHUIO
HKOCHUCTEM, B TOM 4YHCJI€ K BBITECHEHHIO U HCUE3HOBEHHIO a0OPUICHHBIX BHJIOB, YXY/IIECHHUIO
KOPMOBO# 0a3bI )KUBOTHBIX, B TOM YHCJI€ KPYITHBIX KOITBITHBIX.

MupoBo#i, OTEYECTBEHHBIN OMNBIT W HAIIU HAOMIOJEHWS TOKa3alid, 4TO KIEH, IO
CYIIIECTBY, HE UCTPEOUM (BEPOSTHOE MCKIIOUEHNE — HEOTHOKPATHAS PACKOPUYEBKA).

B cenpxo3yronpsx MHOTHE HeoOpabaTbIBaeMble MOJS U OBIBIIKE CaJIbl 3aPOCIU KICHOM.
B nmone3amuTHOM Jecopa3BeeHUM Ppa3BEIEHUU POJb KJIEHOBBIX JIECOIOJIOC IpPU3HAHA
HETaTUBHOM.

Pa3meps! ymiepba oT KjeHa yBEIMUYUBAIOTCA U MOTYT OBITh OLEHEHBI B 3aBUCUMOCTH OT
CTOMMOCTH HEIOINOJYYEHHOW JIECHOM M CEJIbCKOXO3SMCTBEHHOM MPOAYKIMHM Ha IUIOMIAJAX
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CEHOKOCOB, MACTOMWII, U MPUTOJHBIX IS Jieca, HO 3aHSATBIX STUM BHJIOM, a TAK)KE B CBSI3U CO
CHIDKEHHEM OmopazHooOpaszus. B nmecHoM doHzae oreHKy yiepOa 1enecooopa3Ho Mpou3BOIUTh
cornacHo Ilocranosnenuii IlpasurensctBa PO ot 08. 05. 2007 r. Ne 273, ot 26.05. 2007 1. Ne
806, ot 08.05. 2007 r. Ne 273, ot 22.05. 2007 r. Ne 310 u ot 17.09. 2014 r. Ne 947 ¢ yuérom
koad¢urmenta 1,37; 1,43 u 1,49 coorBercrBerno Ha 2015, 2016 u 2017 rr.

B Anraiickom kpae mpH JIecOycTpolcTBax 13 JIECHMYECTB BBISBICHO IpeoOagaHue
kieHa (oT 5 u OoJiee eAMHMI] B COCTaBe HacaxacHu) B 138 Brimenax Ha miomaau 258 ra. Kien
CBETOJIFOOUB U MOATOMY HanOoJjiee aKTUBHO 3aceisieT y4acTKU C JIECHBIMU KyJabTypamu. Ho u B
COMKHYBILIUXCSl JIPEBOCTOSIX Kpasi 3TOT BUJ €IUHUYHO WM KypTHHAMU PacHpOCTpaHEH MOYTH
noBceMecTHO. B ycnoBusix KemepoBo — AJITaliCKOro J€COTaKCallMOHHOro paiioHa ¢ 1 ra
3acen€HHOro KIE€HOM He Oy/IeT MOTydeHO APEBECHHBI COCHBI OOBIKHOBEHHOU mpumepHo mo 100
KyO METpOB, a OKHUJaeMbli yiiepO, MPUUUHEHHBIN, HaIpUMep, MOJIOJHAKAM JIECHBIX KYJIbTYP
COCHBI BCJIEJICTBUE UX 3aMEIIEHUS KIIEHOM SICEHEJIMCTHBIM, COCTABUT 110 225,9 Thic. pyOiiei Ha |
ra.

Onnako, Bompeku Dkoyiormueckoil nokrpuHe Poccuiickorn ®deneparyiv, camMOBOJIbHBIE
pyOKM WIM  YHMUYTOKEHHE KJIEHA SCEHENHCTHOTro mpoTuBopedyar [locTtaHoBieHUsIM
[TpaButensctBa PO ot 08.05.2007 Ne 273, ot 22.05.2007 r. N 310 u 17.09. 2014 roga Ne 947.
[ToaTOMy BUHOBHBIE TPUBJIEKAIOTCS K MAaTEpUATbHON OTBETCTBEHHOCTH.

Taxke ycrapenu «lIpaBuna co3manus, OXpaHbl U COACPXKAHUS 3€JECHBIX HACAKICHUU B
ropoaax Poccuiickoit @enepauun», yrBepKIeHHble Npuka3oMm l'occtpos PP or 15.12.1999
Nol53, cornmacHO KOTOPBIM KJIEH SICEHETUCTHBIM PEKOMEHJIOBAHO MPUMEHATH JJIsi 03€JICHEHUS
HaCeJIeHHBIX MYHKTOB. K ToMy ke «MeToanueckuMu peKoMEHAAUsIMH IO pa3paboTKe MpOeKTa
COJIEpXaHUsl aBTOMOOWJIBHBIX JIOPOT, YTBEPXKICHHBIMU pacropsikeHueM MuHTpanca PO ot
09.10.2001 Ne OC-859-p, kn€H mpejyraraeTcs HCIOJIB30BaTh MPHU IMOCAIKE JIECOIMOJIOC BIOJb
aBTOMAarucTpayIei.

HeoOxonuMmel Ge3oTiiaratensHble MEpbl IPOTUB IKCHAHCHH KiieHa. B mepByto ouepens
neaecooopasHo oTMeHuTh yrnomsiHyThie [loctanoBnenusi IlpaBurensctBa P® B yacry,
Kacarolleics KJ€Ha ICEHETUCTHOTO, a TaK K€ IPyrie HOPMAaTUBHBIE IOKYMEHTHI 10 KIIEHY.
TpebGyercss akTHUBHAs MaccOBO-pa3bsCHUTENbHAs paboTa, HampaBieHHass Ha NPO(UIAKTUKY
pacnpoCTpaHEHUsT BCEX MHBAa3UBHBIX BHJIOB, BBEJIEHHE OTBETCTBEHHOCTH 3eMjie- U
JIeCoTob30BaTenel 3a 0e3/1eMCTBUE TIPOTHUB HUX.

ABOUT DAMAGE FROM ASH-LEAVED MAPLE (ACER NEGUNDO) AND
MEASURES AGAINST ITS DISTRIBUTION
Bondarev A.Ya.
Russian Center for Forest Protection — Forest protection center of the Altai Territory, Barnaul,
Russia; altcanis@mail.ru

According to the Convention on Biological Diversity [Convention ..., 1995] and the
Strategy on Invasive Species in Europe the destruction of such species related to priority course
in ensure environmental safety in the framework of the Environmental Doctrine of the Russian
Federation (approved by the decree Ne 1225-r of the Government of the Russian Federation of
31.08.2002). Of the 50 species of exotic species, which create negative ecological and
economical problems the american or ash-leaved maple (Acer negundo)) is among the most
aggressive because of its high ecological plasticity. The presence of this maple leads to
significant change in ecosystems. It’s including displacement and extinction of native species,
deterioration of animal fodder (large ungulates).

The international and Russian scientists and our observations showed that the maple is
ineradicable (with the exception of repeated stubbing).

In the farmland the most of uncultivated fields and former gardens are overgrown by
maples. In the forestation for field save the role of maples shelter belt is negative.
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The extents of damage by maples are increasing and can be estimated against the cost of
lost agricultural and forestry products in the areas of hayfields and pastures suitable for the forest
but occupied by maple, and in connection with reduction of biodiversity. In the forest fund the
estimation of the damage should be carried out according to the Government Decree of 08. 05.
2007 Ne 273 from 26.05. 2007 Ne 806 from 08.05. 2007 Ne 273 from 22.05. 2007 Ne 310 and
from 17.09. 2014 number 947, taking into account the coefficient of 1.37; 1.43 and 1.49
respectively for 2015, 2016 and 2017.

In the Altai region in the 13 forest management forestries the predominance of maple (5
or more units in the composition of plantations) was revealed in 138 portion on the area of 258
ha. A maple is photophilous thus its more active colonizes the forest areas. But this species
single or clumps spread almost everywhere in closed forest. In conditions of Kemerovo-Altai
forest taxation region about 100 cubic meters of Scots pine wood wouldn’t receive from 1
hectare populated by maple. Expected damage for young growth of pine plantations substituted
by ash-leaved maple can be 225,900 rubles per 1 ha.

However contrary to the Environmental Doctrine of the Russian Federation the
unauthorized cutting or destruction of ash-leaved maple contradict to the decision of the
Government of the Russian Federation of 08.05.2007 Ne 273 from 22.05.2007, N 310 and 17.09.
2014 number 947. Therefore, those guilty are brought to liability.

Also the "rules of creation, preservation and maintenance of green areas in the cities of
the Russian Federation™ approved by Order of the State Construction Committee of the Russian
Federation from 15.12.1999 Nel153 are outdated. In according to this the ash-leaved maple is
recommended to apply for landscaping settlements. In addition, the "Guidelines on the drafting
of road maintenance, the Ministry of Transport of the Russian Federation approved by the order
0f 09.10.2001 Ne OS-859-P, the maple invited to use when planting forest belts along highways.

Urgent action is needed against the expansion of maple. In the first place it is advisable to
cancel the referred Decision of the Government of the Russian Federation which relates to ash-
leaved maple and other regulatory documents about maple. An active mass-explanatory work is
required which aimed at preventing the spread of invasive species, also the liability for failure to
act of land and forest users should be assigned.

MOJIEKYJIAPHO-TEHETUUYECKHUN AHAJIN3 U UJIEHTU®UKAILIASA
HNONYJSIUAN JPEBECHBIX BUJIOB PACTEHUI YPAJIA
boponnukoBa C.B.l’z, HpumnuBckas H.B.l’z, HelqaeBa IO.C.l’Z, Yymak E.I/I.l, AHpuaHOBa
M.IO.

'®I'BOY BIIO «IlepMcKuii rOCy1apCTBEHHBIM HAIMOHAJIBHBIN UCCIIEI0OBATEIbCKAN
yHuBepcuter», Poccus; SVBoronnikova@yandex.ru
2EcTeCTBeHHOHaquLH‘/'I uHcTUTYT @I'BOY BIIO «llepMmckuii rocynapcTBEHHbIH HAlMOHAIbHBIN
HCCIIEA0BATEIIbCKUN YHUBEPCUTET

JIns m3ydeHus CTPYKTYpbl M JWHAMUKU TOMYJSIHOHHBIX T€HO(OHIOB HEO0OXOIUMO
OIPEJICTIUTh TeHETHYECKOE Pa3HO00pa3re M TeHETHUECKYIO CTPYKTYPY MOMYJNSIUN JIPEBECHBIX
BUJIOB PaCTE€HHI U MIPOBECTU OTOOP OOBEKTOB ISl COXPAHEHHUS JIECHBIX TEHETUYECKUX PECYPCOB.
MojenbHONH CUCTEMON H3Y4E€HHsS TE€HETHUECKOIo pPa3HOOOpa3usi MOTYT CIY)XHUThb TONYJISIUU
IICHHOTO JIpeBecHOro Buaa pacteHus Larix sibirica L. B yclnoBusix pa3HOW MOSCHOCTH TOp
Vpana.

OObekramu uccnenoBanuid sBsmch 4 momynsinum L. Sibirica, pacnonoskeHHble Ha
pasHoOi IUPOTE W BBICOTE HaJ ypoBHeM Mops: Bil — 56.9 c.mi., 290-350 m B 1,5 kM BocTOUHEE
noc. bunmnmbait CepmnoBckoit obmacti; Kch — 58.8 c.m., 480-700 M Ha BOCTOYHOM CKIIOHE
ropel Kaukanap; Tul — 61.1 cam., 680-920 M B ®I'BY «l'ocyaapcTBEHHBIH MPUPOIHBINA
3anoBeHUK «Bumepckuii»» Ha 3amagHoM ckioHe xpeora TynbiMckuii kamens; Ish — 61.1 c.or.,
730-810 M Ha 10TO-BOCTOYHOM CKJIOHE TOpHI Mmepum.
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JIns MonekynspHo-reHeTHdeckoro aHanmsza L. sibirica 6bu1 u36pan ISSR-meron (Inter
Simple Sequence Repeats) wim MeXMUKpOCaTeIUIMTHBIM aHanmu3 mnommuMmopdusma JIHK.
Ammmndukanuio npoBoawiu B Tepmouukiepe Gene Amp PCR System 9700 (Applied
Biosystems, USA) mo tunuunoii mis ISSR-meroma mporpamme. DddexkruBrocts ISSR-
npaiiMepoB ompenessin o mkaie or 1 (Hu3koi) mo S (Beicokoil). Temmeparypa oTxkura B
3aucuMocTd oT G/C-cocraBa mpaiiMepoB BapbupoBaia oT 54° mgo 64°C. IlpomykTtsl
amMmuUKauy  pa3feisuii  nyteMm ajiekTpodope3a B 1,7% araposHBIBIX TelsiX, KOTOpBIE
OKpaluBail OpOMUCTBIM 3TUIMEM U (GoTorpadupoBagud B MPOXOISIIEM YIbTPa(HOIETOBOM
cBeTe B cucteme renb-gokymentaiuu Gel Doc XR (Bio-Rad, USA). U3 20 npotecTrpoBaHHBIX
ISSR-mpaiimepoB BeIsBIICHBI ITh 3(()EKTUBHBIX s aHanu3a monumopdusma JTHK L. sibirica.
Ananmu3 ISSR-cniektpoB u3ydeHHbix momyisiimidi L. sibirica BeisiBun 115 ISSR-mapkepos, u3
kotopeix 109 O6bumn momumophHbl ( Py =0.9). Umucno ISSR-mapkepoB BapbupoBaio B

3aBUCHUMOCTH OT mpaiimepa ot 11 mo 27, a ux pasmepsl — ot 170 no 1200 nu. Ilokazarenu
TeHETHYECKOro pazHooOpasus Beiie B nepBoi (Bil) momymsiumu (He = 0.2, na = 1.7, ne=1.4), a
Hiwke — B 4yerBeptoii (Ish) momymsumu (He = 0.1; n; = 1.5; ne = 1.3). AHaiu3 reHeTHYECKON
CTPYKTYPBI U3Y4EHHBIX MOIMYJSINI MOKa3all, YTO OXHIAeMas J0JIS TeTePO3UTOTHBIX T€HOTHUIIOB
obmeil nomymsauuu (H;) paBHa 0.3, a oxupaemas [10Js TE€TEPO3UIOTHBIX TI'CHOTUIIOB B

ormensHOM  momymsiumu (Hg) cocraBmunma 0.2. M3ydennele momymsiumu L. sibirica

Qg epeHIMpPoBaHbl €1ad0, TaKk KaK Ha MEXIOMYJSIUOHHYI0O KOMIIOHEHTY OHOJIOTHYECKOTO
pasHooOpa3ust npuxonutcs 27,8% TIeHeTHYecKoro paszHooOpasus. B deTeipex mnomymnsiusx
BbIsIBJICHO 10 pekuX MOJICKYJISIPHBIX MapKepoB: B niepBoi nonyisiiuu (Bil) — 6, a B apyrux — mo
1. OTu Mapkepbl MOTYT OBITb MCIIOJB30BaHbl JJIS OLIGHKHU CHELU(PUUYHOCTH TeHO(DOHIOB U
MOJIEKYJISIPHO-TeHETHIECKON MACHTU(DHUKAIMHA U3YYCHHBIX MOMyisaunii. CpaBHUTEIBHBIA aHATIN3
nonymsinuii L. sibirica, pacnonoskeHHbIX Ha pa3HOM BBICOTE B FOPHO-JIECHOM Iosice Ypaia, o
MOJIMJIOKYCHBIM  CIIEKTpaM TPOAYKTOB amiumpukanuu ISSR-mapkepoB MO3BONMI BBISIBUTH
UCHTU(PUKAIIMOHHbIE (PpArMEHThI U UX COUETAHUS JJIS KAKJOU MOMYJISALHH.

Takum 00pa3oM, 151 COXpaHEHUSI TEHETHYECKUX PECYPCOB IPEBECHBIX BHUJIOB PAaCTCHUI
HE00X0/IMMO BBIOMpATh MOMYJISLUN KaK C TUIIMYHBIMH, TaK CO CelU(UIECKUMU TeHO(POHJaMH,
00TaaroIuX PeIKUMHU MOJIEKYIIIPHBIMU MapKepaMHu.

Paboma evinonnena npu gunancosoii noooepoicke 3adanusa 2014/153 cocyoapcmeennuvix
pabom 6 cghepe HayuHOU OesamenbHOCMU 8 PAMKAX OA3080U 4ACMU 20CYOAPCMBEHHO20 3A0AHUS.
Munobpuayku Poccuu (npoexm 144, Ne zoc. pe2.01201461915).

MOLECULAR GENETIC ANALYSIS AND IDENTIFICATION OF POPULATIONS OF
THE URALS WOODY PLANT SPECIES
Boronnikova S.V.*., Prishnivskaya Ya.V.'?, Nechaeva Yu.S.*?, Chumak E.I.}, Andrianova
M.Yu.
'Perm State University; Russia SVBoronnikova@yandex.ru
Natural Science Institute of PSU

The study of the structure and dynamics of population gene pools needs to determine the
genetic diversity and genetic structure of populations of woody plants and to select the objects
for conservation of forest genetic resources. The populations of the valuable wood species Larix
sibirica L. under different zoning of the Urals Mountains can be a model system for the study of
the genetic diversity.

The objects of study are 4 populations of L. sibirica, located at different latitudes and
altitudes: Bil-56.9 N, 290-350 m 1.5 km east of the village Bilimbai Sverdlovsk region; Kch-
58.8 N ,480-700 m on the eastern slope of Mount Kachkanar; Tul- 61.1 N, 680-920 m FGBI
"State Nature Reserve "Vishera™ on the western slope of the ridge Tulymsky stone; Ish— 61.1 N,
730-810 m the south-eastern slope of Mount Isherim.

24


mailto:SVBoronnikova@yandex.ru

Molecular genetic analysis of L. sibirica was done with ISSR-method (Inter Simple
Sequence Repeats) or inter microsatellite analysis of DNA polymorphism. Amplification was
performed in a thermal cycler Gene Amp PCR System 9700 (Applied Biosystems, USA) under
typical ISSR-method program. The effectiveness of ISSR-primers was determined on a scale
from 1 (low) to 5 (high). The annealing temperature varied from 54° to 64° C depending on the
G / C composition of the primers. The amplification products were separated by electrophoresis
in 1.7% agarose gels that were stained with ethidium bromide and photographed in UV light
transmitted in the gel documentation Gel Doc XR (Bio-Rad, USA). 20 ISSR-primers were tested
and then five effective for the analysis of DNA polymorphism L. sibirica were identified.
Analysis of ISSR-spectra of the studied populations of L. sibirica showed 115 ISSR-markers, of
which 109 were polymorphic ( P,;=0.9). Number of ISSR-markers varied depending on the

primer from 11 to 27, and their dimensions varied from 170 to 1200 bp. Indicators of genetic
diversity are higher in the first (Bil) population (Hg = 0.2; n, = 1.7; n. = 1.4), and lower in the
fourth (Ish) population (Hg = 0.1; n, = 1.5; n. = 1.3). Analysis of the genetic structure of the
studied populations showed that the expected proportion of heterozygous genotypes of the
general population (H,) was equal to 0.3, and the expected proportion of heterozygous

genotypes in a single population (H) was 0.2. The studied populations of L. sibirica poorly

differentiated, as the interpopulation component of biological diversity is 27.8% of the genetic
diversity. 10 rare molecular markers were revealed in four populations: in the first population
(Bil) — 6, and in others — 1. These markers can be used for estimation of the specificity of gene
pools and molecular genetic identification of the studied populations. Comparative analysis of
populations of L. sibirica, situated at different heights in the mountain-forest belt of the Urals, in
the multi-locus spectra of amplification products of ISSR-markers revealed the identification
fragments and their combinations for each population.

Therefore, for the conservation of genetic resources of woody species it is necessary to
select the population as with typical, so with the specific gene pools with rare molecular markers.

The work was set with financial support of 2014/153 public works in the sphere of
scientific activity in the framework of the basic part of the state tasks of the Ministry of
Education and Science of Russia (project 144, Ne state. Reg. 01201461915).

HEKOTOPBIE BUOXUMHWYECKUE OCOBEHHOCTHU JIUCTBEHHUIIbI B
IKCTPEMAJIBHOM K/IIMMATE AKYTUU (HA IPUMEPE BEJIKOB-
JNETUIPUHOB)

BbyOsikuna B.B., Tarapunosa T./l., Bacniasesa U.B., Ilepk A.A., Ilonomapes A.T'.
®I'BYH UncTuTyT OHonorndeckux npoodiiem kpuonntozonbl CO PAH, Poccus; aaperk@mail.ru

JIucTBeHHMIIA SBIIAETCS JOMMHHUPYIOLIEH JPEBECHOW NOPOAOW Ha TEPpUTOpUM SIKyTuu.
Ona mpe/acraBieHa 3 BUIaMu, HanOoJbIIIee 3HaYCHHE W3 KOTOpBIX uMeroT Larix dahurica Turcz.
ex Trautv. u Larix cajanderi Mayr. IlepBblii Bux npeoOiagaer Ha 3anane SIKyTuu, BTOpoil — Ha
BocToke. CyMMapHO JMCTBEHHHYHUKHM 3aHUMAlOT Oonee 79% NECOMOKpBHITON mIomanm
pecryONIMKY, Ha HUX Npuxoautcs Oonee 84% 3amacoB npesecunsl (Tumodees, 2003). B cuy
ATOT0 JIMCTBEHHHYHBIE JIeCa MIPAIOT BBLIAIOLIYIOCS POJIb B MOJIEP)KAHUH HKOJOTHYECKOTO
OanaHca KpUOJUTO30HBL. CUHMTAeTCs, YTO SKYTCKUE JIMCTBEHHHMIIBI, B YacTHOCTH, L. cajanderi,
SBIISTIOTCSI CAMBIMH MOPO30YCTOWYHMBBIMU JiepeBbiMU B Mupe (YTkuH, 2006). [ToaTromy usydenue
MEXaHU3MOB, OTBETCTBEHHBIX 3a ()OPMHUPOBAHME YHUKAJIbHOW CHOCOOHOCTH JAHHOTO BHUA
MEPEHOCUTh JKCTPEMaJbHO HM3KHME 3MMHHUE TEMIIEpaTypbl, SBISETCS BechbMa aKTyallbHOMN
3aJa4eil.

[Ipenmnonaraercs, 4yTo KOpOTKUIl (OoTONEpUOA M HHU3KHE 3aKaIMBAIOIINE TEeMIIepaTypbl
3aIyCKal0T JKCIPECCHI0 CIEeNU(PUUIECKUX T'e€HOB XOJIOJOBOW aKKIMMAalUU pacTeHuid. B 3roii
CBSA3M, MHTEpPEC  BBI3BIBAET  H3Y4YEHHME  CHHTE3a  3AIIUTHBIX  OEJIKOB-JIErHIPUHOB,
HAKaIUIMBAIOIIMXCSl B KJIETKaX B OTBET HAa OCMOTHMYECKUH CTPECC, BbI3BAaHHBIH pa3HBIMU
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dakTopamMu, B TOM 4YHCIe HH3KOM TemmnepaTypoi. lLlembio Hacrosimedl paboOThl SBHIIOCH
BBISIBJICHHE OCOOCHHOCTEH BHYTPUBUIOBOIO MoJMMOp(dU3Ma IErHIPHHOB OJHOJIETHUX MOOETOB
L. cajanderi B yHUKaJIbHBIX KIMMaTHYECKUX yCIoBUsX LleHTpansHOl SAKyTHH.

Co6op obpasnoB (oxHoneTHUE MOOerH JcTBeHHUIBI Kasaaepa) nposoauau B 2011-2014
IT. Ha TMOCTOSHHBIX IUIOIIA/IAX B JIECOMAPKOBOM 30He Ha TeppuTopuu boranuueckoro cama
UBIIK CO PAH, pacrnoioXeHHOTro Ha BTOpOW HaAIONMEHHOM Teppace 0JIuHbI p. JIeHbl B 7 KM
K 3amagy ot r. Skyrcka (62°15' c.ur., 129°37' B.1.). [lonmumopdusm pacteHuit ObuUT MOAPOOHO
M3y4deH y 14 uHAMBHUIYaJbHBIX JE€PEBHEB.

Jlyis BBIZICTIEHUSI CyMMAapHBIX OCIIKOB U3 OJHOJETHHX MoOeroB muctBeHHUIBI (1.5-1.7 1)
npuMmensin anekTpodopes B 12.5% SDS-PAGE. [nsa ummyHoOnortunra Oenku u3 ITAAT
nepenocun Ha [I1BJI® (momusunmmuaeHpropun) memopany (Bio-Rad, USA). Unentudukanuto
JETUIPUHOB BBIMOJHSIN C TTOMOIIBIO MOJUKIOHATIBHBIX aHTUTEN MPOTUB UX KOHCEPBATUBHOTO
K-cermenra (Agrisera, Sweden). [leruapuHbl BH3YaJU3UPOBATIH IPH TOMOIIN KPOJIHYBUX
AHTHTEJI, KOHBIOTHPOBAHHBIX C IIeI049HOM (ocdarasoi (Sigma, USA).

Cy1iecTBeHHON OCOOEHHOCTBIO CHEKTpa JETUAPUHOB JIMCTBEHHUI], B OTJIMYHUE OT
M3YYCHHBIX HaMH paHee CIEKTPOB JACTUAPUHOB psga BHIOB Oepe3, a TakkKe COCHBI
OOBIKHOBEHHOM, OJIbXOBHHKA KYCTapPHUKOBOTO, sI0JIOHU siroiHOM U 1p. (TatapuHoBa u ap., 2010;
bybsikuna u np., 2011; Ilepk u ngp., 2011; [TonomapeB u ap., 2014;), sBnsercs HeoObIYaITHO
BBICOKOE Pa3HOOOpa3ue MaKOPHBIX ACTUIPUHOB. Eciau y BbIICNIEPEYUCICHHBIX PAaCTEHUN
TAKOBbIC MpPEJCTABJICHBl B OCHOBHOM 2 rpymmamu: cpeaHe- (mon. Mmacca 50-75 kDa) u
HU3KOMOJICKYJISIpHBIMU (MoJl. Macca 15-25 kDa) Oenmkamu, TO y snucTBeHHHUIBI KasiHaepa
HAOJIF0aeTCs TMOYTH HENPEPHIBHBINA CIEKTp AeruaAprHOB B obiactu 14-45 kDa. TunudyHbIMH
MIPEACTABUTEISIMU TaKUX TOJHUIICTITUIOB SBIISIOTCS NETUAPHUHBI ¢ MOJI. Maccamu 14, 15, 16, 17,
19, 23, 25, 27, 28, 30, 31, 33, 36, 37, 38, 43 u 45 kDa. IIpu sTrom Hanbos€e CUIBHO OT/AECIbHBIE
pacTeHHsI pa3INIAIMCh TI0 HATUYHIO WIIM OTCYTCTBHUIO TE€X MJIU MHBIX JICTUAPUHOB B oOactu 19-
37 kDa, a takke MO MX KOJHYSCTBEHHOMY COJCPXKAHUIO B 3UMHHUE mepuoj. JlajbpHeiinne
WCCJICIOBAHMSI TIO3BOJISIT OMPEICINTh, HACKOJIBKO BBISBICHHBIC y JTUCTBCHHHUI] MHOKCCTBCHHBIC
dbopMBbI  IETHJIPUHOB  3aJ€HCTBOBaHBI B  MeXaHW3Max  (OPMHUPOBAHUS  YHUKAIBHOM
KPHUOPE3UCTEHTHOCTH ITHX JIPEBECHBIX PACTECHUH.

THE IMPACT OF EXTREME CLIMATE OF YAKUTIA ON SOME BIOLOGICAL
CHARACTERISTICS OF LARCH (CASE OF DEHYDRIN PROTEINS)
Bubyakina V.V., Tatarinova T.D., Vasilyeva I.V., Perk A.A., Ponomarev A.G.
FSBIS Institute for Biological Problems of Cryolithozone, Russia; aaperk@mail.ru

In Yakutia larch is a dominant tree species. Larch is represented by 3 species, among
them the most significant are Larix dahurica Turcz. ex Trautv. and Larix cajanderi Mayr. The
first species dominated in the west of Yakutia, the second in the east. Larch forests occupy 79%
of the forest area with more than 84% of timber reserves of the country (Timofeev, 2003).
Therefore, larch forests play a prominent role in maintaining of the cryolithozone ecological
balance. The Yakutian larch, in particular, L. cajanderi, is the most frost-resistant trees in the
world (Utkin, 2006). Study of mechanisms of confrontation to extremely low winter
temperatures L. cajanderi, is a very urgent task. Expression of specific genes of plants cold-
acclimation of may appeared because of short photoperiod and low tempering temperature.

Therefore, the study of the synthesis of protective dehydrin proteins emerging in response
to osmotic stress caused by a variety of factors, including low temperature is interesting. The aim
of this study is to identify features of intraspecific polymorphism of dehydrins of annual shoots
L. cajanderi in the unique climatic conditions of Central Yakutia.

The field material (annual shoots of L. cajanderi) was sampled in 2011-2014 from the
plots of the forest park at the Botanical Garden of the Institute for Biological Problems of
Cryolithozone (Siberian branch, Russian Academy of Sciences) located on the second Lena river
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terrace in 7 km west from Yakutsk (62°15’ N, 129°37' E). Polymorphism of 14 individual trees
was studied in detail.

For isolation of total proteins from annual shoots of larch (1.5-1.7 g) electrophoresis was
used in 12.5% SDS-PAAG. For immunoblotting, the proteins from the PAGE were transferred
into PVDF (polyvinylidene fluoride) membrane (Bio-Rad, USA). Dehydrins were identified
using the polyclonal antibody against dehydrin conserved K-segments (Agrisera, Sweden).
Dehydrins were visualized by antirabbit antibody conjugated with alkaline phosphatase (Sigma,
United States).

Spectrum dehydrins larch has an unusually high diversity of major dehydrins unlike
previously studied spectra dehydrins several species of birch and Scots pine, alderbush, apple
berryet al. (Tatarinov et al., 2010; Bubyakina et al., 2011; Perk et al., 2011; Ponomarev et al.,
2014). Larch L. cajanderi has almost continuous spectrum dehydrins in 14-45 kD in contrast to
the above plants with two 2 dehydrins groups middle molecular weight dehydrins (50-75 kDa)
and low molecular weight dehydrins (15-25 kD). Dehydrins with molecular weights of 14, 15,
16, 17, 19, 23, 25, 27, 28, 30, 31, 33, 36, 37, 38, 43 and 45 kD are presented in Larch L.
cajanderi. In winter the range 19-37 kD is quantitatively differ in content of individual plants
and there are differences in the presence or absence of certain dehydrins. Further studies will
determine the participation of multiple forms of larch dehydrins in the mechanisms of the unique
cryoresistance formation of these woody plants.

KAYECTBO APEBECHUHBI TOITIOJISI U OCHUHBI YJIYUYIHEHHBIX
CEJEKIHIMOHHbIX ®OPM
BapuBoauna U.H., Mamkuna O.C., BapuBoaun B.A.
OI'BY Bceepoccuiickuii HAy4HO-UCCAEA0BATEIbCKUN HHCTUTYT JIECHON T'€HETUKH, CEJIEKIUU U
ouotexHosoruu, Boponex, Poccus; varivodinna@rambler.ru

KayecTtBO J1peBecuHBI SBISIETCA OJHUM U3 TJIABHBIX TIOKa3aTeleld CEJIEKUMOHHOU
[IEHHOCTH HOBBIX (popm, copToB u rudpuaoB. OHO SBISETCS TEM U3 OCHOBHBIX MPHU3HAKOB, HA
KOTOPBIM HAMpaBIIEH BECh CIOXKHBIA CEJIEKITMOHHBINA mporecc. CeleKImoHepa, padoTaromiero ¢
JIECHBIMHU PACTEHMSIMU, UHTEPECYET, NMPEXKJIE BCEro, MPOJYKTUBHOCTh U KAauE€CTBO JIPEBECHOIO
CBIpbs. JIpyrue BakHbIE JIECOXO3SIICTBEHHBIE TPU3HAKH TaK)Ke MPEACTABIISIIOT UHTEPEC, HO Yalle
BCETO OHM HU3YYarOTCS COBOKYIIHO C OXHUIAAEMOUM KOppEeNAlHueill TPOJYKTUBHOCTH M KayecTBa.
Tak, moka3zaTelb TIJIOTHOCTH JPEBECHHBI IIO3BOJIAET CYAUTh O TPOYHOCTH, YCYIIKE, €€
MEXaHMYECKUX CBOMCTBAX, UCTOIB3YeTCs JJIsl MPOTHO3UPOBAHUS CBOMCTB OymMaru v JpeBECHO-
CTPYXEUHBIX TUIUT. Ha posib yHHMBEpCAJbHBIX I[IOKa3aTelel KauecTBa JIPEBECHHBI MOTYT
NPETEeHAOBaTh M CTPYKTYPHBIE XapaKTepUCTUKHU. J[JIMHA BOJOKHA, TOJIMHA KJIETOYHBIX
000J10Y€K — AT MOKa3aTeIN UMEIOT OOJIBIIIOE 3HAUEHHUE B MPOU3BOJICTBE IEJUIIOJIO3bI, OyMaru u
JIPYTUX IPOAYKTOB MepepaboTKU APEBECHUHBI.

OObeKkTaMHu HCCIEIOBAHUS SIBWIKCH: 1) MIeCTh OBICTPOPACTYIIMX M TPOTYKTUBHBIX
Pa3HOMIONIHBIX THOPUAOB TOMOJNS OENOro: MUIUIOMAHBIE, 2n=2X=38 ¥ TPUIJIOUTHBIC
(2n=3x=57) B BO3pacte 28 umer, co3manabpie O.C. MamKuHOW ¢ HCIOJb30BAaHHEM B
THOpUAM3AIMN HCKYCCTBEHHO CHHTE3MPOBAaHHOW C TIOMOIIBIO TIOBBIIICHHON TeMIepaTyphl
HepeIylUPOBAHHON JTUTUIONIHON MBUTBIIBL; 2) TPH Pa3MHOXKEHHBIX N VItro kiona (B Bo3pacte 13
JIeT) MPOAYKTUBHBIX U THHJICYCTOMYMBBIX OMOTUIIOB OCHHBI, 0ToOpaHHbIX FO.H. McakoBbiM B
Tpemyneryme, cozganioM B.II. ITerpyxHoBeim B 1973-1975 romax. beumn uccienoBanbl Takue
MOKAa3aTeIN KaueCTBa JPEBECHUHBI, KaK MIOTHOCTH (0a3ucHasi, B aDCONIOTHO-CYXOM COCTOSIHUH) U
MOKAa3aTeIM MUKPOCTPYKTYPHI IPEBECHHBI (JTMHA JPEBECHHHOTO BOJIOKHA, TUAMETP BOJIOKHA).
Oxkazanoch, 4To 0a3uCHasl MIOTHOCTh IPEBECUHBI HM3YYCHHBIX THOPUIOB TOMONS OENoro B
BO3pacTe 28 JeT MMeeT IMOKa3aTeldd HECKOJbKO BBIINIE CIPABOYHBIX 3HAYCHHWM IS JTaHHOU
nopoabl Tonons. [IpudeM, HAMTYUYIIMMH TTOKa3aTeIsIMU 0a3UCHOM MIOTHOCTH 00J1a/1al0T KIIOHBI
65/81, 143/82 (tpurnmonnbl) u 184/82, 136/82 (mumtoumasr): 355 Kr/M>-363 kr/m°. X 3HaueHus
MPEBBIIIAIOT CIPABOYHBIE B cpeHEeM Ha 8-14 %. DTO CBUIETENBCTBYIOT O TOM, YTO JpPEBECHHA
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O0TOOpaHHBIX THOPHIOB TOMOJNS OENIOr0 HWMeEeT YIyYllIeHHOe KadecTBO. Jlisi JpeBecHHbI
pPa3MHOXEHHBIX N Vitro 13-TH JeTHMX KJIOHOB OCHHBI MOJYYCHHBIC MOKA3aTeNIM IMJIOTHOCTH
OKa3aJIMCh HECKOJBKO HUXKE CIpaBOYHBIX (B cpeaHeM Ha 12 %). OObscHeHHE NPUYMUHBI
MOHMKEHHOM MIIOTHOCTH Yy 13-1eTHel IpeBecHHbl OCUHBI MOKHO /1aTh Ha OCHOBE (DU3UOJIOTUU U
TeHETUKHU APEBECHBIX PacTEeHH 3ToM rpymibl. I3BecTHO, YTO y OCHHBI TOJIBKO B Bo3pacte 20-25
et GopMmupyeTcs OTHOCUTENIBHO IUIOTHAsl JPEBECHHA, 3aTeM OTH IOKa3aTeld HauuHAIoT
CHU)KATbCA, M TOJIBKO B Bo3pacTe 60-70 J1eT IUIOTHOCTh APEBECUHBI OCHHBI JOCTUTAET CBOETO
MaKCHMaJIbHOTO 3HAYCHUSI.

Hamu uccrnenoBanusi CTpyKTYpHBIX XapaKTEPUCTUK APEBECHMHBI NOKa3alM, 4TO JUIMHA
JIPEBECUHHBIX BOJIOKOH y TOMOJIA OEJIOro MPEeBOCXOMUT auaMmeTp B 42 — 63 paza. Jlydmen 1o
THM T[IOKa3aTelsiM oOKa3ajach JApeBecHMHa KIOHOB 65/81 (tpuruomnnenii) u  184/82
(TUTUTOMIHBIN): TPEBECUHHBIE BOJIOKHA y HUX Oosiee mmuHHBIE (1.35+ 0.19 MM 1 1.33 £ 0.21 Mmm
COOTBETCTBEHHO; MakcuMyM 1.85 MM y kiona 65/81) u Toukue (29.5 + 0.12 mxm u 27.6 + 0.17
MKM COOTBETCTBEHHO), 4YTO CBHJETEIbCTBYET OO0 UX MPUTOJHOCTH M OyMa)KHOTO
pou3BoJcTBa. M3 Hccaen0BaHHbIX KIOHOB MHUJIEYCTOMUMBBIX OMOTHIIOB OCHHBI JIYYILIUMU I10
CTPYKTYpPHBIM XapaKTepUCTUKaM OKasajach rpymmna kioHoB 15/01: nnuna BojokHa 1.32 + 0.18
MM (MakcumyM 1.78 MM y kiona 15/01) npu cpennem nuamerpe BojokHa 31.2 + 0.11 mxwm (1o
nanHeiM b.H. Yronesa: y apeBecuHbI TOMOJS AWANa3oH ATUHBI BoJokHa 0.7-1.6 MM; y OCHHBI —
0.55-1.6 mm).

Takum oOpa3oM, wu3ydYeHHE TOKa3aTeleil KauecTBa JAPEBECHMHBI IOKa3allo, 4YTO
HanOONBIINK HMHTEPEC ISl MPAKTHYECKOTO HCIIOJIIB30BAaHMs IPEICTABISIOT KIOHBI 65/81 u
184/82 tonomns 6enoro u kioH 15/01 ocuHsL.

WOOD QUALITY OF SELECTIONALLY IMPROVED VARIETIES OF POPLAR AND
ASPEN
Varivodina I.N., Mashkina O.S., Varivodin V.A.
Research Institute of Forest Genetics, Breeding and Biotechnology, Voronezh, Russia;
varivodinna@rambler.ru

The quality of the wood is one of the main indicators of breeding value of new forms,
varieties and hybrids. It is the essential feature, which is aimed at the entire complex selection
process. Breeder working with forest plants interested primarily productivity and quality of the
wood raw material. Other important features of forestry are also of interest, but more often they
are studied together with the expected correlation of productivity and quality. Thus, the rate of
wood density gives an indication of the strength, shrinkage, its mechanical properties, is used to
predict the properties of paper and wood chipboard. On the role of universal indicators of quality
wood can claim and structural characteristics. Fiber length, the thickness of the cell walls — these
figures are of great importance in the manufacture of pulp, paper and other wood products.

The objects of the study were: 1) six-growing and productive heteroploid hybrid poplar
white: diploid, 2n = 2x = 38 and triploid (2n = 3x = 57) at the age of 28 years by Mashkina
hybridization using artificially synthesized via high temperature nonreduced diploid pollen; 2)
three in vitro propagation of clone (at age 13) and productive rot resistance biotypes aspen
selected by Yu.N. Isakov in tremuletum created by V.P. Petruhnov in 1973-1975 years. Such
indicators of quality wood density (basic, in absolutely dry) and indicators of the microstructure
of wood (length of wood fiber, fiber diameter) were investigated. It turned out that the basic
wood density of the studied hybrids of white poplar at the age of 28 has a slightly higher
reference values for this species of poplar. And, the best indicators of basic density have clones
65/81, 143/82 (triploids) and 184/82, 136/82 (diploids): 355 kg / m3 - 363 kg / m3. Their values
exceed the reference average of 8-14%. This suggests that the timber selected hybrids white
poplar has improved quality. Wood propagated in vitro 13-year-old aspen clones obtained
densities were slightly below the reference (average 12%). Explanation of the reasons for low
density in 13-year-old aspen wood can be given based on the physiology and genetics of woody
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plants of this group. It is known that aspen only aged 20-25 years, formed a relatively dense
wood, then these rates begin to decline, and only at the age of 60-70 years old aspen wood
density reaches its maximum value.

Our study of the structural characteristics of the wood showed that the length of the wood
fibers in white poplar exceed a diameter of 42 - 63 times. The best of these indicators was wood
clones 65/81 (triploid) and 184/82 (diploid): wood fibers have longer (1.35 £ 0.19 mm and 1.33
+ 0.21 mm, respectively, to a maximum of 1.85 mm at the clone 65/81) and thin (29.5 £ 0.12
mm and 27.6 = 0.17 mm, respectively), indicating their suitability for paper production. Of the
clones examined rot resistance biotypes aspen best on structural characteristics was a group of
clones 15/01: fiber length 1.32 = 0.18 mm (1.78 mm for maximum clone 15/01) with an average
fiber diameter 31.2 £ 0.11 mm (according to Ugolev: from poplar wood fiber length range of
0.7-1.6 mm in aspen — 0.55-1.6 mm).

Thus, the study of wood quality indicators showed that the greatest interest for practical
use are clones of 65/81 and 184/82 white poplar and aspen clone 15/01.

CTPYKTYPA PABHOOBPA3US 5-XBOHHBIX COCEH EBPA3UU KAK ITPOJIYKT
UX CETYATOM IBOJTIOLIUUA
Bacuasena I'.B., I'opomkesuu C.H., Ilerposa E.A.
NHcTUTYT MOHUTOpUHTA KIIMMaTHYeCKUX U 3kosornueckux cucrem CO PAH, Poccus;
e-mail: galina_biology@mail.ru

B Hacrosiee BpeMsi HacuuThIBaeTcs 22 BHJA ISATHUXBOWHBIX COCEH, OTHOCALIMXCS K
cekumu Quinquefoliae moxceximu Strobus (Gernandt et al., 2005): 14 eBpoasuarckux u 8
ceBepo-amepukanckux. Ha Bcem nmporspkennu 20-ro Beka UX JEIHIN Ha JBa MOACeKInu — Strobi
u Cembrae, riaBHbIM 00pa3oM, MO CTPYKType LIMIIKH, pa3Mmepy u ¢opme cemsH (Little and
Critchfield, 1969). Illumku Cembrae npu co3peBaHHH HE PACKPBIBAIOTCS M COAEPIKAT KPYITHbIC
ceMeHa 0e3 KpbuIa, KOTOPBIE PAacIpOCTPAHSIOTCS, B OCHOBHOM, KelpoBKOW. CeMeHa BUIOB W3
nozcekuuu Strobi, kak mpaBHIIO, MENKHE, HMEIOT KPBUIO M PACIPOCTPAHSIOTCS BETPOM, YEMY
CIOCOOCTBYET PACKPBITUE IIHUIIEK MPU CO3PEBAaHUU. Y OOJBIIMHCTBA BUIOB Strobi ux mpu3HaKku
COOTBETCTBYIOT CUCTEMAaTHUYECKOMY MOJ0XKEHHUIO, HO €CTh U UCKItoueHus. Hampumep, cemena P.
flexilis, P. armandii u P. parviflora Tspkenee, 4em y nqpyrux BEHMYyTOBBIX COCEH, KPBUIO y HHUX
NPAaKTUYECKH OTCYTCTBYET, M OHHM HE€ NPHUCIOCOOJIEHBI K paclpoCTpaHEHHIO BeTpoM. Bce
nocienHue (UIOTEHETHYECKHEe TIOCTPOCHHS Ha OCHOBE MOJEKYJSIPHBIX MapKepoB pa3sHOM
JOKaJIu3alMu  (sAepHble, MUTOXOHAPHAIIbHBIE, XJIOPOIUIACTHBIE) TaKXe HE AT eIUHOTrO
pe3yabTaTa U He COOTBETCTBYIOT Apyr apyry (Gernandt et al., 2005; Syring et al., 2007; Tsutsui
et al., 2009). OxHO#M U3 OCHOBHBIX MPUYUH CUMTACTCS MHTPOrpeccHBHAs ruOpumu3anus. Takoe
NPEINONIOKEHNE  TOATBEP)KIACTCS  IIMPOKUMH ~ BO3MOXKHOCTSMH ~ JUII  MCKYCCTBEHHOH
THOPHIM3ALMH, B TOM YHCIE MEXKy a3HATCKUMU U ceBepo-amepukanckumu Bunamu (Critchfield,
1986). «Ilpupomnoii mnabopaTopuei» g HCCIACAOBAHUS CETYATOM HBOJIOIUU SIBIISIOTCS
COBpEMEHHbIe THOpUIHbIE 30HBL. Cpeau eBpOoa3HaTCKUX BHUJIOB €CTECTBEHHAs THOpPUAM3ALUSL
omucana jus P. pumila u P. parviflora B SInonun (Watano et al., 1996), P. pumila u P. sibirica
(Politov et al., 1999; I'opomikesud, 1999; Goroshkevich et al., 2008) B Poccun.

I'uGpuas! Kempa CHOMPCKOTO U KEIPOBOTO CTIAHWKA BCTPEYAIOTCS HA BCEM MPOTSHKEHUU
00J1acTH NepeKpbhIBaHUS apeajoB JIaHHBIX BUAOB: OoT Xamap-/labaHa 10 AJNJaHCKOTO Haropbs.
WccnenoBanue 3Toil THOpUAHON 30HBI BeIeTCS y Hac yxe Oosee 15 yer. YcraHOBIEHO, 4TO
XapakTep THOpUIM3alMM B pasHBIX Treorpaduyeckux paioHax passelid. B IIpuOaiikanbe
ruopuabl OOBIYHO TIPEACTABISAIOT COOOM 0CcOOM, HUMEIONIME IPOMEXYTOUHBIM TabuTyc B
CpaBHEHHH C POAUTEIHCKHUMHU BUJAMU. DTH THOPUABI PEANIOIOKUTENBHO SBISIOTCS THOPUIaMU
F1, Tak Kak 0 MHOTHM JPYTHM IIPH3HAKAM OHH TaK)Ke 3aHUMAIOT IIPOMEXYTOYHOE TIOJI0KEHHE,
Oyab TO aHaTOMMYECKHE NMPHU3HAKKM XBOM WINM H30(pepMeHThI cocTaB. [lo mionoHOIIEHUIO
THOPHIIBI HE OTIIMYAIOTCS OT POAUTENILCKUAX BUIOB, HO XapaKTEPU3YIOTCS CHIDKEHHON CeMEHHOU
OPOAYKTHUBHOCTBIO. [Ipu OIaronpusATHBIX YCIOBUSX OHM MOTYT JaTh Hayalo Kak rHOpHIam
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BTOPOTO TIOKOJIEHHUS, TaK M OdPKKpoccaM, T.K. ONBUISIIOTCS W TUOPUAAMHU, U POAUTEIbCKUMHU
BUJIaMHU.

B ceBepo-BocTOuHOM YacTu THOpPUAHON 30HBI OBLIIO OOHAPYXKEHO JIBa THIA THOPUIOB.
[TepBblit — 93T0 Takue >xe THOpuAb, Kak B Ilpubaiikanbe, HMEIOUIUE MPOMEKYTOUHYIO
Mopdororuo. BTopoit — TuOpuAbl, KOTOpble MO MOPQOJIOTHH OYEeHb OJM3KH K KeaApy
CUOMPCKOMY: UMEIOT OJUH CTPOTO BEPTHKAIbHBIA CTBOJI. OT 3TOr0 pOAMTEIHCKOTO BHJAa OHU
OTJIMYAIOTCSI HETUIIUYHBIM BETBJIEHUEM, JJIMHHBIMUA M30THYTBIMU KBEPXY HM)KHMUMM BETBSIMU U
dbopMOil CEeMEHHBIX Yelllyil, MNPOMEKYTOUHONH MEXIYy KEApOM CHOUPCKUM U KEIAPOBBIM
CTIAHUKOM. AHAJIW3 LUTOIUIA3MATUYECKMX  MapKepoB  MOATBEPIWJI HMX  THOpHUIHOE
npoucxoxjaeHue. bomee Toro, Bce 0coOHM, OMpeelieHHbIE B IOJIEBBIX YCIOBHSIX KaK Keap
CUOMPCKUH, OKa3aluCh TMOpUAAMM W UMEIH MUTOXOHJPHAJIBHBIM MapKep, TUIUYHBINA IS
KEJPOBOI0 CTiaHuKa. bbuin u Takue ocoOu ruOpuAOB, MPUHATHIE 332 KeAp CUOUPCKUN (OKOJIO
17%), y KOTOPBIX 1 MUTOXOHAPHAIILHBIA U XJIOPOIUIACTHBIN MapKephl ObUIH CTIIAHUKOBOTO THIIA.
OTO TOBOPUT O TOM, UTO THOpHAM3AIMS Keapa U CTJIaHMKAa 3allla HAMHOTO Jaliblie
dbopMupoBaHUs THOPUIOB TMEPBOrO TOKOJEHUS U TpuolOpena BUI OYEHb TIIyOOKOM
UHTporpeccuu. Takum oOpa3zoM, MEXKBUIOBasi THOpUIU3AIIMS UMEET OONbIIOE 3HAUCHUE TS S5-
XBOMHBIX COCEH: MOBBIILIAs Pa3HOOOpa3He, OHA BIUSET HA UX IBOJIIOIMOHHOE Pa3BUTHE.

VARIATION STRUCTURE OF 5-NEEDLE PINES OF EURASIA AS A PRODUCT OF
THEIR RETICULATE EVOLUTION
Vasilyeva G.V., Goroshkevich S.N., Petrova E.A.
Institute of Monitoring of Climatic and Ecological Systems, Siberian Branch of Russian
Academy of Sciences, Russian Federation; e-mail: galina_biology@mail.ru

At present there are about 22 species of 5-needle pines from subsection Strobus, section
Quinquefoliae (Gernandt et al., 2005): 14 Eurasian and 8 North American. In the XX century
these species were divided in two subsections, Strobi and Cembrae, mainly based on female
cone structure and size and shape of seeds (Little and Critchfield, 1969). Cembrae species have
indehiscent cones containing large seeds without wing which spread by nutcrackers. Strobi
species have dehiscent cones that have small seeds with wing which spread by wind. Majority of
Strbi species have features which correspond to their taxonomy but there are exceptions. For
example, P. flexilis, P. armandii and P. parviflora have more heavy seeds than other white pines
and these seeds have non-pronounced wing and don’t fit for wind disperse. Phylogeny based on
different molecular markers (nuclear, mitochondrial, chloroplast) don’t correspond to each other
(Gernandt et al., 2005; Syring et al., 2007; Tsutsui et al., 2009). Introgressive hybridization is
considered as one of the main reasons of lack of the correspondence. Wide possibilities for
artificial hybridization including Eurasian and North American species confirm the presumption
(Critchfield, 1986). Contemporary hybrid zones are “natural laboratory” for study reticulate
evolution. Among Eurasian species natural hybridization was described for P. pumila and P.
parviflora in the Japan (Watano et al., 1996), P. pumila and P. sibirica (Politov et al., 1999;
Goroshkevich, 1999; Goroshkevich et al., 2008) in the Russia.

P. sibirica and P. pumila hybrids occur everywhere in overlapping areals zone of the
species: from Khamar-Daban Ridge to Aldanskoe Upland. We study this hybrid zone more than
15 years. It determined that hybridization pattern is different in different regions. In Baikal
region hybrid usually look like trees having intermediate habitus in comparison with parental
species. Probably, these hybrids are F1 because they are intermediate in many other traits, for
example, needle anatomy and isozyme composition. Hybrids and parental species are similar in
cone bearing but hybrids have decreased seed efficiency. In favorable conditions hybrids can
give rise to F2 or backcrosses as they are pollinated by both hybrids and parental species.

Two types of the hybrids were found in the northern-eastern part of hybrid zone. The first
type is the same hybrids like ones in Baikal region which have intermediate morphology. The
second type is hybrids similar to P. sibirica which had one upright trunk. The sibirica-like
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hybrids differ from the species atypical branching, namely long curved upward lower branches,
and intermediate shape of seed scales as well. Analysis of molecular cytoplasmic markers
confirmed hybrid origin of these trees. Moreover, all trees identified in the field like P. sibirica
was hybrids and have mitochondrial marker typical for P. pumila. Some sibirica-like hybrids
(about 17%) had both mitochondrial and chloroplast marker typical for P. pumila. This suggests
the P. sibirica and P. pumila hybridization went farther than F1 formation and took the form of
deep introgression. Thus, interspecies hybridization has great value for 5-needle pines increased
variation it impact on their evolution.

CTPYKTYPA MAPTUHAJIGHBIX TONMYJISIIAN Y JECHBIX JPEBECHBIX
PACTEHHMI: TEHOTHUIIBI U ®EHOTHIIBI, POCT ¥ ITOJIOBAS PENTPOAYKIIUS,
MPOJAYKTUBHOCTb U YCTOMUUBOCTH (HA IPUMEPE KEJIPA CHBUPCKOT' O)
Beaucesnu C.H., I'opomikesuu C.H., [lerpoBa E.A., Benaep O.I'., Xyropnoii O.B.
HNHCTUTYT MOHUTOPHUHTA KIIMMaTHYeCKUX U 3Kojorudeckux cucrem CO PAH, Tomck,

Poccus; velisevich@imces.ru

Habnromaembie 1 IpOTHO3UpPYEMbIE U3MEHEHHS KJIMMaTa 00YCIIaBIMBAIOT aKTyaJbHOCTh
UCCIIEIOBaHMsI UX BO3JEHCTBUS Ha yecHble skocucteMbl (IPSS ... 2007), peakuus KOTOPBIX
0osiee OMIYTHMO TPOSIBIAETCS B OCOOBIX 30HAX — AKOTOHAX (JIECOTYHIPOBBIX, JIECOCTEITHBIX,
J1€cOO0JIOTHBIX M T.H.). 3[€Chb OCHOBHBIE KIMMAaTHYECKHE IapaMeTpbl — TemIeparypa M|
BJIQXKHOCTb, T'OPa3l0 CUJIbHEE, YeM B ONTHUMAJbHBIX YCJIOBUSAX, OTPAaHMYMBAIOT >KU3HEHHbIE
BO3MO)XHOCTH BHMJIa M JI€NAIOT 3TU PalOHBI BECbMa IIPUBJIEKATEIBHBIMHU UIsI MCCIIEIOBAaHUS.
OcoOblif MHTEpPEC B 3TOM OTHOILUEHUM IPEACTABISAET KEAp CUOMPCKUM — BUJ C OOIIMPHBIM
apeajioM, UIparoUIMi BaKHYIO XO3SHCTBEHHYIO M Cpeloo0pasyrolyto posb. B pamkax naHHOH
paboThl pacCMOTpPEHA OpraHu3alys IPUTPAHUYHBIX 30H TEPMUYECKUX I'PaHUIL], PACIIOI0KEHHBIX
[0 TpaJueHTaM: HIMPOTHOMY (CEeBEepHas M IOXKHAs B INPUOOCKOW 3amagHOCUOMPCKON YacTu
apeaja) U BBICOTHOMY (BEpXHSS M HUXKHSS B TOPHBIX pailoHaX AJTasi ¢ apuIHBIM U TYMHJIHBIM
KITUMATOM).

OneHka reHeTUYeCKO N3MEHYMBOCTHU (I€TEPO3UTOTHOCTH O U30(PEPMEHTHBIM JIOKYCaM)
U TOJPA3/IeJIEeHHOCTH IOXKHBIX MAprUHAIBHBIX nomynsiuil (55°27'-55°44") mnoxkazana, 4TO
KJIMMaTHYE€CKHE M3MEHEHHUs M aHTPOIIOT€HHOE BO3/EHCTBHE HA TEKYIIMH MOMEHT HE BBI3BAJIU
3HAYUTEIbHON PeAyKIMH FeHETUYECKOTo pa3zHooOpasus. OJIHAKO CHM)KEHUE KauecTBa MOJIOBOU
pPenpoAYKIIMM U HEYIOBJIETBOPUTEIHOE BO30OHOBIEHHE CBUIECTEIBLCTBYIOT O BEPOSITHOM
CMEIICHNN FOKHOM TpaHHLBI Ha CEBEpP IPU COXPAHEHHHM COBPEMEHHBIX KIMMATHYECKHX
TeHAeHIMd. CeBepHble MaprUHaIbHble MOMysIuu (65°48'-65°59"), HanpoTHB, XapakTepU3yroTCs
BBICOKMM YPOBHEM TI'€HETHYECKOM W3MEHYMBOCTH, IIOJIOBOM DPENPOAYKLIUU U €CTECTBEHHOIO
B0300HOBJIEHHS. OTBIT 110 NEPEMEUICHUIO CEMSIH 3TUX MOIMYJIALNNA 3a MOJAPHBIN Kpyr (66°39') n
BBIPALIMBAaHUIO UX B KAueCTBE JIECHBIX KYJBTYp IOKa3aj, YTO COBPEMEHHBIE KIMMATUYECKUE
YCIIOBUSI HE OTPaHUUYMBAIOT POCT U PEMPOIYKIHUIO IEPEBLEB, KOTOPHIE ObLIN MEpEeHECEHbI Ooliee
gyeM 3a 100 KM K ceBepy OT CyILIECTBYIOLIEH Ha JaHHBIM MOMEHT JIMHUU TPAHUILIBI apeaia Keapa
CUOHMPCKOTO.

B ropubix paiionax ¢ rymunHeiM kiuMmatoMm (CeBepo-BocTounblit Anrait) reHeTHUecKas
M3MEHYUBOCTh 3aKOHOMEPHO YBEIMYMBAETCS OT YEPHEBOrO IMOAMNOSACAa K BEPXHEW TIpaHuUle
pacpoCcTpaHEHUs] BMJA, YTO B H3BECTHOM MEpE XapaKTEpU3yeT YBEIMYEHUE B ITOM IKE
HAIpaBJIEHUU AJalTHBHOTO M OOIIEro MoTeHUMana MOMyJsuuid. YBeTudYeHHe WHTEHCHUBHOCTHU
pocTa M IUIOJOHOIIEHHS JAEPEBBEB BBICOKOIOPbSl CBHJETENBCTBYET O BO3MOYKHOCTU CMEILEHUS
BEpXHEW TpaHUIlbl PACIpPOCTPAHEHHUS Keapa CUOUPCKOTO B CTOPOHY BBICOKOTOPHOM TYHIIPHI.
Habmomaemoe B mocienHue JBa  JIECATHIICTHS  CHIDKEHME  KadecTBa  ypoxas U
HEYJIOBJIETBOPUTEIHLHOE BO3OOHOBJIEHUE B YEPHEBOM MOJIOSICE, HAIPOTUB, MO3BOJISIOT 0KUIAThH
COKpAIlleHUs] IUIOIAJAeH HU3KOTOPHBIX KEIPOBHHKOB IPH COXPAaHEHWH HAOIIOJaeMbIX
KJIMMaTHYECKUX TeHJEHIMM. B ropubix paiionax ¢ apuanbiM kiuMaroM (LlenTpansHbiii Anrait),
I/Ie PaclpOCTPaHEHHUE KEApa UMEET BBIPAKEHHBIH OCTPOBHOM XapakKTEp B 30HE KOHTAKTa CyXOi
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BBICOKOTOPHOM CTEIHU M XOJIOJHON BBICOKOTOPHOM TYHJIPHI, HA0MI0OJaeTCsl CTa0MIN3aLus pocTa u
IIOJIOBOH PENpONYKIIMU I€PEBBEB KEIpa, a TAKXKe aKTUBU3ALMsI BO30OHOBUTENBHBIX MPOLIECCOB.
Ilomy4yeHHble  pe3ysbTaThl  JIEMOHCTPUPYIOT  YHHUKAJIBHOCTb T'€HOTHIIMYECKOIO  COCTaBa
MapruHaJbHbIX MOMYJISALIUN U MO3BOJSAIOT PAaCCMaTpPUBaTh UX KaK JJIEMEHTAPHYIO €JUHULY IIPU
pa3paboTKe MEPONPUSATUI 110 COXPAHEHUIO T'eHO(OHIA Keipa CHOUPCKOTO.

STRUCTURE OF MARGINAL POPULATIONS OF FOREST TREES: GENOTYPE
AND PHENOTYPE, GROWTH AND SEXUAL REPRODUCTION, PRODUCTIVITY
AND SUSTAINABILITY (CASE OF THE SIBERIAN STONE PINE)
Velisevich S.N., Goroshkevich S.N., Petrova E.A., Bender O.G., Khutornoi O.V.
Institute of Monitoring of Climatic and Ecological Systems, Siberian Branch of Russian
Academy of Sciences, Tomsk, Russia

Observed and forecast changes in climate caused by actuality of the study of their impact
on forest ecosystems (IPSS ... 2007). Their reaction is more pronounced in specific areas -
ecotones (tundra, forest-steppe, forest-bog, etc.). In such extreme environment the main climatic
parameters - temperature and humidity, is much stronger than in optimal conditions limit growth
and reproduction of tree species and make these areas attractive for research. From this point of
view is very interesting the Siberian stone pine — a species which has an extensive area and plays
an important economic and environment-shaping role. In this article the organization of the area
limits of thermal boundaries located along gradients: latitudinal (northern and southern part of
the West Siberian, the Priobye area) and altitudinal (upper and lower mountain regions of Altai
with arid and humid climates) have been studied.

Evaluation of genetic variability (heterozygosity of isozyme loci) and subdivisions of
south marginal populations (55°27'-55°44") has shown that climate change and human impact
currently have not caused a significant reduction of genetic diversity. However, the decline in the
quality of sexual reproduction and insufficient reforestation predicts a shift of the southern
border to the north if they stay current climate trends. Northern marginal populations (65°48'-
65°59"), by contrast, are characterized by a high level of genetic variability, sexual reproduction
and reforestation. Experience on the movement of seeds of these populations per line of the
Arctic Circle (66°39 ") and growing them as forest plantations has shown that the current climatic
conditions do not restrict the growth and reproduction of trees that have been moved more than
100 kilometers north of the existing at the moment northern area limit of Siberian stone pine.

In mountain regions with humid climate (North-Eastern Altai) genetic variability of
population increases from the lower mountain zone to the upper limit of the species distribution.

Increasing the intensity of growth and reproduction of highland trees suggests the
possibility of displacement of the upper area limit of the Siberian stone pine towards the alpine
tundra. In contrast, observed in the last two decades the declining of the quality of the seed cone
production and insufficient reforestation in the lower mountain zone allows expect a reduction of
stone pine lowland areas while maintaining the observed climate. In mountainous areas with arid
climate (Central Altai) the spread of the Siberian stone pine has a distinct insular nature of the
distribution in the contact zone of dry steppes and cold alpine tundra. Here observed stabilization
of growth and sexual reproduction of Siberian stone pine trees, as well as the activation of
reforestation process. These results demonstrate the originality of genotypic structure of
marginal populations and they can be valued as an elementary unit in the development of
measures to preserve the gene pool of Siberian stone pine.
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HAYYHBIE OCHOBbBI BOCCTAHOBJIEHUSA U COXPAHEHUSA JTIECHBIX
I'EHETUYECKUX PECYPCOB POCCHUH

Buasikun A.H.

Wucturyt 6uonoruu Komu HIT YpO PAH, Poccus les@aiv.kirov.ru

B pesynbraTte HEraTUBHOW XO3SHCTBEHHOW ACSATEIBHOCTH OOJBIIUHCTBO IOMYJISITUN
JIECHBIX JPEBECHBIX pacTeHui Poccun HaxXoIUTCS B COCTOSHUU OMOJOTHYECKOW Jerpajaluu, a
HEKOTOpbIE — Ha TpPaHd IOYTH IOJHOrO BbIMHUpaHudA. [l03TOMYy HNPOUCXOOUT MHOCTENEHHOE
COKpAILLEHHUE JIECHBIX T€HETUYECKUX PECYPCOB, KOTOPOE IPOSBIISETCS B OCHOBHOM B CHUYKEHUU
FEHETUYECKON M3MEHUYMBOCTU MOMYJSAUUM U BUJOB. IIpy 3TOM B HEKOTOPHIX MOIMYISIUAX, MO
IPUYMHE OYEHb HU3KOM YHCICHHOCTH OCO0€i, OHO JOCTUINIO KPUTUYECKOTO Ipejaena, Mpu
KOTOpOM B Onnkaiiliee Bpems NPOU30OHAET MoTeps HMX TeHoQoHAOB. B cBs3u ¢ 3TUM
HEOOXOMMO CpPOYHO pa3paboTaTh MPOrpaMMy BOCCTAHOBJICHHS M COXpPAHEHHS JIECHBIX
reHeTH4ecKux pecypcoB Poccun. B macmTabax Hamiel cTpaHbl OHa JOJDKHA 0a3upoBaThbes Ha
ONTUMU3ALMHN CYHIECTBYIOIIUX CUCTEM JIECONOJIb30BAaHUSA U BOCIPOM3BOJCTBA JIECOB C IIEJIBIO
CO3MaHUs OJIArONPHUSATHBIX YCIOBUU MJIi €CTECTBEHHOTO JIECOBO30OHOBIEHUSI KaK OCHOBHOTO
croco0a pelieHus: JaHHON IPOoOJIEMBI.

Jiist aToro Hajo: 1) BRISIBUTH U yCTPAHUTh OCHOBHBIE MTPUYMHBI CHIDKCHHS TEHETUYECKON
M3MEHYUBOCTU TOMYJISAIMI, CBSI3aHHBIE C JIECOIMOJIb30BAHUEM U BOCIPOU3BOJICTBOM JIECOB; 2)
U3YYUTh NOMYJISLUHUOHHO-XOPOJOTUUYECKYI0 CTPYKTYpPY BHIIOB, BBLICIUTh M KapTUPOBATh
HOMYJISIIMM KaK OCHOBHBIE AJIEMEHTApHbIE €IMHULbI YIPABIEHUS MPOLECCAMU BOCCTAHOBJICHUS
U COXpaHEHUs T'CHETHYECKOro moimmopdusma; 3) pa3paboTaTh KOMILIEKC JECOBOJCTBEHHBIX
MEPONPUITHIA MO BOCCTAHOBJICHHIO YHUCICHHOCTH OCOOEH W TeHEeTHYeCKOH HM3MEHYUBOCTH
MONYJISALUM.

JUis 1€cCOBOACTBEHHON OINTHMMU3ALMU JIECOIOJIb30BaHUS U BOCIIPOM3BOJICTBA JIECOB
HeoOxoaumo: 1) yMEHBIIUTh PA3PELICHHYIO MpEAENbHYI0 IIMPUHY JIECOCEKH IpuU
CIUIONIHOJIecOCeUHOM pyOke xBoiHBIX ¢ 500 mo 200 M; 2) mMpUMEHSTHh TOJIBKO T€ CUCTEMBI U
BUJbl PYOOK, TEXHOJOTHUHU JIECOCEUHBIX pPabOT, KOTOpble obecreyaT MpeaBapUTeIbHOE,
COMYTCTBYIOIIEE U TMOCIEAYIOIIEEe €CTECTBEHHOE JIECOBO30OHOBIIEHUE; 3) OrPaHUUUTh CO3J/IaHUE
JIECHBIX KyJIbTyp Tocankoit g0 10 % ot oOmieil miomaau JeCOBOCCTAHOBICHUS, TaK KakK IO
NpUYMHE HecOAJaHCHPOBAHHOCTH YacTOT TEHHBIX BapHallMii OHM HE CIOCOOCTBYIOT
BOCCTAHOBJICHHIO MMKPOAIBOJIIOLIMOHHBIX IPOLECCOB M TEHETUYECKOW W3MEHUYMBOCTH B
MOMYJISAUSIX U HE COOTBETCTBYIOT MOHSITHIO TTOMYJISIIUHU.

BoccranoBnenne u coxpaHeHHE T€HETHMUECKONM M3MEHUYMBOCTH MOMYJALUNA BO3MOXKHO
TOJIBKO Ha OCHOBE KAapTOCXEM HX IMPOCTPAHCTBEHHOTO pa3MelleHus. s sToro msydaercs
reorpapuueckas H3MEHUMBOCTh YacTOT MOPPOPEHOTUNMHUECKHX MAaPKEPOB MOMYIISIIHIA,
BBISIBIIIIOTCS. M KApTUPYIOTCS PaliOHbI HUX OJHOPOJHOCTH W CHEHU(UYHOCTH, MPOBOIUTCS
CTaTHCTUYECKAasi OLEHKAa 3HAaYMMOCTH pazIu4YMid MEXIy HUMHU. AHAJOTHYHBIM 00pa3oM cC
MOMOIIBI0 APYTrUX (HEHOTHMHUYECKUX MApPKEPOB, MOKHO BBIICIUTh W KapTUPOBATh TPYIIHI
MOMYJISIIIUKA U JIETHUKOBBIE pedyruymbl. Ha 3aKIr04UTENsHOM 3Tare KapTUPOBAHUS C TIOMOIIBIO
MOJIEKYJISIPHO-TEHETUUECKUX METO/IOB TPOBOJUTCS OLIEHKAa T'€HETHUYECKOM TIeTepOoreHHOCTH
XOPOJOTHYECKU CMEXKHBIX MOP(HO(DEHOTUITUYECKU BBIJICIICHHBIX TOMYIISIITUH.

OTU HccleNoBaHUsl BBIMIOJIHEHBI O COCHE OOBIKHOBEHHOW. MTOorm ux cBomaTcs K
crenyroomeMmy: 1) XOpOJOTHMYECKH CMEXHbIe (DEHOTUNMHYECKH BBIICJICHHBIC MMOMYISAIUN
TEeHETUYECKHU TeTepOreHHbl; 2) (PEeHOTUNMYEeCKHe MapKepbl OTPa)KaloT MPOCTPAHCTBEHHYIO
middepeHmanuo  nonyisinuid - aHamorudHo  ISSR-mapkepam;  3)  MeXmOMyJISIIMOHHAS
U3MEHUYUBOCTH cocTaBisieT 45-50%, uro B 10-15 pa3 Gomnblie, yeM mpu aJuIO3UMHOM aHanu3e; 4)
M0 aJUTO3MMHBIM MapkepaM, B oTindme oT ISSR-mMapkepoB, cTaTUCTUYECKH 3HAYUMBIX Pa3Iuduid
MEXIY XOPOJOTHUYECKH CMEXHBIMHU TOMYJANUSIMHA B OOJBIIMHCTBE BapHAHTOB CPAaBHEHHS HE
BBIsIBIIEHO; 5) B 2016 1. mpeamosiaraeTcsi 3aKOHUYWTh KapTUPOBAHHUE TMOMYJSAIHMA COCHBI Ha
Pycckoli paBHuHE.

B kaxnoi kapTUpOBAHHON MOMYJISIMU MPOBOJATCS JIECOBOICTBEHHBIE MEPONPUATHUS IO
BOCCTAHOBJICHHIO M COXpPAaHEHUIO €€ TeHEeTHYeCKOW H3MEeHYMBOCTH. OHHU HU3JI0KEHbl HaMU B
«Cubupckom secHoM xxypHasie» B 2014 r., Ne 4,

Paboma evinonnena npu punarcosoii noooepsicke PODU, npoexm Ne 15-04-00304.
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SCIENTIFIC GROUNDS OF RESTORATION AND PRESERVING OF FOREST
GENETIC RESOURSES IN RUSSIA
Vydyakin A.1)
Institute of Biology of the Komi SC of UrD of Russian Academy of Sciences, Russia;
les@aiv.kirov.ru

As a result of improper management the most populations of forest ligneous plants are in
the state of degradation in Russia, and some of them are critically endangered. This is the reason
of gradual reduction of forest genetic resources, which consists mostly in lessening genetic
variability of populations and species. And in some populations, as a result of a very low number
of specimens, the situation has reached the critical limit, so that the loss of their genofond is
about to happen. Thus it is necessary to work out the program of restoration and preserving of
forest genetic resources of Russia. On a scale of our country this program should be based on
optimizing the existing the existing systems of forest management and forest regeneration with
the aim of creating favorable conditions for natural reforestation, which is the main way of
solving the problem in question.

Thus it is necessary: 1) to find out and eliminate the main reasons of lessening genetic
variability of populations, the reasons which are connected with forest management and forest
regeneration; 2) to study the species population-chorologic structure, to identify, and to map the
populations as the main elementary units in managing the process of restoration and preserving
of genetic polymorphism; 3) to work out a complex of forestry events aimed at restoration the
number of specimens and genetic variability of the population.

Forestry optimization of forest management and forest rehabilitation requires: 1) to lessen
the limit width of the wood cutting area at localized clear felling of conifers from 500 to 200 m.;
2) to use only those systems and wood-cutting ways and technologies which are able to provide
the previous, associate, and consequent natural forest growth; 3) to limit creating forest cultures
with planting up to 10 % of the whole area of reforestation, as due to dis-balanced gene variation
frequency they do not contribute to regeneration of microevolutionary processes and genetic
variability in populations and do not conform with the concept of population.

Restoration and preserving genetic variability of populations is possible only in condition
of mapping their positional application. Thus it is necessary to study the geographic
changeability of frequency of morpho-phenotypic population markers, to indicate and map the
areas of homogeneity and specificity, to make a statistical estimate of the degree of differences
between them. Same way, with the help of other phenotypic markers, it is possible to identify
and map population groups and glacial refugiums. At the final stage of mapping genetic
heterogeneity of chorologically adjacent, merpho-phenotypically identified populations is
estimated with the help of molecule-genetic methods.

The research of pine has been carried out. Its results are the following: 1) chorologically
adjacent phenotypically identified populations are genetically heterogeneous; 2) phenotypic
markers show spatial differentiation of populations, analogously to ISSR-markers; 3)
interpopulation changeability is 45-50%, which is 10-15 times more, than at allozyme analysis;
4) as for allozyme markers, unlike ISSR-markers, in the most cases there was not found any
statistically important difference between chorologically adjacent populations; 5) in 2016 it is
planned to finish mapping of pine populations on the Russian plain.

Forestry measures on restoration and preserving genetic variability of the mapped
population are taken within each mapped population. We have described them in “Siberian
Forest Journal” Ne 4, 2014.

The work was done with financial support of the Russian Foundation for Basic Research,
project Ne 15-04-00304.
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IF'EHETUYECKASA JUOPEPEHIIUALIUA MOPOOPEHOTUIINYECKHA
BBIJIEJTEHHBIX ITOMYJISIIUIA COCHBI OBBIKHOBEHHOM HA BOCTOKE
PYCCKOM PABHUHBI
‘BI/IIISIKI/IH ANL, boponnukoBa C.B2, [MpumHuBCcKas S1.B.2
1I/IHCTHTyT ouosoruu Komu HIT YpO PAH, Poccus; les@aiv.kirov.ru
ZHepMCKI/Iﬁ roCyJ1IapCTBEHHbBIN HAIIMOHAIBHBIN UCCIEA0BATEIbCKUNA YHUBEPCUTET, Poccus
SVBoronnikova@yandex.ru

Baxueiimei mpobieMoii COBPEMEHHOM MOMYJISLUOHHON OMOJIOTHH TPEBECHBIX PACTEHUI
ABJIACTCS M3y4YEHHUE IONYJALUOHHO-XOPOJOTMYECKONM CTPYKTYpbl BHUIA, BBIACICHUE U
KapTUPOBAaHUE 3JIEMEHTAPHBIX Nomyyauuid. OT yCHEIHOCTH pelleHHs €€ BO MHOTOM 3aBHUCUT
JalbHEeHIMi mporpecc B 00JaCTH MUKPOABOIIOLMOHHOIO YUEHHUS, SBOIIOLIMOHHON CUCTEMAaTUKU
Y TAKCOHOMUH, a TAKXKE BOCCTAHOBJICHUS U COXPAHEHUS JIECHBIX TEHETUUECKUX PECYPCOB.

B Hacrosimiee Bpems 10J BAMSHUEM HETaTHBHOI'O aHTPOIIOT€HHOTO BO3JEHCTBUS MHOTHE
IPUPOJHBIE MOMYJSLMU JAPEBECHBIX PACTEHUH HAXOASITCS B COCTOSHUM OMOJIOIMYECKOTO
perpecca, a HEKOTOpPbIE — Ha IPAHU TOYTH MIOJIHOTO YHUYTO)XEHHS. JTO IIOCTOSHHO YMEHbBIIAET
BO3MOXXHOCTH pelIeHUs yKazaHHOH mpoOinembl. [losTomy HeoOxoauma pa3zpaboTKa CHUCTEMBbI
HOBBIX, OoJiee 3(h(PEeKTUBHBIX METOIMYECKUX MTOIX0A0B, IPUHIIMIIOB U METOA0B HCCIIEIOBAHUS.

B konne XX, nayane XXI BekoB Ha pumepe cocHbl 00bIKHOBeHHO# (Pinus sylvestris L.)
Obula pa3zpaboTaHa CHUCTEMa METOJIOB BbIJIENEHUS (PEHOB U AJUIOMETPUUYECKHX HHIEKCOB-
MapKepoB IeHOTHUINA JIepeBa, X nmpuMeHeHus: B (enoreorpaduu (Bumskun, 1991, 2001, 2003,
2010). DT0 MO3BONMIIO BBLAEIUTH U KapTHUPOBATh XOPOJOTMUYECKU CMEKHbIE (DEHOTUIINYECKU
rereporeHHsie nmomyisiiuu P. sylvestris va Boctoke Pycckoit paaunbl (Bumsikun, 2004).

OpHako 3TH MoApas[eNeHNs BUAA MOXHO CUUTATh MOIYJSALUSMU TOJBKO IPU YCIOBUHU
BBISIBJICHUSI UX TE€HETHMYECKON rereporeHHocTt. s atoro ¢ momomipio ISSR meroma nHamm
IIPOBEJEH MOJIEKYJISIPHO-TeHeTHYecKui aHanu3 saepHoi JJHK B Tpex xoposnornueckn cMeXHBIX
nonymsuusix P. sylvestris — CeBepoaBuHckoi, BepxHeBeTiykckoi, Bermyxcko-Bsrckoi,
BBIJICJICHHBIX W KapTUPOBaHHBIX B pe3yiabTaTe HU3y4eHHs TIeorpapuueckodl M3MEHUYHUBOCTH
ajNIOMeTpUYecKuX HHAEeKcoB mmmek (Bumskun, 2004). Jlna aHanuza B KaXIOH MOMYJSIIUU
coOpaHo 1o J1B€ BEIOOPKH MMOOETroB, U3 BETETATUBHBIX MTOYEK KOTOPHIX Obu1a BhifeneHa JIHK.

AHanu3 TMOJIyYEHHBIX [aHHBIX IO TEHETUYECKOM H3MEHUYMBOCTHM IIOKa3all, 4YTO IpHU
HQJIMYUM BHYTPUIIOMYJSIIMOHHON OZHOPOAHOCTH BbIOOpOK CeBepoABMHCKAs —MOIYJISALUSL
CTaTMCTUYECKM 3HAYMMO OTJIMYaeTCs OT BepXHeBeTiyXKCKOil Mo mokaszarensMm: 1) oxumaeMoit
rerepo3urotHoctd (H.); 2) abconroTHOTO uncna amieneit Ha 1okyc (n,); 3) addexTuBHOrO YNCHa
aiseneil Ha Jokyc (ne), a BepxHeBeTnyxckas nomyssius oT Bernyxcko-BsaTckoil — Toiabko 1o
a0COJIFOTHOMY YHCITY aJUielieil Ha JIOKYC (n,).

B cmexsbix CeBepoIBUHCKOW UM BepXHEBETIIY)KCKOW HONMYJSALUAX B CPENHEM IO BCEM
npaiimepam oO1iee reHeruueckoe pasHooOpasue BbrIOOpok (HT) cocramser 0.307, cpemnee
reHeruueckoe pazHoooOpasue (Hs) — 0.157, koadpdunment noapazaenennoctu (Gst) — 48.82%, a
B BepxHepernyxxckoil u Bermyxkcko-Bsitckoi nmomynsnusx — coorBercTtBeHHO 0.227, 0.115,
48.43%.

I'enernueckoe paccTossHue MeXAy BbiOOpKaMu CeBEepOABUHCKOM MOMYINALUUA COCTABIISIET
0.072, BepxueBermyxkckorr — 0.089, Bermyxcko-Bstckoit — 0.073. Mexay BbIOOpKaMu
CeBepoIBUHCKON M BepXHEBETIIy)KCKOM MOIMYJSINUN TOMAPHBIE TE€HETUYECKHE PACCTOSIHUS
YBEJIMUUBAIOTCSA IPUMEPHO B 5 pa3, a BepxueseTimyxckoil u Betnyxcko-Bstckoit — B 2.5 pa3sa.
Ha nenmporpammax, moctpoeHHbix UPGMA-metomom mo ISSR-cnektpam, BBIOOpKH KaKmaou
HOMYJISAIUK 00pa3yloT OTJAENBHBINA KIacTep.

Takum  oOpa3om, wuccieqoBaHMsS — IOKa3aJd, YTO  XOPOJOTMYECKH  CMEXKHbBIE
MopdodeHoTunueckn BbIAeNeHHbIe Tonmymsinun  P.  Sylvestris cratuctuuecku 3HaYMMO
pa3InuyaroTcs MO MOKA3aTeNsIM TeHETHYECKOM M3MEHYMBOCTH U F€HETUYECKON CTPYKTYpsl. [Ipn
3TOM MOApa3AenEéHHOCTh nmomyisinuii mo ISSR- mMapkepam, kak MUHUMYM Ha MOPSIOK OoJible,
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YeM MpU aUI03UMHOM aHanm3e. KiaccoBble YacTOTHI alULIOMETPHUECKUX HHICKCOB OTPaXKaroT
crienipuKy MpOCTpaHCTBEHHOU aud depeHImauy nonysiui anaaorudao ISSR-mapkepam.

Paboma evinoanena npu ¢gunancosou nooodepocke PODU (Ne 12-04-00062, Ne 15-04-
00304).

GENETIC DIFFERENTIATION OF THE MORPHO-PHENOTYPICALLY
IDENTIFIED POPULATIONS OF PINUS SILVESTRIS L. IN THE EAST OF THE
RUSSIAN PLAIN
Vydyakin A.1}', Boronnikova S.V.%, Pryshnivskaya Ya.V.?

YInstitute of Biology of the Komi SC of UrD of Russian Academy of Sciences, Russia
les@aiv.kirov.ru
“Perm National State Research University, Russia SVBoronnikova@yandex.ru

The main issue of contemporary Biology of ligneous plants populations is studying
population-chorologic structure of the species, as well as identifying and mapping elementary
populations. Any further progress in developing microevolution theory, evolution systematics
and taxonomy, as well as in preserving forest genetic resources, depends on the ability of dealing
with this issue.

Nowadays anthropogenic impact causes biological regress in many natural populations of
ligneous plants, and some of them are on the brink of extinction. So the possibility of solving this
problem is gradually lessening. That's why it is necessary to work out the system of new, more
effective methodological approaches, principles, and research methods.

In the end of the 20™ century — the beginning of the 21-st century there was worked out a
system of methods of phene identifying and allometric indexes-markers of tree genotype, and
their application in Phenogeography by the example of pine (Pinus sylvestris L.) (Vydyakin,
1991, 2001, 2003, 2010). It helped to identify and to map chorologically adjacent,
phenotypically heterogeneous populations of P. sylvestris in the east of the Russian Plain
(Vydyakin, 2004). Still these subdivisions of the species could be called populations only if their
genetic heterogeneity is stated. For that, with the help of ISSR-method we have carried out
molecule-genetic analysis of the nucleus DNA in three chorologically adjacent populations of P.
sylvestris: Severodvinsk, Upper-Vetluga, and Vetluga-Vyatka populations, which were identified
and mapped as a result of researching geographical changeability of allometric cone indexes
(Vydyakin, 2004). For the analysis in each population there were taken 2 shoot samplings, and
from their vegetative buds DNA was taken.

The analysis of the data on genetic changeability has shown that, with interpopulation
homogeneity of the samplings, the Severodvinsk population is statistically different from the
Upper-Vetluga population as for: 1) the heterozygosity expected (He); 2) the absolute number of
alleles per locus (na); 3) the effective number of alleles per locus (ne), and the Upper-Vetluga
population differs from the Vyatka-Vetluga population only in the absolute number of alleles per
locus (na).

In the adjacent Severodvinsk and Upper-Vetluga populations, on the average, as for all
the primers, the general genetic variability of the samplings (Ht) is 0.307, the average genetic
variability (Hs) is 0.157, the coefficient of subdivision (Gst) is 48.82%, while in the Upper-
Vetluga and the Vetluga-Vyatka populations these indexes equal 0.227, 0.115, 48.43%
accordingly.

The index of genetic distance between the samplings of the Severodvinsk population is
0.072, of the Upper-Vetluga population — 0.089, and of the Vyatka-Vetluga population — 0.073.
Pairwise genetic distances between the Severodvinsk and the Upper-Vetluga populations
increase fivefold, while between the Upper-Vetluga and the Vetluga-Vyatka populations they
increase 2.5 times. In the dendrogrammas made with the UPGMA-method according to ISSR-
specters the samplings of each population form a separate cluster.
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Thus, the research has shown that the chorologically adjacent populations of P. sylvestris
identified on the morphophenotypic principle considerably differ statistically as for the indexes
of genetic changeability and genetic structure. The subdivision of the populations as for the
ISSR-markers is by an order of magnitude greater than at allozyme analysis. The class frequency
of allometric indexes reflects the specificity of the populations' spatial differentiation analogous
to ISSR-markers.

The work was done with financial support of the Russian Foundation for Basic Research
(Ne 12-04-00062, Ne 15-04-00304).

OIIEHKA T'EHETUWYECKOM 'ETEPOTEHHOCTH NMONYJIALAIA
JJECOOBPA3YIOIINX BUJIOB JIPEBECHBIX PACTEHUI: METOJINYECKHUE
MPUHIIMUIIBI OTEOPA JTEPEBBEB U INONYJISIIIAN, KOMIIJIEKCHOCTD M
3TATTHOCTH UCCJEJTOBAHUN
I'moros H.B., ‘BI/I)IHKI/IH ANF, Tapakanos B.B.>*

"Mapuiickuii rocynapcrsennbiii yausepeuter (Momkap-Ona), Poccust, nvglotov@inbox.ru
ZI/IHCTI/ITyT ouonorun Komu nayunoro nenrpa YpO PAH (Kupos), Poccus
33aHa,[[HO-CI/I6I/IpCKI/II71 ¢bunmmnan Uucruryra neca CO PAH (HoBocubupck), Poccus
4H0130c1/161/1pc1<1/1171 rOCyJIapCTBEHHBIN arpapHblidi yausepcuteT (HoBocubupcek), Poccust

Jnisi  pemeHus pa3iuyHBIX 337a4y B OOJIACTHM COXpPAaHEHHS W PalMOHAIBHOTO
WCIIOJIb30BaHUS JIECHBIX T€HETUYECKHUX PECYPCOB MEPBOOYEPEAHOE 3HAUCHHE MMEET M3ydeHHe
ocobeHHOCTE TeHO(OHIOB M TPOCTPAHCTBEHHOM MOIMYJSIMOHHOW CTPYKTYphl BHUAOB. B
MOCNIEAHUE JECATUIICTHSI PE3KO BO3POCITIO YUCIO MyONUKALUN, MOCBAUICHHBIX JaHHON TeMe Ha
OCHOBE aHaJM3a PE3yJbTAaTOB OIEHKH M3MEHUYMBOCTH aiuio3uMHbIX U JIHK mapkepoB (0030pbl
Kpyrosckuii, 2006; [Tonmutos, 2007). 3T0 00yciI0BIEHO BHICOKOW MH()OPMATUBHOCTHIO JaHHBIX
METOJIOB B IUIaHE XAPAKTEPUCTUKH I'€HETUYECKON CTPYKTYphl MOMYJISALUI MO OOJIbIIOMY YUCITY
JIOKYCOB TIO MapameTrpaM, KOTOpble HEBO3MOXKHO MOIYYHUTh IPYTMMH METOJAMHU, - TAKUMH, KaK
NOJIMMOP(HOCTb, TETEPO3UTOTHOCTh, IEpPEUYeHb M YacTOTa TalIOTUIIOB, WHTEHCUBHOCTD
uHOpunuHra u gap. Ilpu stoM co3nmaércs BrewarieHue, uTo 3(G(EKTUBHOCTh HPUMEHEHUs
HOBEHMIINX MOJIEKYJISIPHO-TEHETUYECKMX METOJ0B Morja Obl ObITh MOBBIILIEHA, €CIU Obl
COBpPEMEHHBIE HCCIIe0BaTeNN O0iee MOJTHO UCTIOIb30BAIM ONBIT M MH(OPMAINIO, HAKOIUIEHHbIE
IpU M3YYEHUU H3MEHUYMBOCTU M TOMYJSALMOHHOW CTPYKTYpbl BHJOB-jJecooOpa3oBaTenieil Ha
IpeabpIyIieM dTane uccienoBaHuil. Ilpexae Bcero, 3T0 OTHOCHTCA K METOJaM pa3MEUICHHS
BBIOOPOK B apeajie UCCIETyeMOro BUJA, a TaKKe K MPUHIUIAM KOMIUIEKCHOCTU M ATalHOCTH
UCCIIEIOBaHUM, KOTOpPbIE MOJIPOOHO PAaCCMOTPEHBI B COOOIIEHHUH.

Cnenanbl BBIBOJBI O TOM, YTO: 1) MpH pelIeHUM 3a/Ja4M XapaKTePUCTUKU T'€HETHYECKON
reTeporeHHOCTH MOMYIISIIUK B MaciTade apeasa BUAa pa3MelIeHHe BHIOOPOK /ISl UCCIIEA0OBAHUM
JIOJDKHO OCYHIECTBIISITbCA C YY4eTOM JIaHIMIA(THO-IKOJIOTHYECKOM CTPYKTYphl apeana H
ecrectBeHHoU uctopuu Buga (I'moros, 1975; 1983; Cemepukos, 1986; Bunskun, 2004; 2014;
Zhivotovsky et.al., 2014); 2) ¢ y4eroM TOro, YTO KaXIblii METOJA OIEHKA TECHETHYCCKOU
TFeTepOreHHOCTH MMEET CBOU CUJIbHBIE U ClIa0ble CTOPOHBI, JJISi PEIIEHHUS MMOCTABIEHHBIX 3aJa4
HE0O0X0/IMMO HCHOJb30BATh KOMILJIEKC METOJOB MOJIEKYJISIPHOH T€HETHKH, MOMYJISIMOHHON
deHeTHKH, a Takke OHOMETpPUYECKON TeHeTHKH; 3) [Js CHIKEHUs ceOecTOMMOCTH
UCCIIIOBAaHUN 11€7€CO00pa3HO TOATAIHOE NPHUMEHEHHE Ppa3IMYHBbIX METOJOB, HAYMHAs OT
HauboJee MPOCThIX U OTHOCUTENLHO HEIOPOTUX METOAOB MOMYJISIIUOHHON (PEHETHKHU Ha IIEPBOM
3Tare MaccoBOI0 CKpMHHMHTA OOJIBIIOrO YKciIa BHIOOPOK CO BCEro apeaina, 0 6osee JOPOrux, Ho
MakcuMaibHO HH(popMaTuBHBIX MeTo10B JIHK-ananu3a Ha 3aKkiI0ounTENIbHOM 3Tare, Ha KOTOPOM
BBIOOPOYHO HCCIEAYIOTCS «TUIWYHBIE» M «HETUIIWYHbIE» BBIOOPKH, naércs 00o0OIIeHHas
XapaKTepUCTHUKAa OCOOCHHOCTEM MONYyJISIMOHHON CTPYKTYphl BHJA U YTOUHSAETCS pPaHT
BBISIBJICHHBIX BHYTPUBHIOBBIX ap€abHbIX COBOKYITHOCTEH.

Paboma evinonnena npu ¢unancosoti noooepoicke POOU (epanm Nel3-04-00495 a).
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ESTIMATION OF GENETIC HETEROGENEITY OF POPULATIONS OF WOOD
PLANTS SPECIES: METHODICAL PRINCIPLES OF SELECTION OF TREES AND
POPULATIONS, SEQUENCE OF RESEARCH STAGES
Glotov N.V.%, Vidyakin A.1F, Tarakanov V.V.**

! Mari State University, Yoshkar-Ola, Russia; nvglotov@inbox.ru
2 Institute of Biology of the Komi SC of UrD of Russian Academy of Sciences, Russia;
les@aiv.kirov.ru
¥ V.N. Sukachev Institute of Forest (West-Siberian Branch), Siberian Branch of Russian
Academy of Science, Novosibirsk, Russia
*Novosibirsky State Agricultural University, Novosibirsk, Russia

The studying of features of genofunds and spatial population structures of species has the
prime value for the decision of various problems in the field of conservation and rational use of
forest genetic resources. In the last decades the number of the publications on this theme on the
basis of the analysis of results of an estimation of variability allozyme and DNA markers has
sharply increased (reviews Krutovsky, 2006; Politov, 2007). It is caused by high information
value of such methods which give characteristic of genetic structure of populations on the big
number of locies on parameters which cannot be received other methods - such as
polymorphism, heterozygosity, the list and frequency of gaplotypes, intensity of inbreeding and
others. As it seems to us, the efficiency of using of the newest molecular-genetic methods could
be raised, if modern researchers made use the experience and the information which has been
accumulated up at studying of variability and population structure of keystone species at the
previous stage of researches. First of all, it concerns to methods of the areal distribution of
population samples and also to principles of integrated approach and sequence of researches; it is
considered in detail in the message.

Conclusions is drawn : 1) at the decision of a problem of the characteristic of genetic
heterogeneity of populations in species areal scale the distribution of population samples for
investigations must be fulfilled taking into account the landscape-ecological structure of an area
and natural history of the species (Glotov, 1975; 1983; Semerikov, 1986; Vidyakin, 2004; 2014;
Zhivotovsky et.al., 2014); 2) considering that each method of an genetic heterogeneity estimation
has strong and weak points, for the decision of the tasks it is necessary to use a complex of
methods, including molecular genetics, population phenetics, and also biometric genetics; 3) for
decrease in the cost price of investigations it is expediently to use step-by-step application of
various methods, beginning from the most simple and concerning inexpensive methods
population phenetics at the first stage of mass screening of the big number samples from all area,
up to more expensive, but as much as possible informative methods of DNA-analysis at the final
stage on which "typical” and "atypical” samples are selectively investigated, the generalized
characteristic of population structure features of a species is given and the intraspecific
hierarchical rank of revealed populations and its complexes is précised.

The work was done with financial support of the Russian Foundation for Basic Research
(project Me13-04-00495 a).

MMPOSIBJIEHUE KOJIMYECTBEHHBIX IPU3HAKOB B CEMEHHOM INIOTOMCTBE
Y CTEPEOMOP® ILJTIOCOBBIX JIEPEBBEB EJIM EBPOIIEMCKOM B CBSI3U C
I'YCTOTOM NOCAJIKH
I'onukoB A.M.

Oumman OBY «Pocnecozammuray - «113J1 HoBropojackoit o6iaactu», Poccus;
toly.golikov@yandex.ru

MHoOrouuciaeHHsle JaHHBIE, NOJIYYCHHBIEC I Pa3iIU4YHBIX BUIOB JIPEBECHBIX PACTCHUH,
MoKa3ajau, 4To 3(P¢eKThl KOHKYPEHIIMH OKAa3bIBAIOT 3HAUUTENbHOE BIUSHUE HA CTPYKTYpPHYIO
OpraHU3alMI0 HACAXKICHUHN, XapaKTep POCTa OTAEIBHBIX IEPEBbEB U UX CEJICKIIMOHHBIE CBOMCTBA
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(CykaueB, 1941; Pomne,1980; Golikov,1989; I'onukos, Kapues, MacnakoBa, 1992; I'onukos,
2011; I'onmukos, XXurynos, 2012; Porosun, Pa3un, 2012; I'onmukos, Poro3un, 2013).

B Hacrosmiee BpeMs 3KOJOTO-AMCCUMMETPUYECKUM IOAXOJ SBISAETCA BaKHEHIIECH
METOA0JIOTMYECKOH OCHOBOW B IMO3HAHUM HOMYJISALMOHHBIX 3aKOHOMEPHOCTEH BUI0B XBOWHBIX
(AM. T'onukoB. DKOJOTO-AUCCUMMETPUYECKUN TMOAXO0Jl B TEHETUKE U CEJICKIUU BHUIOB
xBoiinbeix, LAP LAMBERT Academic Publishing, 2014, 162 c.). JlaHHBII MOAXO0/ ITO3BOJIKII
OTKPBITh MEXaHMW3Mbl TE€HETHYECKOT0 TOMEOCTa3a NOMYyJSIUi B MEHSIOLUIMXCS YCIOBHAX
YBIIQXKHEHUS U BHYTpPEHHEH cpelibl GUTOLEHO3a, U3 KOTOPbIX HauboJjee CHIIbHbl KOHKYPEHTHbIE
B3anMoJIeiicTBrs Mek Ty JeBbiMuU (L) 1 ipaBeiMu (D) hpopmamu nepeBbeB (SHaHTHOMOpP(aMK) Ha
LIEHOTHYECKOM ypoBHE. [Ipu BBICOKOH MJIOTHOCTH LIEHO3a U 0OOCTPEHHM KOHKYPEHLIUHU IpaBble
(GopMBI COCHBI W €M OKa3aJuch Hambosiee KOHKYPEHTOCIOCOOHBIMH W OTJIMYAIHCh Ooliee
OBICTPBIM M CTaOUJIBHBIM POCTOM. JIeBble (hOpMBI, HANPOTUB, OTPULATEIBHO pPEarupyroT Ha
YBEIMYEHHUE TUIOTHOCTH LIEHO03a, YXYALIAI0T POCT M YCHJIMBAIOT AU(PepeHIINAIUIO IO BBICOTE U
nuamerpy. [IpoTHBOINONIOKHOE pearMpoBaHUE JIEBBIX M TPaBbIX (OPM Ha KOHKYPEHLUIO
00yCJIOBJICHO TE€M, YTO OHHU aIAITHBHO HEPABHOLCHHBI 10 OTHOIIEHHIO K OCHOBOIOJIAralOIINM
(dakTopaM cpelbl: CBETYy, Biare M Temmeparype. JleBble (OpMbI OTIMYAIOTCSA CBETOJIIOOUEM U
KCEpOUTHOCTHIO, a TMpaBble, HAOOOPOT, TpeOOBAaTEIbHBI K BIIAre, TEHEBBIHOCIUBHI U
X0JIOJIOCTONKHU.

Hamu Oputm mccnemoBanbl 23-I€THUE WCTIBITATENBHBIE KYJIBTYPHl IUIFOCOBBIX JIEPEBHEB
eJIi eBpONEICKON, CO3/1aHHbIE Ha IPEHUPOBAHHOMN JIETKOCYTJIMHUCTON MTOYBE B KMCIMYHOM THIIE
Jeca ¢ TycToToi mocaaku 6350 5k3./ ra (TycThie KynbTyphl) U 833 9k3./ra (penkue KynbTypsl). B
TYCTBIX KyJIbTypax IMPOXOJAT UCIBITAHUE 72 CEMbH, a B PEIKUX KYyJIbTypax — 57 ceMmeil.

Ha ocHOBaHWYM AMCCUMMETPHYECKON M3MEHUYMBOCTH CTBOJIA M KPOHBI TLUTFOCOBBIE IEPEBbSI
eJii ObUIN pa3/iesieHbl Ha CIIEAYIOLIe CTepeOMOpP(HbIE THIIbL:

—LL, DD — neBblif M mpaBblii TUIIBI C JOCTOBEPHBIM YHCIEHHBIM IpeodJiajaHHEM
TOMOJIDOMHBIX T1OOEroB B KpOHE (IEepBblii OyKBEHHbI 3HAaK O03HAYaeT JUCCHUMMETPUIO
CTBOJIOBOTO 1o0era, a BTOpoil — KpoHbI);

—LR, DR — neBblif 1 mpaBblif TUNBI C palleMUYeCKUMHU KpoHamu (cooTHoueHue L u D
100eroB JOCTOBEPHO HE OTKJIOHSIETCSA OT TEOPETUUECKH OxkHaeMoro 1:1);

—LD, DL— neBblit 1 paBblil TUIIBI C TPEOOIIAAHNEM aHTHAPOMHBIX TOOETOB B KPOHE.

WccnenoBanus mokaszanu, yTo Oojiee BBICOKOE IMOTOMCTBO B O0OMX THMAaxX KYJIbTYp
umerot crepeomopdsr LL, DD, LR u DR, a moromcTBO cTepeoMopd ¢ aHTUIPOMHBIMH KPOHAMHU
LD u DL pacrer noctoBepHo xyxke. Ho B yclnoBHSIX pelKHX KyJIbTyp IMOTOMCTBA JIEBBIX (hOpM
nocoBbIx JepeBbeB (LL, LR u LD crepeomopdbl) mpeBocxoauiin MOTOMCTBA MpaBbix (hopm
(DD, DR u DL crepeomopdsr) mo auamerpy Ha 11.4% u mo Beicote Ha 9.7%. B rycthix xe
KyJIbTypaxX paHTOBBIA CTaTyc ceMeil u3MeHmicsa: Haubosiee OBICTPHIM POCTOM OTIMYAIUCH
MIOTOMCTBA YK€ TPaBbIX (JOPM C TIPEBBIMICHUEM I10 IUAMETPY U BBICOTE HaJl TOTOMCTBOM JIEBBIX
¢dbopM COOTBETCTBEHHO, Ha 6.9% u 5.6%. OOHapyXeHHbIE 3aKOHOMEPHOCTH CBUJIETEILCTBYIOT B
MI0JIb3Y BBIBE/ICHUS CIIEIUAIBHBIX COPTOB XBOHHBIX IS OOBIYHOTO (TYCTOTO) U TUTAHTAIIHOHHOTO
(penkoro) WX BBIpALIMBAaHUSA, C 00s3aTelIbHBIM Y4YEeTOM U IpeodiajaHueM Impu oTOope
MaTEPUHCKHX JEPEBLEB JHOO0 MPaBbIX, JTUOO UX JIEBBIX (HOPM.

EXPRESSION OF QUANTITATIVE TRAITS IN SEEDLINGS OF STEREOMORPHS
OF NORWAY SPRUCE PLUS TREES IN RELATION TO POPULATION DENSITY
GolikovA.

Centre for forest protection in the Novgorod region, Russia; toly.golikov@yandex.ru

Numerous data for various types of woody plants show that competition influence a lot
on the structure of planted vegetation, way of growth of certain trees and their breeding
characteristics (Sukachev, 1941; Rone, 1980; Golikov, 1989; Golikov, Kartsev, Maslakova,
1992; Golikov, 2011; Golikov, Zhigunov, 2012; Rogozin, Razin, 2012; Golikov, Rogozin,
2013).

39


mailto:toly.golikov@yandex.ru

Now, environmental dissymmetrical approach is a major methodological framework for
studies of the coniferous populations’ patterns (A. Golikov: Environmental dissymmetrical
approach in coniferous genetics and selection, LAP LAMBERT Academic Publishing, 2014, 162
p.). This approach allowed for the discovery of genetic homeostasis regularities in changing
moisture and phytocenosis conditions, out of which the strongest competition is observed
between left (L) and right (D) tree forms (enantiomorphs) on cenosis level. In the conditions of
high population and stiff competition, right forms of pine and spruce were more competitive and
showed faster and more stable growth. On the contrary, left forms adversely react to the increase
in coen population, deteriorate their growth and strengthen the differentiation in height and
diameter. Different reaction of left and right forms to the competition can be explained by the
fact that they are unequal in their adaptability to major ambient factors: light, humidity and
temperature. Left forms are more light-demanding and xerophylous, and right forms are
hydrophilous, shade-tolerant and cold-resistant.

We have studied 23-year-old Norway spruce plus trees tested on drained sandy loam soil
in wood sorrel forest with stand density of 6350 trees / ha (dense cultures) and 833 trees / ha
(thin-sown cultures). 72 families were tested in dense cultures and 57 families — in thin-sowned
cultures.

Based on dissymmetrical variability of trunks and crown, spruce plus trees were divided
into the following stereomorph types:

— LL, DD - left and right type with significant quantitative domination of homodromous
springs (the first alphabet means the trunk dissymmetry and the second means the crone
dissymmetry);

— LR, DR — left and right type with racemic crones (the ratio of L and D springs doesn’t
differ significantly from the theoretically anticipated 1:1);

— LD, DL - left and right type with significant domination of antidromous springs.

The survey has shown that higher offspring in both cultures have stereomorphs LL, DD,
LR and DR; and stereomorphs with LD and DL antidrome crones give offspring that grow
significantly worse. But in case of thin-sowned cultures the offspring of left plus trees
(stereomorphs LL, LR and LD) were bigger than the offspring of right trees (stereomorph DD,
DR and DL) in diameter by 11.4% and in height by 9.7%. Whereas in dense cultures the rank of
the families is different: the most fast-growing were the offspring of right forms which were
bigger than the offspring of left forms in diameter and height by 6.9% and 5.6%
correspondingly. These regularities confirm the need to develop tailored coniferous species for
common (dense) and planted (thin-sown) growing with obligatory control and domination of
either left or right parent tree.

YPOBHHU OPTAHU3ALIUU TEHETUYECKOT' O PASBHOOBPA3USA (HA IIPUMEPE
JIECHBIX IPEBECHBIX PACTEHU)
I'opomkeBuu C.H.
WMHCTUTYT MOHUTOPHHIA KITUMaTUYeCKUX 1 sKonoruueckux cuctem CO PAH, Poccusi;
gorosh@imces.ru

ITon reneTHuecKUM pazHOOOpa3ueM OOBIYHO TOHUMAETCS BHYTPUBHUIOBOE Pa3HOOOpa3HeE.
ITo HameMy MHEHHIO, B JAaHHOM CJIy4ae BPsIZ JIM UMEET CMBICI ONIEpUPOBATH TAKCOHOMHYECKON
KaTeropueil, KoTopas 10 CHUX MOp HE MMEET CKOJIbKO-HUOYIb OOLIENPUHSTOrO OMpPEEIICHUS.
[TosTOMy reHeTH4ecKHM pa3HOOOpa3ueM Mbl MpeajaraeM Has3blBaThb pa3zHOoOpasue BHYTPH
COBOKYITHOCTH PENPOJYKTUBHO COBMECTHUMBIX HAJOPraHU3MEHHBIX OTAEIbHOCTEH, T.€. Ha TOM
YPOBHE, IJie TEHETUYECKHE Pa3INyuus HE UCKIIIOYAl0T FEHETUUECKOT0 B3aUMOIEHCTBUS.

Jna knaccugukauumu pasHooOpasus BHYTPH BHAA TPAaJULIUOHHO (GUIYpUPYIOT JBa
KJIIOYEBBIX TEpMUHA — MONyJsuus U skotun. Oba TepMHHA MMEIOT MHOIO Pa3zHOOOpa3HBIX
OIpeNIeIeHNH, YTO TOBOPUT 00 MX HeompenaeneHHocTu. HeompeneneHHOCTh BKIIHOYAeT [Ba
ocHOBHbIX asieMeHTa. (1) HeompenejeHHocTh cojep:kaHusi. EcTe MHOro onpeaeneHuit
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MONYJISILUY, TI€ OYEHb CUJICH 3KOJIOTMYECKUN KOMIIOHEHT. ['J1aBHOM ke 3a7adyel ucciaen0BaHus
SKOTHUIIOB SIBJISIETCS  BBISIBIIEHHE HACJIEICTBEHHOTO KOMIIOHEHTa B HUX pa3HOOoOpasui.
CnenoBarenbHO, 1Ba TEPMUHA XapaKTEPU3YIOT Pa3HOOOpa3He C Pa3HbIX, HO OJMHAKOBO BaXKHBIX
cTOpOH. [lonmynsAMOHHO-TEHETUYECKUE YPOBHU OPraHU3alMi UMEET CMBICI BBIACIATD 110 YUCILY
MUTPAHTOB (3UrOT) WM MOJYMHTPAHTOB (TaMeT) B TeHO(OHEC JaHHOH OTAEIBHOCTH; YKOJIOTO-
TFCHETHUYECKAE YPOBHHM OpraHM3alMM — II0 BEJIMYMHE pPa3IMYuil B ajalTHUBHOM YacTU €€
reHoponga. (2) HeompenejseHHocTh pa3mepa. Hayka akTUBHO HINET TPaHHULBI MEXIY
NONMYJAUMSAMM M DKOTUIIAMHM, HO KpaiHe pEIKO HaxoOuT uX. TecHeWlnas TIeHeTH4ecKas
MHTErpanusl BO3MOXHa Ha J000M (!) ypoBHE OpraHu3alMu: OT YPOBHS LIEHOIOMYJISIIUI
(MHOTOKpaTHO U yOeAMTENbHO IOKA3aHO, YTO CMEXHBIE CYXOJOJIbHbIE U OOJOTHBIE COCHSIKU —
3TO pa3Hble MOMYJSALUHU) 10 MEXBHIOBOIO YPOBHS (MHOTHE «XOpOIIHE» BHUIBI B THOPHUIHBIX
30HaxX 00pa3yroT, OECCIIOPHO, €ANHYIO MOMYJIALMI0). POBHO TO ke caMoe MOXHO cKa3aTb U PO
skoTun. CleqoBaTeNbHO, SKOTHUI M MONYJSALUS — 3TO HE BHYTPUBUJOBBIE apeajbHbIC
OTJEJILHOCTH, HO MPUHLUIBI OPraHU3allMd T'€HEeTHYECKH COBMECTUMBIX 0ocoOel. VX cMmexHble
TEPPUTOPUAIbHBIE COBOKYITHOCTM MOIYT O0Opa3OBbIBaThb €AMHYIO MONYJSALUI0 (aKTHUBHO
OOMEHMBATBCS TI€HaMM), HO OBITh pa3HbIMH SKOTHIAMHU (CYLIECTBEHHO M 3aKOHOMEPHO
pa3nuyaThes MO0 eHOTUNHYECKOMY cocTaBy). HaobopoT, 1Be pa3o0I1eHHBIX TEPPUTOPHAIbHBIX
COBOKYITHOCTH MOTYT OBITh pa3HbIMU MONYJIALMAMU (IIOYTH HE OOMEHMBATHCA TE€HAMH), HO
IPUHAJJIEKATh K OAHOMY 3KOTUIY (JJOCTOBEPHO HE OTJIMYATHCS MO alallTUBHBIM F€HOTUIINYECKU
00yCIIOBJICHHBIM CBOWCTBaM).

OOBIYHO  CcuMTaeTCsi, YTO TEHETUYECKOE B3aUMOJICHCTBUE MEXIYy  O0CO0sSMU
OCYILECTBIISICTCS. JIMLIb BHYTPHM BHJAa KAaK OCHOBHOW CHCTEMAaTHYECKOM KaTeropuu, uO0
OCHOBHBIM KpHUTEpUEM OMOJIOIMYECKOr0 BHUJA SIBISETCS €r0 HECKPELIMBAEMOCTb C JIPYIMMHU
BugamMu. OJHAKO CPENM JIECHBIX APEBECHBIX PACTEHUH TPYJHO HAWTH JJa)KE HECKOJIBKO TaKHUX
BugoB. JloOpas mosoBMHA BUAOB (ecinu HE 2/3) MMEIOT COBPEMEHHBIC THOPUIHBIC 30HBI
OcranbpHble MO0 MMEIM MX B HPOLLIOM (ceTyaras 3BOJIIOLUA), JIMOO MOryT MMETh UX B
Oyaymem (T.K. penpoAyKTUBHO COBMECTHUMBI). [ TaBHBIM yCIIOBHEM IMOSBICHUS MIEPCIEKTUBHBIX
HBOJIOIMOHHBIX HOBOOOpA30BaHMU SIBIIETCS PENpPOAYKTHBHAas HECOBMECTUMOCTh HOBOM
(GuIOreHeTHYeCKO BETBU C JPYrMMH TakKMMHU >kK€ BeTBSIMH. M3 3Toil HOBOW BETBM mpH
ONaronpusTHOM CTEYEHMH OOCTOSATENLCTB  pPa3BUBAETCS HOBas CHUCT€Ma  BETBJICHUS:
COBOKYITHOCTh CYHIECTBEHHO pa3HbIX, HO T'€HETUYECKH COBMECTHMBIX OTHesibHOCTEeH. Takas
CHUCTEMA BETBJICHUS M SIBJISETCS TJIaBHOW €IMHULIEN HBOJIIOLIMU KUBOM MaTepuu. Bo3MoXxHBI 1Ba
BapHaHTa pelieHus o0o3HaueHHOW mnpoOinembl. (1) Ilonb3ysch OCHOBHBIM KpUTEpHUEM BH/A,
O00BEIMHUTh BCE PENPOAYKTUBHO COBMECTHMBIE OTAEIbHOCTM B oauH BuA. (2) He
paccmaTpuBaTth 00JbIIE BUJ KaK OCHOBHYIO CUCTEMAaTHUYECKYI KaTe€rOpHi0, OCHOBHOW MPOIYKT
U OCHOBHYIO €IMHHLY M DBOJIOIMOHHOTO IpOILEcca, a CUYUTAaTh TaKOBBIMU COBOKYITHOCTb
FeHETUYECKH COBMECTUMBIX BUIOB. Ee BrosHe MOXHO ObLIO Obl 0003HAYUTH Kak poA. Mbl
BBICTYIIa€M 3a BTOPOM BapHaHT M IpPUIJIAIIAEM YYEHOE COOOILIECTBO MPUCOETUHMUTHCS K 3TOU
uzee.

THE LEVELS OF GENETIC DIVERSITY ORGANIZATION (CASE OF FOREST
WOODY PLANTS)
Goroshkevich S.N.
Institute of Monitoring of Climatic and Ecological Systems, Russian Academy of Sciences,
Siberian Branch, Russia; gorosh@imces.ru

When we say the genetic diversity we generally mean the intraspecific diversity. In our
opinion, in this case, it makes little sense to operate the taxonomic category that still does not
have any universally accepted definition. Therefore, we suggest defining the genetic diversity as
the diversity within the totality of reproductively compatible individuals, i. e. at that level where
the genetic differences do not exclude the genetic interaction.
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The classification of the variety within the species traditionally contains two key terms -
population and ecotype. Both terms have a lot of different definitions what indicates to their
indefiniteness. This indefiniteness includes two main elements. (1) Indefiniteness of essence.
There are many definitions of the population, which have very strong environmental component.
But the main objective of the ecotypes study is to identify the hereditary component in their
diversity. Consequently, the two terms describe a variety from different but equally important
points. It makes sense to distinguish population-genetic levels of the organization according to
the number of migrants (zygotes) or ‘“semi-migrants” (gametes) in the gene pool of the
singularity; ecological-genetic levels of the organization - according to the magnitude of the
differences in the adaptive part of its gene pool. (2) Indefiniteness of size. Science is actively
searching for the boundaries between populations or ecotypes, but rarely finds them. Close
genetic integration is possible at any (!) level of the organization: from the level of
cenopopulation (it is repeatedly and convincingly shown that the adjacent upland and swamp
pine forests are different populations) to the interspecific level (many "good" species in hybrid
zones form undoubtedly united population). Exactly the same can be said about the ecotype.
Consequently, the ecotype and the population - are not intraspecific areal singularities, but the
principles of organization of genetically compatible individuals. Their adjacent territorial
totalities can form common population (be actively exchanged genes) but be different ecotypes
(essentially and regularly differ in the genetic composition). On the contrary, the two separated
territorial totalities may be different populations (almost are not exchanged genes), but belong to
the same ecotype (not significantly different by genotypicaly determinated properties).

It is usually assumed that the genetic interaction between individuals occurs only within a
species as the main systematic category, because the main criterion for biological species is its
inability to interbreed with other species. However, it is hard to find even a few of such species
among the forest woody plants. More than half of the species (probably even 2/3) have a modern
hybrid zones. The rest either had them in the past (reticulate evolution) or can have them in the
future (as they are reproductively compatible). The main condition for the origin of perspective
evolutional new formations is a reproductive incompatibility of a new phylogenetic branch with
other similar branches. Under favorable coincidence, this new branch develops into a new
system of branching: a set of essentially different, but genetically compatible singularities. Such
system of branching is the main unit of biological evolution. There are two possible solutions of
this problem. (1) Unite all reproductively compatible singularities in one species using the basic
criterion of the species. (2) a basic systematic category, the main product and the main unit of the
evolutionary process should be considered not a species but the totality of genetically compatible
species. The last could well be named the genus. We stand for the second option and invite the
scientific community to join this idea.

COMATHUYECKHUE MYTAIIUU Y CHBUPCKHNX BUJIOB XBOMHBIX KAK
HCXOTHBIV MATEPHAJI JIJISI CEJEKIIMA JEKOPATUBHBIX KYJIBTUBAPOB
I'opomkeBuu C.H., ’Kyk E.A., BacuibeBa I'.B.

NHCTUTYT MOHUTOPHUHTA KITUMaTHYeCKHX U 3kosornyeckux cucreM CO PAH, Poccus;
gorosh@imces.ru

B aGconroTHOM OONBIIMHCTBE CIy4yaeB BCe MPU3HAKH, XapaKTepu3ylomue MophoreHes u
pPOCT, TOJIBEPXKEHbI MOCTENEHHOW (KJIMHAIbHON) M3MEHYMBOCTH B Ipeneiax KpOHBI JepeBa.
OpHako MHOTa, KpailHe peKko, BCTPEeYaloTCs pe3Kue, CKaukooOpa3Hble U3MEHEHUS IPU3HAKOB B
npenenax KpOHBI, KOTOpble KBaTU(UUUPYIOTCA KaK COMAaTUYECKHWE MyTaluu. Y XBOWHBIX
HauOOJBIINN UHTEPEC B 3TOM CBSA3U MPEICTABIISAIOT TaK Ha3blBaeMble ~“BeIbMHHBI METIHI (BM)
— (parMeHThl KpOHBI (JOKaJlbHbIE CHCTEMBbl BETBIICHHS) C AHOMaJbHBIM MOP(OreHE30M.
Knaccuueckas Touka 3peHus Ha BM, oTpakeHHass B yd4eOHHMKax MO JECHOW (UTOMATOJIOTHH,
COCTOHUT B TOM, YTO OHM UMEIOT MAaTOJIOIMYECKOe MPOUCXOXKIeHHE (TPHOHOE, MUKOIUIa3MEHHOE,
BUpyCcHOE). B To e Bpems, Hanuuo (axkThl CyliecTBoBaHWMsS BM NpuHIMNHUANBHO HHOM —
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IPEIIOJIOKUTEBHO MYTAMOHHOW — mpupoAsl. OT MaTOJOTMYECKUX OHM OTJIMYAIOTCS
HOPMaJIbHOU AKHU3HECTIOCOOHOCTBIO, BBICOKOM JIOJITOBEYHOCTHIO, CHOPATNYECKUM
pacrpoCTpaHEHUEM.

Hamu npoBeneH BCECTOpPOHHUI aHalIM3 POCTa U T'€HEPATUBHOIO PA3BUTHS HECKOJIBKUX
necaTkoB BM y cuOupckux M AambHEBOCTOYHBIX BHJIOB XBOWHBIX, a TAK)KE UX BEr€TaTHBHOTO U
CEMEHHOI'0 IIOTOMCTBA B CPaBHEHHUH IMOTOMCTBOM HOPMAaJIbHOM YAaCTH KPOHBI T€X K€ JEPEBHEB.
[Ipy pa3MHOKEHUH TPUBUBKOW XapakTepHble ansi BM cBoiictBa (cmeuugpuyeckue pocr,
Mop(horeHes U MI0JOHOIICHKE) MOJIHOCTHIO0 coxpaHsuinck. Bce BM no Mmopdonorun yKiaoHSIuch
OT HOPMBI B OJHY CTOpPOHY, HO B pa3HOH creneHu. CliegoBaTeNbHO, TJIABHBIM (aKTOPOM
pa3zHooOpa3usi Obula MMEHHO BBIPAKEHHOCTb MYTAllMM, KOTOpas, MPENOJOKUTEIbHO HMela
CTYIEHYATHIN XapakTep: Moria ObITh c1aboi, cpenHelt u cunpbHOU. B cemeHHOM moTomcTBe BM
HaOJI0JAJIOCh pacIIeIUICHUEe CEsSHIIeB Ha 2 TUCKPETHBIX Kiacca: (1) HopManbHbIe pacTeHus, (2)
pacTeHus C 3aMEJUIEHHBIM POCTOM M MHTEHCUBHBIM BeTBJIeHUEM. COOTHOIIEHUE TE€X U IPYTUX —
1:1. IIpu sTOM HOpManbHAas MOJOBMHA MMOTOMCTBA BM HMYeM He OTIMYalIOCh OT MOTOMCTBA
HOpPMAaJIbHON KPOHBI TOTO K€ JIEpeBa. DTO HEONIPOBEPKUMO JI0Ka3bIBaeT, 4To BM mpencraBisior
co00i1 TOMMHAHTHYIO coMaTHYecKyto Mytaiuto. OTnensHsie BM odeHb pa3HooOpa3Hbl BO BCEX
OTHOUICHUSIX, YTO OTKPBIBAET IIMPOKUE BO3MOXKHOCTU AJs cenekuuu. Hekoropeie kionst BM
KeIpa CHUOMPCKOrO OTJIMYAIOTCS I[IEHHBIMH CBONCTBaMH: BBICOKOM KH3HECTIOCOOHOCTHIO,
3aMEeJJIEHHBIM POCTOM, CKOPOIUIOJHOCTbIO, OOWJIBHBIM IUIOJOHOIIEHHEM U HOPMaJIbHbIM
KauecTBOM mmmiiek. J{nsg npanpHeWmnx HaOMIOACHUN 3all0K€Hbl KIOHOBBIA apXuB U
UCIBITAaTENbHbIE KYJIbTYPhl, B KOTOPBIX Ceuac UCIBIThIBAIOTCS JecsiTku BM.

[lonyyeHHble pe3ysibTaTbl OTKPBHIBAIOT JIOBOJIBHO IIMPOKHE MEPCHEKTHUBBI IS
ucnoip3oBaHuss BM B CeNEeKIMOHHBIX @porpaMMax TI€HETHMUYECKOIro YIy4ylIeHHUsl Kenapa
CHOMPCKOTO Kak OpEeXOIUIOAHOW mopojsl. [lepBoe mMokoIeHHE COPTOB-KIOHOB MOXET OBITh
aTTECTOBAHO YK€ Uepe3 HECKOJIBKO JieT Ha OCHOBE 15-20-1eTHUX HaOIIOICHHN 32 IMEIOLMHUCS
B HacTosllee BpeMs MpuBuBKamu. JlanmpHelnyto pa®oTy mpeanosiaraercs MOCTPOUTH II0
NPUHIUITY MaKCUMAaJIbHO BO3MOYKHOTO PACHIMPEHHS] TEHOTUIIHYECKOTO MOJMMOppU3Ma 3a CUET
KOHTPOJIMPYEMBIX CKpPELIMBAHUN M MOCIEAYIOIIEro OTOOpa BBIJAIOIIMXCS T€HOTHIIOB Kak
KaHJIUAATOB B COPTa-KJIOHBI. J{J1s1 3TOM 11enH, B YaCTHOCTH, MpejylaraeTcs IUPOKO UCIIOIb30BaTh
KOHTPOJIUPYEMbIE€ CKPEIIMBAaHUS BEreTaTUBHOTO MOTOMCTBAa BM ¢ HOpMajibHBIMH KIIOHaMHU,
OTJIMYAIOIIUMHUCS Pa3HOOOPa3HBIMU IMOJIE3HBIMU IIPU3HAKaMU: OOUIIBHOE MYKCKoe 'IBeTeHue'",
CKOPOIIJIOJHOCTh, OOMIIBHOE IUIO/IOHOIIEHHE, BBICOKOE KayecTBO IIMIIEK U ceMsH. VcnblTaHue
CEMEHHOI0 MOTOMCTBAa OT TaKUX CKpEIIMBAaHUN TIO3BOJUT 3HAUUTENBHO PACHIMPUTH
TeHETUYECKUH TOJIMMOP(U3M  CEJNIEKIMOHHOTO MaTepualla M O00eCHedYHuT 3HAUYUTENIbHOE
yIydllleHHEe COPTOB-KJIOHOB B OyaymeMm. CyTh mpejuiaraeMoil CXeMbl — I0CJIE€OBATEIbHOE
yepeloBaHUE CKpeluBaHus H 0TOopa B ceMbsix. Kaxnmeiii u3 3anumaer 15-20 netr u
3aKaHYMBAETCS BBIBEJICHUEM COPTOB-KJIOHOB KadeCTBEHHO HOBOro YpoBHs. CemMeHHoe
notoMcTB0 BM mpenmnonaraercs MCNoONb30BaTh TAKKE KAK OCHOBY JIJISl BBIBEJECHUS MOABOMHBIX
COPTOB-TIONYJISIIIUNA U COPTOB-TUHUM.

SOMATIC MUTATIONS IN SIBERIAN CONIFER SPECIES AS SOURCE FOR
DECORATIVE CULTIVARS BREEDING
Goroshkevich S.N., Zhuk E.A., Vasilyeva G.V.
Institute of monitoring of climatic and ecological systems, Siberian Branch of Russian Academy
of Sciences, Russia; gorosh@imces.ru

In the most cases all traits that characterize growth and morphogenesis are affected by
gradual (clinal) variation inside tree crown. However, the sharp, saltatory changes are observed
inside the tree crown occasionally and very rarely, they are defined as somatic mutations. In
conifers the so-called "witches' broom" (WB), the fragment of tree crown (local branching
system) having abnormal morphogenesis are the objects of greatest interest in this connection.
The classical view concerning WB, reflected in forest plant pathology, is the pathological origin
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of WB (fungal, mycoplasma, viral). At the same time, there is evidence of the existence of
fundamentally different, probably mutational WB. They differentiated from pathological WB by
normal viability, great longevity and sporadic distribution.

We analyzed comprehensively the growth and generative development in several dozens
WB in the Siberian and Far Eastern conifer species and their vegetative and seed progeny
compared with progeny from the normal part of the same trees crown. After the grafting the
vegetative progeny retained all the WB-specific traits (specific growth, morphogenesis and cone
bearing). The morphology of all WB shifted relatively to the norm in the one direction, but in
varying degrees. Consequently, the main variation factor was the expression of mutation that
presumably had step character and could be weak, medium and strong. The seed progeny of WB
Is segregated into 2 discrete classes: (1) normal plants, (2) plants with slow growth and abundant
branching. Their ratio was 1:1. The normal half of WB progeny had no differences from the
progeny of the same tree normal part of crown. This conclusively proves that the WB are
dominant somatic mutation. Individual WB are very diverse in all traits that opens up the
opportunities for breeding. Some Siberian stone pine WB clones have valuable features: high
viability, slow growth, early and abundant cone bearing with normal quality of cones. For further
observations we established clone archive and test cultures which contain dozens of WB.

The results reveal a broad perspective for using of the WB in breeding programs
concerning the genetic improvement of Siberian stone pine as seed crop species. The first
generation of clone varieties can be certified within a few years on the basis of 15-20-year
observations of currently available grafts. The further work is supposed to built on the principle
of maximum possible amplification of genotypic polymorphism by the way of controlled crosses
and the subsequent selection of outstanding genotypes as candidates in clone varieties. For this
purpose, in particular, we propose to use the controlled crossing of WB vegetative progeny with
normal clones that have different useful features: abundant male flowering, early or abundant
cone bearing, high quality of cones and seeds. Testing of seed progeny from these crosses would
significantly extend the genetic polymorphism of breeding material and provide a significant
improvement in clone varieties in the future. The point of the proposed scheme is succession of
crossing and selection within the families. Each stage takes 15-20 years and finishes in breeding
of clone varieties of a qualitatively new level. WB seed progeny is supposed to use as a basis for
breeding rootstock population varieties and of line varieties.

JIECHBIE CTAIIUOHAPHBIE OB BEKTbI XBOMHBIX HACA)KIIEHI/Iﬁ C
VJIYUIIEHHBIMUA TEHETUYECKUMUM CBOMCTBAMM B XABAPOBCKOM KPAE
I'pex B.C., HeuaeB A.A., Mopun B.A.

JlanpHEBOCTOUHBINM HAYYHO-UCCIIEI0BATEIBCKUM HHCTUTYT JIECHOTO X0351CcTBa, Poccus;
dvniilh@gmail.com

Jlecuble crtanuoHapHble 00bekThl (JICO) — otnenbHble OOBEKTHI M YYaCTKU JIECHBIX
3eMenb, MpeJHa3HaueHHbIE ISl TOCTOSHHOIO HaOJMIOAEHUS 3a pPAa3IUYHbBIMM BHIAMH U
pEeXKMMaMHU HCIIOJIb30BAHUS JIECOB, MMEIOIIMX Hay4YHOE, MPAaKTHMYECKOEe WM I03HaBaTelIbHOE
3HayeHne. K JICO oTHocATCS: OTAEIbHBbIE BBIAAIONINECS PACTEHHs, MPOOHBbIE IUIOUIATU H
YUETHBbIE IUIOIIAJKA PpA3IUYHOrO Ha3HAYEHUS, YHUKAJbHbIE YYacCTKH HCKYCCTBEHHBIX U
€CTECTBEHHbIX HACaKJCHWI, NPHUBUBOYHBIC IUIAHTAllMM W KOJUIEKIIMOHHBIE TIOCAJKH,
MIOCTOSIHHBIE  JIECOCEMEHHbIE YYaCTKH, JKOJIOTHUYECKHME TPOMbl M NpOoUIH, THIIOBHIE
BOJIOCOOpHBIE OacceiHbl, JeCHble NaMSATHUKM HPUPOABI, STAJIOHHbIE W MOJEIbHBIE Jieca,
NOJJIeKal[e MOHMTOPUHTY  JIECHBIE MacCUBBbl  (PEMKTOBbIE, MaJlOHAPYIIEHHBIE U
crapoBo3pactHble Jieca). JICO MoryTt pa3nuyarbCsATakke MO MECTY IOJIOKEHUs, Pa3MEPHOCTH,
CTPYKTYpE, COCTaBY, (YHKIIMOHATBHOMY Ha3HAYECHHUIO.

BriepBrle cranmoHapHbie 00beKTHI B Jiecax Poccun mosiBuiMch B nepBoit monoBuHe 18-ro
BEKa KaK pe3yJIbTaT OpraHU3ally JIECHOTO Jeja B cooTBeTcTBUM ¢ yka3amu Ilerpa | (JlecHbie
namiaTHUKH, 1986). Cucremarndyeckue HayuHble HabmoaeHus 3a JICO na Teppuropuun Poccun
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CTaM MPOBOAUTHCS ¢ cepeaunbl 19-ro Beka (Peawpko, 2002). M3yuenne necoB tora [JanbHero
Bocroka ¢ wHCMOIB30BaHMEM CTAIlMOHAPHBIX OOBEKTOB HauyumHAIOCh Ha pydexe 19-20-ro
cronetuil (Janunun, 2014). Beero no pasHsiM HayyHbIM IporpamMMam Ha JlaneHeM BocToke k
Havyary 2-ro Teicsyenetus Obuth 3anmoxkeHbl coTHU JICO u Gonee 150 medcTBYIOMMX JIECHBIX
craqnonapoB (Mockamiok, 2014). Tloutu mnOJOBMHA U3 HHUX COCpPEJOTOYEHA B Jiecax
Xabaposckoro kpas (I'pek, Illemorae, 2014). Otnenpubie JICO (KarereHckmii keapad u
JIpyrue) mo (QyHKIMOHATHPHOMY HA3HAYCHHWIO OTHOCATCS K TEHETHYECKUM JIECHBIM pe3epBaTaM
(I'pex, HeuaeB, Mopun, 2012). Haubonee BoctpeboBanHbie JICO XBOWHBIX HACKICHUU C
YIY4IIEHHBIMA TCeHETHYECKUMHU CBOMCTBAMH COCPEIOTOYEHBI B XEXIUPCKOM JICCHHYECTBE B
HENOCPEACTBEHHON ONM30CTH OT KpaeBoro IeHTpa r. XabapoBcka (Marepuaiibl Mo0JIeBOM
aKcKypeuu, 2014).

HaubGonpiiee HaydHoe W MNpPAaKTUYECKOE 3HAYEHHE MMEIOT CIEAYIOIIHUEe OOBEeKTHI
XeX1mupcKoro JecHndecTBa: 1) JecoceMeHHas IuiaHTamus Keapa kopeiickoro (Pinus koraiensis),
roasl co3ganus 1989-1991, miomane 6,8 ra, 1eneBoe Ha3HAYEHHUE — YCKOPEHHOE IMOJIy4YCHHE
CEeMSH KeJpa KOPEMCKOro ¢ yJIydlIEeHHbIMU I€HETHMYECKMMHU CBOMCTBaMHM; 2) reorpapuueckue
HACaXXJIEHUSI KEIPOBBIX COCEH, roja cosnanus 1977, miomanp 5,6 ra, 1eneBoe Ha3HAYCHHE —
U3y4CHUE POCTa U Pa3BUTHs KeJpa Kopenckoro u kexpa cubupckoro (Pinus sibirica) ¢ uenbro
UHTPOAYKIMHK; 3) reorpaduueckue HacaKaeHHss COCHbI oObikHOBeHHOH (Pinus sylvestris), roa
co3panus 1952, momane 7,5 ra, 1eneBoe Ha3HAYEHHE — M3YyYEHUE POCTAa U Pa3BUTHSI COCHbI
OOBIKHOBEHHOM C 11€JIbI0 UHTPOIYKIINH; 4) CMEIIaHHbIE HACAKICHUS KeIpa KOPEHCKOro U opexa
MaHpwKypckoro (Juglans mandshurica), rox co3manus 1962, mnomanps 2,7 ra, IeJIeBOC
Ha3Ha4YeHHE — YCKOPEHHOE BBIPAIMBAHUE JIPEBECHHBI M MOIYyYEHUE CEMSH LIEHHBIX MOPOI; 5)
€CTECTBEHHOE BO300HOBJIEHHE KEIpa KOPEMCKOro M APYTrUX LEHHBIX MOpPOJ IMOJ IOJOrOM
UCKYCCTBEHHBIX HACa)KICHUN JUCTBeHHMIBI gaypckoi (Larix dahurica = L. gmelinii), rox
3aknanku 1961, mnomane 2,2 ra, 1ejieBoe Ha3HAYEHUE — YCKOPEHHOE BBIPAILMBAHUE JIPEBECUHBI
JUCTBEHHHIIBI U MHTEHCUBHOE ()OPMUPOBAHHME BTOPOTO sIpyca U3 MOAPOCTa Kelpa KOPeHcKoro,
siceHst ManbwKypckoro (Fraxinus mandshurica), nyoa monrosasckoro (Quercus mongolica).

Haspannbie Bbilie 00bekThl B 2011-2014 romax Obum oOcienoBaHbl B HAType,
MOJIBEPINIUCH TOJIEBOM HMHBEHTApU3allMU C Tocieayrouleil macnoprtuzauued. OHU SBISIFOTCS
yacTteio 0a3pl gaHHbIX cetd JICO [lanbHero BocToka B KauecTBE XBOWHBIX HACAKICHHHU C
YIYYIIEHHBIMA TCHETUYECKUMHU CBOMCTBAMH.

FOREST STATIONARY OBJECTS OF CONIFER PLANTATIONS WITH IMPROVED
GENETIC PROPERTIES IN THE KHABAROVSK TERRITORY
Grek V.S., Nechaev A.A., Morin V.A.
Far East Forestry Research Institute, Russia; dvniilh@gmail.com

Forest stationary objects (FSO) are separate entities and areas of forest land, intended for
continuous monitoring of different types and modes of forest, use of scientific, practical or
educational significance. To FSO include: outstanding individual plants, plots and accounting
platforms for various purposes, unique areas of natural and artificial plantations, grafting
plantations and collection of landing, permanent forest seed plots, ecological paths and profiles,
typical catchment areas, forest nature monuments, the reference and the model forest to be
monitored forests (relict, old-growth and old-growth forests). FSO can also vary by position,
dimension, structure, composition, functional purpose.

First forest stationary objects in the forests of Russia appeared in the first half of the 18th
century as a result of the organization of forestry in accordance with the decrees of Peter 1
(Forest monuments, 1986). Systematic scientific monitoring of FSO on the territory of Russia
has been held since the mid 19th century (Redko, 2002). The study of forests of the southern Far
East using stationary objects FSO began at the turn of the 19th-20th centuries (Danilin, 2014).
Just for various research programs in the Far East to the beginning of the 2nd Millennium were
laid hundreds of FSO and over 150 current forest stationary objects (Moskaliuk, 2014). Almost
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half of them are concentrated in the forests of the Khabarovsk territory (Grek, Chelogaev, 2014).
Individual FSO (Kategensky stone pine and other) functionality can relate to forest genetic
reserves (Grek, Nechaev, Morin, 2012). The most popular FSO conifer plantations with
improved genetic properties are concentrated in Khekhtsyr forestry in the vicinity of the regional
center of Khabarovsk (Materials of field trip, 2014).

The greatest scientific and practical value are the following objects Khekhtsyr forestry: 1)
seed plantation of Korean pine (Pinus koraiensis), years of creating 1989-1991, an area of 6.8
hectares, purpose - rapid acquisition of Korean pine seeds with improved genetic characteristics;
2) geographic plantations of Korean pine and Siberian pine, year of foundation 1977 area of 5.6
hectares, the purpose was to study the growth and development of Korean pine and Siberian pine
(Pinus sibirica) for the purpose of introduction; 3) geographical plantations of Scots pine (Pinus
sylvestris), year of establishment 1952, an area of 7.5 hectares, the purpose was to study the
growth and development of Scots pine with the purpose of introduction; 4) mixed stands of
Korean pine and Manchurian walnut (Juglans mandshurica), year of establishment 1962, an area
of 2.7 hectares, purpose - the intensive production of wood and obtaining seeds of valuable
species; 5) natural regeneration of Korean pine and other valuable species under the canopy of
artificial plantations of larch (Larix dahurica = L. gmelinii), bookmarks year 1961, an area of 2.2
hectares, purpose - accelerated cultivation of larch wood and the intensive formation of the
second tier from the undergrowth Korean pine, Manchurian ash (Fraxinus mandshurica),
Mongolian oak (Quercus mongolica).

The above objects in 2011-2014 were examined in kind, were subjected to field inventory
with subsequent certification. They are part of the network database FSO of Far East as conifer
plantations with improved genetic properties.

K COXPAHEHHUIO U KOMIVIEKCHOMY UCIIOJIb30OBAHUIO KE/IPOBO-
N POKOJUCTBEHHBIX JIECOB IIPUMOPCKOI'O KPASA
I'ykos I'.B., Kocteipuna T.B., Pozromuii H.I'., JIn M.H.
[TprMopcKast rocyIapCTBEHHAs CENIbCKOX03sICTBeHHAs akaaemusi, Poccust; gukovgv@mail.ru

Kenp xopeiickuit (cocHa kopeiickas Pinus koraiensis Sieboldet Zucc.) — crpoiinoe
BBICOKOE JIepeBO 10 35 M BbIcOoThl. OH fBISETCS OPEBHEW MOPOJOM M OTHOCHUTCS K KaTeropuu
IPOTPECCUPYIOIIUX PENUKTOB. IIpencTaBUTEny 3TOH TIpPYyNIbl XOPOIIO MPHUCIOCOOUINCH K
YCIIOBUSIM OKpY’KalOLEH Cpenibl, *KU3HECTOWKH, MPEKPACHO BO30OHOBIISIIOTCS €CTECTBEHHBIM
IIyTEM M XOpOLIO pacTyT B JIECHBIX KyJlbTypaX. ECTECTBEHHO Keap KOpEHCKMH pacTeT B
[Tpumopckom u XabapoBCKOM KpasiX, U B IOr0-BOCTOUHOM yacTu AMypckoit o0nactu. Kenpobie
jJeca MpPEJCTABISAIOT HaWOOJBINYIO IIEHHOCTh U3-32 3HAYMTEIbHBIX 3allacoB LIEHHEWIIeH
JPEBECHHBI, SIBISISICH KOPMOBOM 0a30i MU MeCTOM OOUTaHUS Pa3HOOOpA3HbIX BHUJIOB 3BEped U
OTHILI, JIEKAPCTBEHHBIX, IJIOJJOBO-SITOJIHBIX M OPEXOIUIOAHBIX pacTeHuit u rpudoB. Kemposo-
IIMPOKOJINCTBEHHBIE Jieca JUIMTEIBbHOE BpeMsl OBbLIM OCHOBHBIM OOBEKTOM JIECO3arOTOBOK.
Breibopounbsle pyOkM Keapa TpUBENIM K €ro MCYE3HOBEHHI0 BO MHOTMX KOPEHHBIX
MECTOOOUTaHUSAX, PACCTPOMCTBY M oOeclieHnBaHUIO HacaxaeHui. Toabko B [Ipumopckom kpae
oOmras miomank keApoBHUKOB ¢ 1929 mo 1993 roasl cokparunack ¢ 4,2 MiH. Ta 10 2,2 MIIH. Ta,
T.€. TIOYTH HANoOJOBHHY. B 1ensx coxpaHeHus Haubosiee LEeHHBIX JecoB IIpuMopckoro kpas B
HOCJEeTHUE JIECATUIeTUs ObUT NMPHUHAT psj pemieHnd U moctaHoBieHuil. C 1990 r. B kpae
MPEeKpaLIEeHbl OKOHYATEIbHO PYOKH INIaBHOTO MOJIb30BaHUS B KEJPOBBIX JiecaXx U PyOKH Kejapa B
NOpSIIKE TJIABHOTO IOJIB30BAHMSI B OCTajJbHBIX Jecax. OnHaKko, BCTyNMBIIMNA B cuily JlecHoit
kozgekc 2006 r. 3anpeTus1 pyOKH TOJBKO B CHENBIX U MEPECTOMHBIX KEAPOBBIX HACAKIACHUSIX (C
yuactueM keapa 0,3 u Oonee), HO paspeminsi ero pyOKy B Jpyrux JEecHbIX (opmarusax c
HeOosbIIoN fojeil ero ydactus. Kak M MHOrMe peiauKTOBBIE MOPOJIBI (BCE BHJBI ceMEHCTBa
ApanueBble W JIp.), KelIp KOpeHCKUH o00iajaeT LEHHBIMH JIEKApCTBEHHBIMH CBOWCTBaMH,
KOTOpBI€ OB M3BECTHBI MECTHBIM KHUTESIM €lIe B JaJIeKOH TPEBHOCTH. YeloBEeK OT MHOTUX
0osie3Hel HCIONB30Bal KOpPY, JPEBECHHY, XBOIO M BCE YAaCTH WIMIIEK Keapa KOpPEeWCKOro —

46


mailto:gukovgv@mail.ru

HIenyxy, CKOpJIyNy, IUICHKY W sapa opemkoB. Hambonee IEHHBIMU NHUTATEIBHBIMU U
pa3IMYHBIMU JIEYEOHBIMHU CBOMCTBaMH 00JIa/Ial0T AAPAa OPElIKOB, MacCca KOTOPBIX COCTABIISIET
43% ot Macchl CyxoW MMIIKK. B sapax KeApOBBIX OPEIIKOB COJEpKarcsl OENKH, >KUPBI,
YIJIeBOMbI, Kpaxmall, MUKpO- W MakKpodJIeMeHThl (IMHK, Kanui, Qocdop, marHui, xemneso,
KaJIbLIWM, WO, XJI0p, cepa, HATPpHil, Mellb, KOOAJIbT), Pa3IMYHbIC BUTAMUHBI.

CoBpeMeHHbIE BCECTOPOHHHME HAay4YHbIE MCCIIEIOBAHUS KEAPOBO-IIMPOKOJINCTBEHHBIX
necoB JlaneHero BocTtoka 1ai0T BECKME OCHOBAHUS CUMTATh MX MPUKU3HEHHOE UCIOJIb30BAHUE
€IMHCTBEHHOW aJIbTepHATUBOW aalibHeWmero pa3Butus I[Ipumopckoro kpas. Paspabortannas
TEXHOJIOTHSI U3BJICUCHHUS SIEp OPEIIKOB W WX BaKyyMHas YIaKOBKa JIa€T BO3MOXKHOCTH
MMIIOPTUPOBATH B Pa3JIMYHbIE CTPAHbI HE IPEBECUHY U PA3JIMYHbIE Japbl IPUPOJIBI, & TOTOBBIN K
ymoTpeOJICHUI0 TOBap, IIEHa KOTOpPOro Ha 1-2 mopsiika BHIMIE CYIIECTBYIOIIMX pPACIEHOK Ha
Pa3IMYHYIO JIECHYIO MPOAYKIIUIO.

JJis oCyIIeCTBICHUS ATON TPOTpaMMBbI HEOOXOTUMO:

1. IlpaBurenscTtBY Poccum, COOTBETCTBYIOIIMM MHUHUCTEPCTBAM M BEAOMCTBaM NPHUHSATh
pelIeHre O MOJIHOM 3aIpeTe pyOOK JepeBbEeB Keapa Kopeiickoro B jgecax [Ipumopckoro kpas;

2. Bcem necoxossiiicTBeHHBIM IpeanpustusaM [Ipumopckoro kpas, B jecHOM (OHIIE KOTOPBIX
UMEIOTCSI KEAPOBO-IIMPOKOIUCTBEHHBIE JIECa, PACIIUPUTH PAOOTHI IO CO3AHUIO TOIITOJIOTOBBIX
JIECHBIX KYJIbTYp U3 KeApa KOPEHCKOro;

3. BBecTu 3amper Ha 3aKyIKy M BbIBO3 B COCEIHUE CTpaHbl CEMSIH (OPEXOB) Kepa KOPEHCKOro.
Hanpumep, B ypokaiiuslii ans keapa kopeiickoro 2014 rox rpaxnanamu Kutas 6110 coOpaHo,
3aKyIUICHO M BbIBe3€HO M3 [IpuMoOpckoro kpasi JAECSITKA U COTHH TOHH OPEXOB, CO3/IaB TEM
cambIM OoJblINE HEYAOOCTBa AJISl KUBOTHBIX U MTHUI], OOUTAIOUINX B 3TUX JiecaxX, a TakxKe AJs
paboOThl YaCTHBIX MPEANPHUATHH, 3aHUMAIOIIMXCS IEepepabOTKONM U peanu3alnuei KeapoBou
MPOYKLIHH.

TO THE CONSERVATION AND INTEGRATED USE OF THE MIXED STONE PINE-
BROADLEAF FORESTS IN THE PRIMORYE REGION
Gukov G.V., Kostyrina T.V., Rozlomy N.G., Lee M.I.
Primorskaya state agricultural Academy, Russia; gukovgv@mail.ru

Korean pine (Korean pine (Pinus koraiensis Sieboldet Zucc.) is a tall tree up to 35 m in
height. It is an ancient breed and it belongs to the category of progressive relicts. Representatives
of this group are well adapted to the environment, vitality, perfectly renewed naturally and grow
well in forest plantations. Naturally Korean stone pine grows in the Primorsky and Khabarovsk
territories, and in the south-eastern part of the Amur region. Pine forests are the most valuable
because of the considerable reserves of valuable wood, as food source and habitat for various
species of animals and birds, medicinal, fruit and nut plants and fungi. Stone pine-broadleaf
forests for a long time been the main object of logging. Selective logging of stone pine led to its
disappearance in many indigenous habitats, frustration and depreciation of plantations. Only in
Primorsky Krai total area of stone pine from 1929 to 1993 declined from 4.2 million ha to 2.2
million ha. In order to preserve the most valuable forests of Primoryein the last decade adopted a
number of decisions and orders. Since 1990 in the province closed permanently felling in pine
forests and pine logging in procedure main use in other forests. However, the Forest Law of
2006 has banned felling only in mature and over-mature pine stands (with the participation of the
stone pine of 0.3 or more), but allowed his wheelhouse in other forest formations with a small
proportion of its participation. Like many relict species (all species of the family Araliaceae
family, etc.), Korean pine has valuable medicinal properties that have been known to the locals
in the ancient times. People from many diseases used bark, wood, pine needles and cones of all
parts of the Korean pine - shells, husks, film and kernel nuts. The most valuable nutritional and
medicinal properties have different kernel nuts, whose mass is 43% of the dry weight of the
buds. In the nucleus, pine nuts contains proteins, fats, carbohydrates, starch, micro- and
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macroelements (zinc, potassium, phosphorus, magnesium, iron, calcium, iodine, chlorine, sulfur,
sodium, copper, cobalt) and various vitamins.

Modern all-round researches stone pine-broadleaf forests of the Far East give good
reason to believe their lifetime use only alternative further development of the Primorsky Kray.
The developed technology for extracting cores nuts and vacuum packaging makes it possible to
import in different countries are not wood and various gifts of nature, and ready-to-eat product,
price is on 1-2 times higher than existing rates for different forest products.

For the implementation of this programme it is needed:

1. The Government of Russia, the relevant ministries and agencies have to impose a total ban on
tree harvest in the Korean pine forests of Primorsky Krai.

2. All the forestry enterprises of Primorsky Krai, in the forests which are stone pine-broadleaf
forests, to expand work on creating new forest cultures of Korean pine.

3. To inject a ban on the purchase and export to neighboring countries seeds (huts) Korean pine.
For example, in yielding to Korean pine 2014 Chinese citizens were collected, purchased and
taken out of the Primorsky Krai tens and hundreds of tons of nuts, thereby creating a great
inconvenience for the animals and birds that live in these forests, as well as for private
enterprises engaged in processing and implementation of stone pine products.

’KU3HEHHOE COCTOSIHUE U POCT B BBICOTY COCHbBI CKPYUYEHHOI B
IKCIHHEPUMEHTAJIBHBIX KYJIBTYPAX PECITYBJIMKN KOMUA
I'yrnii JI.H.

ChIKTBIBKAPCKHIA JIECHOM UHCTUTYT, Poccust; Igutiy@mail.ru

[lepBbie MOMBITKU UHTPOAYKIIMHU COCHBI CKpyYeHHOI B EBpomy ObLITH MpEANpPUHSTHI ellie
B 19 Beke (po3nos, 2002). HeoqnokpaTHO 0oTMEHaach MEPCIEKTUBHOCTD €€ BHIPAIIIMBAHUS U B
TaéKHOUN 30He Hamiel crpanbl (MenexoB, 1980 u ap.). McxoaHbIM MaTepuaaoM Il CEJICKIIUN
COCHbl CcKpydeHHOW B IlIBenuum nOCHYXWIM IUIFOCOBBIE JI€PEBBS, OTOOpPAHHBIE 110
denoTunuyeckum npusHakaMm B Kanane. CeMEHHBIMHM MOTOMCTBAMHU 3THUX IIIOCOBBIX JIEPEBHEB
o reorpaguueckoMy MNpPUHIUNY ObLIM 3a1oxeHbl 6 necoceMeHHbIX muaHTauui (JICII), mo
OJTHOM TS Kaxk0#t JecoceMenHoi 30ubI (Ericsson, 1994).

Becnoit 2004 r. B Pecnyonuke Komu Oblna 3ajiokeHa cepHsi SKCIIEPUMEHTAIbHBIX
KYJIBTYp COCHBI CKPYYEHHOH, A 4ero ObUIM HCHOJb30BAHBI CEMEHA, MOJIydYeHHbIE Ha 6-TH
IIBE/ICKMX JIECOCEMEHHBIX IUIAHTAIMSIX COCHBI CKPYYEHHON M B KauecTBE KOHTPOJII CeMeHa
COCHBI OOBIKHOBEHHOM MECTHOTO MpPOUCXOXKIEHUs (1 Kaxkzaoro ywactka). Jns mocaaku
UCIIOJIb30BAIM  1-JIETHUE CEsHIIbI, BBIPAIllEHHbIE B MOJMUATWICHOBOM Temuue. CesHIb
BBICA)KMBAJINCh B JIMHEHHBIE (PSIOBbIC) JIENSIHKH, PAcloJIOKEHHbIE PEHJOMU3UPOBAHHO B 9-13
OJ10Kax.

HccnenoBanue dKCIIEpUMEHTANIBHBIX KYJIbTYp ITpoBeeHo oceHbto 2014 1. CoxpaHHOCTH
paccurTaHa Kak J0Jisl BBDKUBIIMX pacTeHU. BricoTa n3Mepsiach y BceX BBDKHUBIIMX PAaCTEHUH.
CratucTuyeckuil aHajau3 BBINOJIHEH HAa OCHOBE JENISHOYHBIX CPEAHMX 3HAYEHWM >KU3HEHHOTO
COCTOSTHUSI U BBICOTHI, SIBJISIOLIMXCSI HE3aBUCUMBIMU MOBTOPHOCTAMHU. Pacripenenenue cpeaHux
JIeNITHOYHBIX 3HaYeHUH OJIM3K0 K HOPMAJIbHOMY paclpe/ieeHuIo.

COXpaHHOCTh pPACTEHMI B OSKCIEPUMEHTAIBHBIX KylabTypax |l-nmeTHero Bo3pacta
cocraBuna 77, 74 u 65% B Yxte, CtopoxeBcke u Koiiroponake, coorBerctBeHHO. Ha camom
I0’)KHOM y4YacTKe 3KCIepUMEeHTaNIbHBIX KylIbTyp (Koliropomok), 3a05KeHHBIX Ha CyXOH, XOPOIIIO
porpeBaeMoil mecyaHoW IOYBE, KOPHEBBIE CHCTEMBl y YAaCTH PAacTEHHH ObUIM TOBPEXKIEHBI
auyrHKaMu  Maiickoro xpyma (Melolontha hippocastani). Taxke 3mech ObUTH OTMEUYEHBI
MOBPEXJCHHUS 1M00eroB moberoBsroHOM-cMosiéBukoM (Petrova resinella), uro mnpuseno
CHI)KEHMIO COXPAHHOCTH 10 CPaBHEHMIO C APYTUMU JBYMsI ydacTkamMu. PacnonokeHue ydacTtka,
INPOMCXOXKAECHUE MaTepuana W B3aUMOJCHCTBHE 3THUX (PAKTOPOB CTATUCTUYECKH 3HAYMMO
(p<0.001) BnMsaM Ha >KU3HEHHOE COCTOSHHE M BBICOTY pacTeHHi. B 1emom, Xu3HEHHOE
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COCTOSSHUE UM pOCT pAcCTEHMM B BBICOTY Jy4llle HAa YYacTKe, BBIILIEAINIEM M3-TI0J]
cenbxo3mnoiib3oBaHus (CTOPOKEBCK).

JXKu3HEHHOE COCTOSIHUE COCHBI CKPYUYEHHOM JBYX CEBEpHBIX NnpoucxoxaeHuil (Hapaunre
u Omnnana) HEMHOTO JIy4dllle KOHTPOJIS, a >KU3HEHHOE COCTOSIHHE OCTaJbHBIX MPOMCXOXKIIEHUIN
COCHBI CKPYYEHHON XYK€ KOHTPOJIbHOTO BapHaHTa, HO TH Pa3IN4Msl CTATUCTUUYECKU 3HAUUMBbI
(p<0.05) ToapKo I caMOro 10KHOTo mpoucxokacHus (Ocrepon).

CocHa ckpydeHHas ceBepHbIX IpoucxoxaeHuii (Hapiaunre, Omnmana u Ckopcepym)
OoOroHssia COCHy OOBIKHOBEHHYIO IO pocTy B BbicoTy Ha 11-17%, XxoTs 3TH paznuuus
CTaTHUCTUYECKU He3HauuMbl (p>0.05). BbicoTa COCHBI CKpYyYEHHOM HOKHBIX IMPOUCXOXKACHUN
(Pymxynt u OctepOu) Obl1a HUYKE KOHTPOJIS BCIIEICTBHE OOMEP3aHMs BEPXYIICYHBIX MOOETOB.
[Tonmy4yeHHbie pe3ynbTaThl O MPEBOCXOJCTBE COCHBI CKPYUYEHHOM HaJ COCHOM OOBIKHOBEHHOM IO
OBICTPOTE POCTAa COOTBETCTBYIOT IaHHBIM, UMEIOLIUMCS B JINTEPATYpE.

Takum o00pa3zoMm, JUIsI OKOHYATENBHBIX BBIBOJAOB HEOOXOAMMBI OoJiee JIUTEIbHBIC
HAOJIIOJIEHUSI 32 COXPAaHHOCTBbIO pacTeHuid, 0OBEMOM M KadecTBOM CTBOJA 3TOH JPEBECHOI
MOPO/IbI B 3KCIIEPUMEHTAIIbHBIX KYJIbTYpax.

LOGEPOLE PINE SURVIVAL AND GROWTH HEIGHT IN EXPERIMENTAL
PLANTATIONS IN THE KOMI REPUBLIC
Gutiy L.N.
Syktyvkar Forest Institute; Igutiy@mail.ru

The first time Logepole pine was introduced in Europe in 19th century (Drozdov, 2002).
Their growing prospect was noted in taiga of our country (Melekhov, 1980, and others.). The
basic material of Logepole pine were collected in Sweden from the plus trees which were
selected by phenotypic traits in Canada. Seed progeny of these plus trees were planted on the six
seed orchards by a geographical basis, one for each forest seed zone (Ericsson, 1994).

In spring 2004 in the Komi Republic a series of Logepole pine experimental plantations
was founded. Seeds were collected in six Swedish seed orchards of Logepole pine and as a
control seeds of Scots pine of local origin (for each site) were used. One-year-old seedlings were
grown in plastic greenhouse and planted in linear (ordinary) plots located in 9-13 randomized
blocks.

A study of experimental plantations were took place in autumn 2014. Survival was
calculated as a surviving plants percent. Growth height was measured in all surviving plants.
Statistical analysis was made on basis of average values of vitality and growth height. The
distribution of average logging site values is close to a normal distribution.

Plants survival in 11-years experimental plantations was 77, 74 and 65 % in Ukhta,
Storozhevsk and Koygorodok. In the southern stand of experimental plantation (Koygorodok),
with dry, well warmed up and sandy soil, root systems of the plants have been damaged by the
larvae of melolontha (Melolontha hippocastani). Also, there were shoots damaged by pine resin-
gall moth (Petrova resinella), and decreased survival in compared to other two stands. Stand
location, the origin of the material and the interaction of these factors is statistically significant
(p <0.001) influenced on vitality and growth height. In general, the vitality and the growth height
of plants better in Storozhevsk.

Survival of two Logepole pine northern origin (Narlinge and Oppala) better than control
pine, and survival of the other Logepole pine origins worse than control plants, but these
differences were statistically significant (p <0.05) only for the southern origin (Osterbi).

Logepole pine of northern origins (Narlinge, Oppala and Skorserum) is better than Scots
pine growth height on 11-17%, although these differences are not statistically significant (p>
0.05). Logepole pine growth height of southern origin (Rumhult and Osterbi) was lower than the
control due to terminal shoots frosting. The results of the superiority of Logepole pine over Scots
pine in growth height are corresponding to the data in the literature.
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Therefore, for the final conclusions we need long-term observation of plants survival,
stem quality and volume of this tree species in experimental plantations.

GENETIC IMPROVEMENT STRATEGIES FOR CONSERVATION OF POLYGENIC
TRAITS OF ECONOMIC IMPORTANCE IN EUCALYPTUS TERETICORNIS SM.
Dobhal S., Kumar A.
Division of Genetics and Tree Propagation Forest Research Institute, P.O. — I.P.E.
Kaulagarh, Dehradun, Uttarakhand India, 248 195

Key words: Provenance, breeding, Index value, genetic gain.

In India, Eucalyptus tereticornis Sm. is an important forest tree species used mainly as
raw material for pulp and paper industry and India ranks first in area covered under Eucalyptus
plantations. Unfortunately, its productivity has not been commensurating with productivity of
countries like Brazil. Though ample variability existed for growth and wood traits but it is
required to adopt genetic improvement strategies that could lead into the production of productive
and divergent genotypes. A provenance cum progeny trial representing 13 provenances and 91
families established in collaboration with CSIRO, Australia, at Forest Research Institute, India in
year 2002. A total of 2216 Plus trees were evaluated for growth parameters viz. height, clear bole
height (CBH) and diameter at breast height (DBH) and also analyzed for index value. The mean
values before selection for average height, CBH, DBH and index value were 8.87, 3.40, 0.22 and
42.80, which were improved after selection to 16.39, 10.16, 0.46 and 100, respectively. In terms
of per cent of improvement, substantial improvement for 84.83, 199.21, 107.93 and 133.65 was
recorded for height, CBH, DBH and Index value. The maximum improvement after selection was
recorded for CBH followed by index value, DBH and height. At total of forty seven plus trees
was screened adopting index method of selection from a provenance trail representing selection
intensity of 2.12 %. The studies were directed towards identification of Eucalyptus genotypes that
will be useful in operational and production forestry to accelerate tree breeding programme for
higher genetic gain.

MOIXO0/bI K CO3JJAHUIO METO/IA BBICTPOM OLIEHKH AJTAIITUBHBIX
PA3JIMUAI MOHOIIOJUAJBHBIX XBOMHBIX JIEPEBBEB B ECTECTBEHHBIX
HonyJgAanusax
[Aparasues B.A.
®I'BHY Arpodusudeckuii unctuTyT, Cankt-IlerepOypr; e.mail; dravial@mail.ru

XXI Bex MHorue OHMOJOTM Ha3bIBalOT BekoM smureHeTHkU. Eme B 1984 r. rpymmoit
ucclienoBaresneil b1 00HApYKeH HOBBIM SMUIN€HETHUECKU (PEHOMEH — CMEeHa CIEeKTpa U yuciia
IEHOB, JETEPMUHHUPYIOIIUX OJMH M TOT K€ KOJIMYECTBEHHBIM IpPU3HAK, IIPU CMEHE
auMHUTHpYolero ¢akropa BHemHedl cpensl ([paraBues, Llunbke u np., 1984; parasues,
JIutyn u np., 1984). K HacrosimeMmy BpeMEHM coO3[JaHa TEOPHUS HKOJIOIO-TE€HETUYECKOU
opranuzanuu konudectBeHHbIX Mpu3HakoB (TOT'OKII) u pa3ButThl 24 HOBBIX, CEIEKIMOHHO
BaXKHBIX cienctBus u3 Hee (paraBues, 1998; Kouepuna, [parasues, 2008; parasues, 2008;
Yecnokos, [louenns, bépuep u ap. 2008; Hparasues, 2012).

I'maBubie cnepctBus u3 TOI'OKII: BO3HMKIM TUIOTE3Bl O MEXaHM3Max MHOTHX
(eHOMEHOB M TOSBWIMCH IOAXOJbl K MPOTHO3MPOBAHHWIO MHOTHX MapaMeTpoB MOMYJSALUH,
KOTOpble paHee Ha 0a3e TPaaUIMOHHON TIE€HOLUEHTPHUUYECKOW MapagurMbl B TMPHUHIMIE
HEBO3MOXKHO OBLJIO MporHo3upoBarh. PaccmMoTpum mnpupoay ¢eHoMeHa «B3auUMOJEICTBHE
reHotun-cpeaa» (BI'C). TpaauumonHas (MeHIeneBcKas), OMOMETpUYecKas U MOJIEKYJspHas
BETBU T'€HETUKH B HACTOAIIEE BPEMs HE UMEIOT HM OJHOM TMIOTE3bl O MPHUPOJE U MEXAHU3MAX
BI'C. C nosumuit TOI'OKII mexannsm BI'C — 310 cMeHa cEKTpOB I'€HOB, AETEPMUHHUPYIOIIHNX
MpU3HAK, IpU CMEHE JTUM-(paKTopa BHEIIHEH Cpeibl.
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Paccmotpum 0011en3BECTHOE SIBIIEHUE U3MEHUYNBOCTH JIMHEWHBIX MPUPOCTOB TI0 TOJIaM Y
m000T0 XBOMHOTO JiepeBa. B mpenenax cTBoia mpuUpOCThl BApUPYIOT O JUIMHE OT TOAa K TOIY.
OnaHako U MEXIy ACPEeBBSIMU B JAUKON MOMYJSLMUHU MPUPOCTHI 32 OJUH M TOT K€ TOJ Takxke
BapbUPYIOT OY€Hb CUIIBbHO. OUYEBUIHO, YTO M3MEHYUBOCTH JJIMH MIPUPOCTOB B Mpeeaax CTBOJIA
OMpENIESeTC Pa3IuYUeM JIET — XOJIOAHBIM WJIM TEIUIbIM, BJIAXKHBIM WM CYXOM roa u T.1. A
pasyiMyKe B MPUPOCTAX MEXAY AEPEBbSIMU B OJMH U TOT ke roj, ¢ no3uuuit TOI'OKII, nomkao
OTIPEICIIATLCS HACICACTBEHHBIMU (haKTOpaMHU, HAIIPUMED, 110 3aCyXOYCTOMYUBOCTH B CyXOU T'O/I.

XBOWHBIE pACTEHUS HE HMEIOT HWHTEPKAISPHBIX (BCTABOYHBIX) MEPHUCTEM, TOITOMY
BEJIMYMHA KAXKIOT0 TOJUYHOTO MPHUPOCTA (B [UIMHY WIH B TOJIIUHY) (PUKCUpyeTCs HaBCceraa H
HE MEHSETCS 3a BCIO JOJTYIO XKHU3HB AepeBa. Torna, yreepxkaaetr TOI'OKII, ecinu ocodp nana B
XOJIOJHBIA TOJ JUIMHHBIA JIMHEWHBIA NPUPOCT, 3TO 3HAYMUT, YTO OHA HECET IMOJUTEHbI
XO0JIOJOCTOWKOCTH, KOTOPBIC B XOJOAHBIA roja "BeIIUIM Ha mpupoct'. st uaeHTHUUKAIIN
TCHETHUYECKH OTIUYAIOIINUXCS JICPEBBEB IO PA3HBIM TE€HETHUKO-(PU3UOIOTHICCKUM CHCTEMaM
aJJaTUBHOCTH JOCTATOYHO OIPEACIUTh 10 METEOJaHHBIM, HalpUMEp, CaMblid 3aCyIIJIUBBIA U
CaMbIil XOJIOMHBIM TOJBI 3a OINpPEACIICHHBIH OTPE30K BpEMEHHU. 3aTeM HWIAECHTU(UIMPOBATH
OTIpeIeNIEHHBI TOJUYHBII MPUPOCT CAMOTO CYXOr0/XOJOAHOTO TO0Ja, U HAWTH JEpeBbs, Y
KOTOPBIX TPUPOCT B BBICOTY B CYXOH/XOJOJHBIM TOJl OKAa3aJIcsi CaMbiM OOJbIIMM (KOHEYHO,
paboTy HAJ0 BECTH MPHU OJJHOPOJHOM MOTHOTE HACAKIACHHUS).

N3MeHYnMBOCTh JIMHEWHBIX MPUPOCTOB OJIHOTO TOJa Y JIEPEBBbEB €CTECTBEHHOM
MOMYJISIIIUKA OTPAXKAeT TeHOTUITUYECKYI0 U3MEHYMBOCTD aJalITUBHOCTU MEX]Y JIEPEBBSIMU. 31€Ch
paboTaer «IPUHLHUI YCUJICHUS» CIa00r0 T€HETHYECKOr0 MPEHMYIEeCTBa MO aJalTHBHOCTH K
KOHKPETHOMY TOAY (CYXOH U TEIUIblid WM BIAXHBIA M XONOAHBINA ronel). [IpuHimn ycuneHus
BriepBeie chopmynupoBan H.B. TumodeesimM-PecoBckum [1959]: maneiinmee reHOTHIHYECKOE
MPEUMYIIECTBO (MM MaJjeHInuid reHoTUnuYecKuil 3pQexr), HezaMmeTHble Ha (peHOTHIEe OAHOMI
KJIETKH, MPOMAs uepe3 ICCATKH ThICAY KJICTOUYHBIX JEICHHH B MPOIECCE POCTa, CTAHOBSITCS
OUCHb BBIPAKEHHBIMU Ha ypoBHE (eHoTHma ocoOu (B YACTHOCTHM Ha JUHEHHOM TOJUYHOM
IPUPOCTE COCHBI).

JInst SKCepUMEHTAIbHOM TMPOBEPKU 3TOTO MOJAXO0JA YPE3BBIUAWHO LIEHHBI KJIOHOBBIE
IUTAHTalMU XBOWHBIX nopoJl (Hamp.: Tapakanos u nip., 2001).

THE POSSIBILITY OF FAST ESTIMATION OF ADAPTIVE POLYMORPHISM IN
NATURAL POPULATIONS OF MONOPODIAL CONIFEROUS TREES
Dragavtsev Victor A.

FSBSE Agrophysical institute, Saint-Petersburg; e.mail<dravial@mail.ru>

The XXI century many biologists call as century of an epigenetics. In 1984 the group of
researchers found a new epigenetic phenomenon — change of a spectrum and number of the
genes determining the same quantitative trait, at change of the limiting environment factor
(Dragavtsev, Tsilke, etc., 1984; Dragavtsev, Litun, etc., 1984). Now the Theory of the Eco-
Genetic Organization of Quantitative Character (TEGOQC) was created and 24 new, important
for breeding, consequences from it are developed, (Dragavtsev, 1998; Kocherina, Dragavtsev,
2008; Dragavtsev, 2008; Chesnokov, Pochepnya, Byorner, Dragavtsev etc. 2008; Dragavtsev,
2012).

The main consequences from TEGOKP: there were hypotheses of mechanisms of many
phenomena and there were approaches to forecasting of many parameters of populations which
on the basis of a traditional genocentric paradigm in principle couldn't be predicted earlier. We
will consider the nature of phenomenon "genotype-environment interaction” (GEI). Traditional
(mendelian), biometric and molecular genetics branches have no hypothesis of the nature and
GCI mechanisms now. From TEGOQC positions the GEI mechanism is a change of spectrums
of the genes determining a character at change of a lim-factor of environment.

We will consider the well-known phenomenon of variability of linear accretion by years
at any coniferous tree. Within a trunk a accretions vary on length year by year. However and
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between trees in wild population accretions for the same year also vary very strongly. It is
obvious that variability of lengths of accretions within a trunk is defined by distinction of years —
cold year, warm year, damp year, dry year, etc. And here distinction in the accretions between
trees in the same year, from TEGOQC positions, has to be defined by hereditary factors, for
example, of drought resistance in dry year, or cold constancy in cold year. If two trees have
identical drought resistance, they in dry year must to have identical accretions. If they differ on
hereditary factors of drought resistance — accretions will be different.

Coniferous plants have no the intercalar (inserted) meristems therefore the size of each
year accretion (in length or thickness) is fixed forever and doesn't change for all long life of a
tree. Then, approves TEGOQC, if the individual gave a long linear accretion in cold year, it
means that it bears cold resistance polygenes which in cold year came to accretion. If other
individual gave a large increase in droughty year, she possesses drought resistance polygenes.
For identification of genetically different trees on different genetic-physiological systems of
adaptability it is enough among years (20 years or more) to determine by meteodata, for
example, the most droughty and coldest years. Then to arrive to the wood, to count from the
most top accretion of the last year the necessary number of accretions to accretion of the driest
year, and to find trees at which the accretion in height in dry year appeared the longest. These are
drought-resistant genotypes. The same algorithm allows to find the most cold-resistant trees (of
course, work should be conducted at uniform fullness of forest.).

Variability of linear accretions of one year at trees of natural population reflects
genotypic variability of adaptability between trees. Here "the principle of strengthening” of weak
genetic advantage on adaptability by concrete year (dry and warm or damp and cold years)
works. The principle of strengthening is for the first time formulated by N. V. Timofeev-
Resovsky [1959]: the slightest genotypic advantage (or the slightest genotypic effect),
imperceptible on a phenotype of one cell, having passed through tens of thousands of cellular
divisions in the course of growth, become very expressed at the level of a phenotype of an
individual (in particular on a linear year accretion of a pine).

The clonal plantations of a coniferous trees (f.e.: Tarakanov et.al., 2001) are extremely
valuable to experimental check of this approach.

OCOBEHHOCTH )KHPHOKHUCJOTHOI'O COCTABA KAJLJTYCHBIX TKAHEHN
XBOHMHBIX
dynapesa JI.B., llImaxos B.H., CemenoBa H.B., Makapenko C.II., Koncrantunos F0.M.
Cubupckuit uHcTUTYT (hrznosnoruu u 6moxumun pacrenuit CO PAH, Jlepmonrtosa 132, r.
Upkytck (Poccus); laser@sifibr.irk.ru

Jleca BoctouHoii Cubupu SBISIOTCS OJHUM U3 BaKHEUIIUX MCTOYHUKOB F€HETHUYECKOTO
pa3sHO0Opa3us TaKUX JIPEBECHBIX PACTEHUH, KaK COCHA, Kep, IMCTBEHHUIIA U el1b. BaxkHyt0 poIib
B COXpPaHEHMH 3TOr0 pa3HOOOpa3us B Jiecax pPeruoHa MOTYT ChIrpaTh MOIXO/bI, HAlpaBJICHHbIE
Ha MOJy4YeHHE KYIbTYPbl KJIETOK W M3y4Y€HHE BO3MOXKHOCTU BETETATUBHOTO DPAa3MHOXKEHUS
XO3SUCTBEHHO LEHHBIX MOpoJ. CrnocoOHOCTh TKaHeW pacTeHuss K oOpa3oBaHHMIO Kajllyca U
(dbopmHpoBaHUe B JaJbHEHIIEM 30H BTOpUYHOHN AuddepeHunpoBKH (MOP(HOTEHHBIX KaJUTyCOB) U
pacTeHN-pereHepaHTOB OTKPBHIBAET MIMPOKHE BO3MOXKHOCTH KaK JIJISl U3yYEHHSI OCOOCHHOCTEH
MopdoreHesa Tak W Uil MPaKTHYECKUX NpHiIokeHud. KymbTHBHpOBaHMe pacTeHuil in Vitro
BBI3BIBACT M3MEHEHHSI METa0O0MIEeCKO aKTUBHOCTH KJIETOK. DTO BBIPAKAETCS B U3MEHEHHSX B
XMMHUYECKOM COCTaBe TKaHEH 10 CPaBHEHHUIO C UCXOHBIM PACTEHUEM.

W3BecTHO, HampuMep, YTO COCTAaB JIMIIHJOB W JKAPHBIX KHCJIOT KaK OCHOBHBIX
CTPYKTYPHBIX ~ KOMIIOHEHTOB  DPAaCTHTEIbHBIX ~ MeMOpaH  MOXeT  OBIThb  MapKepoMm
(U3HOIOTHUECKOTO COCTOSIHUSI KIIETOK M TKaHEH, Kak B IEJIOM PACTCHUH, TaK M B KYJIbType INn
vitro. ITosTomy menpro pabOTHl OBLT CPAaBHUTEIBHBIN aHAN3 OCOOCHHOCTEH YKUPHOKHCIOTHOTO
(°KK) coctaBa oOux JIMIHAI0B KAJUTYCOB M IIEJIBIX PaCTEHU HEKOTOPBIX XBOWHBIX baiikanbckoi
Cubupu: cocHa, Keap, JUCTBEHHHIA, enb ronaybas. bbumn ucrnonb3oBaHbl HeMOpP(hOreHHbIE
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kawtycuble muaun Pinus sylvestris L., Pinus sibirica Du Tour, Larix sibirica Ledeb. u Picea
obovata var. coerulea Malysch. KymsTypy mnommepkuBanu mnpu Temmeparype 23-24°C B
TEMHOTE. AHAJIN3 METHJIOBBIX 3()UPOB KHUPHBIX KHCIOT MPOBOIMIN METOAO0M Ta30KUIKOCTHOU
XpoMarorpauu ¢ HCIOIB30BAHHEM XpoMaTo-macc-criekTpomerpa S5973N/6890N MSD/DS
Agilent Technologies (CILIA). OTHOCUTENBHOE COJEPKAHUE >KUPHBIX KUCIOT ONPENCISIA B
BECOBBIX IPOILIEHTaX OT OOIIEro MX COJAEpXKaHUs B HccieayeMoM oOpasie. YCTaHOBIEHO, UTO
JKUPHOKHUCJIOTHBI COCTaB KAaJUIyCHOW TKAaHU YETBIPEX BHUJIOB XBOMHBIX 3aKOHOMEPHO HOCHUT
BujocnennpuyHblid xapakrep. [lpu 3ToM MeXIy HEeNbIMU pacTEHUSIMU U KaJjaycaMu OJHOTO U
TOTO JK€ BHJA HAOJIOJAaTM CYLIECTBEHHBIC Ppa3jIM4Us IO COCTaBY JKUPHBIX KHCIOT OOIIMX
munuaoB. Tak, HanpuMep, KaJulyChl, IOJIyYeHHbIE U3 COCHOBOM XBou coaepxanu 10 40% oTH.
MaJIbMUTUHOBOW KUCJIOTBI, B TO BPEMS KaK COJIEPKAHUE ITOU KUPHOU KHUCIOTHI B XBOE LIEJIOI0
pacTeHusi He npeBblIaANo 16% OT cymmbl KucaoT. Kpome TOro B KUPHOKHUCIOTHOM COCTaBe
TkaHerr P. sylvestris in vitro oOHapykeHO MeHblee pa3HOOOpasue KHUCIOT A5 cepuw,
XapaKTepHBIX ISl XBOWHBIX M HEKOTOPBIX JPYTUX JPEBHUX TakcOHOB. OcoOblii uHTEepec
BbI3bIBAE€T BBHICOKOE OTHOCUTEJIBHOE COJEpPKAaHME MOHOHEHACBIIIEHHON OJIEMHOBOM KHCIIOTHI B
KaJuTycHO# Tkanu P. obovata — oHo B 4 pa3a mpeBbIIaj0 TAaKOBOE B XBOE JCPEBHEB H3
npupoaHoil nomynauuu. Panee HaMu ObUTIO TOKa3aHO, YTO BBICOKOE COJIEp)KaHUE oOJieaTa
XapaKTepHO [UIsl >KUPHOKHUCIOTHOTO COCTaBa MOP(OTeHHBIX KaJUIyCOB JUCTBEHHUIIBI, H,
BEPOSITHO, ATOT (PAaKT MOXKET CIY)KUTh PAaHHUM JAMArHOCTHYECKHMM MapKepoM SMOPHOT€HHOCTH
KaJIJTyCOB XBOMHBIX.

JlanbHeuee M3ydyeHHe 3aKOHOMEPHOCTEH M3MEHEHMM JIMIIHMJIHOTO COCTaBa B XOJE
MopdoreHesa B KyiabType iN VitrO MO3BOJIUT BBIACHUTH OHOJOTHYECKYIO POJIb MEPECTPOCK
JUMAJHOTO MeTabomu3Ma Ha HAYAIBHBIX CTaausAX (OPMHPOBAHMS 30H BTOPUYHOU
mubdepeHIMpoBKU. Pe3ynbTaTel 3THUX HCCIEAOBAHUNW MOTYT HMETh Ba)KHOE TMPUKIATHOE
3HaueHue i1 pa3pabOTKU TEXHOJOIMHM KJIOHAJIBHOIO Pa3MHOKEHUS XBOMHBIX JI€PEBBEB C
IUTIOCOBBIMU XapaKTEPUCTUKAMU.

Paboma evinonnena npu noooepacke epanma POOU Cubupv 14-44-04118.

PECULIARITIES OF FATTY ACID COMPOSITION IN SOME CONIFERAE CALLUS
TISSUES
Dudareva L.V., Shmakov V.N., Semyonova N.V., Makarenko S.P., Konstantinov Yu.M.
Institute of Physiology and Biochemistry of Plants, Siberian Branch of Russian Academy of
Sciences, 132 Lermontova Street, Irkutsk, Russia; laser@sifibr.irk.ru

The East Siberian forests are one of the most important sources of genetic diversity of
such woody plants as pine, stone pine, larch and spruce. Approaches oriented towards obtaining
the cell culture and the study of a possibility of vegetative propagation of economically valuable
species could play a key role in preservation of this diversity in the region forests. The ability of
the plant tissues to form a callus along with the further formation of the secondary differentiation
zones (morphogenetic calluses) and plants-regenerants gives broad opportunities both for the
studies of the morphogenesis’ peculiar features and for the practical applications. The cultivation
of plants in vitro provokes the changes in cell metabolic activity. One of such changes takes
place in the tissue chemical composition: it differs from the intact plant’s one.

The composition of lipids and fatty acids as main structural components of the intact
plant membranes is known to be a marker for the cells and tissues’ physiological state, both in
the intact plant and in in vitro culture. That is why the purpose of the work was to carry out a
comparative analysis of the peculiarities of common lipids’ fatty acid composition in calluses
and intact plants of some conifers of Baikal Siberia: pine, stone pine, larix and blue spruce. The
unmorphogenic callus lines of Pinus sylvestris L., Pinus sibirica Du Tour, Larix sibirica Ledeb.
and Picea obovata var. coerulea Malysch. were used. The culture was held at 23-24°C in the
dark. The analysis of fatty acids ethyl esters was carried out by a gas-liquid chromatographic
method using chromatograph mass spectrometer 5973N/6890N MSD/DS Agilent Technologies
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(USA). The abundance of fatty acids was determined in weight percentage of their total content
in the sample studied. The fatty acid composition of the callus tissue of the four conifers’ species
was found out to have a regular species-specific character. At that, the essential differences
related to the common lipids’ fatty acid composition were observed between the intact plants and
the calluses of the same species. Thus, for example, the calluses obtained from the pine needles
contained up to 40 % weight of palmitic acid, while the content of this acid in the needles of
theintact plant did not exceed 16 % of the total acids. Besides, a smaller diversity of A5 — series
acids, so characteristic of the conifers and some other ancient taxa, was discovered in the fatty
acid composition of the tissues of P. sylvestris in vitro. Of special interest is the high relative
content of monounsaturated oleic acid in the callus tissue of P. obovate: it exceeded four times
the one in the needles of the natural population trees. Earlier we showed that the high content of
oleate was characteristic of the larix morphogenic calluses’ fatty acid content, and, probably, this
fact could serve as an early marker for embryogenic potential of the conifers’ calluses.

Further studies of the regularities of changes in the lipid composition in the course of
morphogenesis in in vitro culture will allow to determine the biological role of the
reorganizations of the lipid metabolism at the early stages of the secondary differentiation zones
formation. The results of these studies may have an important applied meaning for the design of
the technology of clonal propagation of the conifers with plus characteristics.

The work was supported by RFBR grant (RFBR_Sibir_14-44-04118).

AJJIO3UMHBIN MOJIUMOP®U3M U JANOOEPEHINALIA HOHY.JIH].H/IFI
COCHBI OBBIKHOBEHHOM B CPEZ[HEﬁ CUBUPHU U 3ABAVKAJIBE
Eropos E.B.
borannueckuii cax YpO PAH, Poccus; 31051978@mail.ru

Heine ne Tonbko B EBpone, HO u Ha Ypane u B CuOupH Mo4TH Bce TOCTYITHBIE COCHOBBIE
Jeca yKe MpouaeHsl pyOKaMu WJIM MOTYT OBITh MOJBEpeHbl UM B Omkaimume 50-100 mer.
Taxum 00pa3oM, Bo3pacTaeT yrpoza HeoOpaTUMOIl yTpaThl X cOalaHCUPOBAHHOTO reHO(OHIA.
Mexny TeMm, HMCCIEIOBaHHS €ro TeHEeTHYECKOM CTPYKTYpbl — 3aj0r YCHENIHOIO peIlleHus
npoOaemMbl — SIBHO HeloCTaTouHbl. Llenp nokimaga — KpaTKuil aHaimu3 pe3ynbTaTOB M3Y4YEHUs
II03UMHOTO TIouMopdusma u auddepennuanuu nonyssiuin Pinus sylvestris L. B Cpenneit
Cubupu u [Ipubaiikanse.

Anno3uMHBIH  aHanu3 25  jokanbHBIX  momysasiumi - P, sylvestris  mposezaen
o0menpuHATEIMA MeTogaMu B 6 ¢uitoreorpadpudeckux peruonax (PI'P): Cpennecubupckom
miaro, JleHo-Anrapckom minato, ropax FOxnoit Cubupu, Ilpubaiikanse, 3anagHom 3abalikanbe
u CesepHoit Mounronuu no 16 jmokycam (B ToM uucie 14 nomumopdusix) 10 depMeHTHBIX
cucrem (GOT, 6-PGDH, SKDH, GDH, ADH, FDH, PGM, DIA, EST-f, SOD). HecmerienHsie
renetnyeckue auctannuu Hen (Nei, 1978; DNyzg) Mexay momyssiusMHu ONpeeiicHbl Ha 0ase
naketa nmporpamm BIOSYS.

B mpenenax pernona uccieoBaHUM BBIABICHA OJHOPOJHOCTH BHYTPHUIIOMYJISALIMOHHOTO
noaumopdusma nonyssiuii P. sylvestris. Cpeanue uncio amrenein Ha okyc (2.4+0.09), kpome
MapruHanbHbIX BbIOOpOK — (Typa (1.8), Ynan-batop (2.2), — u oxugaemasi TeTepo3UTOTHOCTh
262+0.015) xapakTepHsI Jy1s BUAA B 11e10M; ux pasiaunans mo OI'P HexocToBepHHBI.

OOmast aMIIMTya TeHEeTHYecKuX IucTaHuuii Hew Mexny KpallHUMH BBIOOpKaMH B
npeaenax Cpemneit Cubupn wu 3abalikaibsg JOCTUTACT TEHOCHCTEMAaTHYECKOTO paHra
reorpaduueckoit pacsl (DNzg = 0.039), Ho B oTaensHbiXx @I'P B HECKONBKO pa3 MEHBIIE U B
OOJIBIIMHCTBE CIy4YaeB HE MPEBBIIIAECT YPOBHS CpeIHE MOJpa3e/IeHHbIX MOMYJIALUNA UIIH Jaxe
cyononysiimii (DN7g = 0.005-0.010).

Knacrepnsrii ananmuz UPGMA nokasan otderiimBoe 000co0ieHre BCeX BBIOOPOK Ha JIBE
reorpaguueckue rpynns! nonyisauuit: 1) eop FOocnoi Cubupu (Ycrb-Kamenoropek, Tenerkoe
o3epo, banrassiH, MuHyCHHCK) U 2) BceX OCTaJbHBIX B PErHoOHE, B CBOIO OYepeab ci1aldo
nojpa3ieieHHbIX — Ha ypoBHe numb cyonomymsiuuii (DNzg = 0.003-0.006) — wa Ttpm
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KOMMAKTHBIX noarpynmnsl: Ceneneunckyio (Ksxrta, Ynan-Ymp, Kabauck, [lerpoBckuil 3aBon);
Aneapo-Enucetickyro (Upkyrck, Kauyr, 3uma, bparck, Konunck, JluBHoropck, TypyxaHck) u
Cesepobatixanvckyro (Typka, baprysun, Cesepobaiikanbck, CocHOBO-O3epckoe, PomaHoBKa) ¢
TaroTeroniel k Hed BanaBapoil. OcoOHSKOM Ha KiacTepe W B JIBYMEPHOH OpAMHAIIMH
pacnosoxeHsl MapruHanbHble n30iThl (Typa Ha ceBepHOIl M YinaH-baTop Ha 10’KHOI rpaHuIax
apeaina). O60co0eHHOCTh AHTrapo-EHuceiickoi rpymnsl momyisiuii P. sylvestris ot momysisiimii
B ropax lOxuoit Cubupu u 3abaiikanbs, BEpOSTHO, O0YCIOBIICHA, TPEKAEC BCETO, BBICOKUMU
MHACKCAMH HX TOPHO-MEXaHMYECKON MHUTPAllMOHHOW M30JSIUH, KOTOpbIe, KaK M TPaJHEHTHI
reHetudyeckux auctaHuuii DNzg MakcumanbHbl Ha TpaHCEKTax, Nepecekarmux o3. bailikan u
CasHbl.

Ha ocHoBe 1a00paTOpHBIX 3KCIIEPUMEHTOB M TEOPHH TUAPOXOPUH XBOHHBIX (CaHHUKOB,
CannukoBa, 2008; EropoB u ap., 2010) MOXHO TPEANOIOKUTh, YTO BBICOKOE CXOJICTBO
reHooHa COCHbI OOBIKHOBEHHOU B mpenenax CeneHruHckoi U Anrapo-Enucelickoil rpymr, a
TaKke Mexay ee nmonyisiusamu B [Ipenbaiikanse u 3anagHom 3abalikaibe BO MHOTOM CBSI3aHO C
TUAPOXOpHUEN CeMsIH 3TOro BujAa 1o teueHuto pek Cenenru, Aurapsl, Enuces nnm o3epy baiikan
(ocobenHo B paitoHe octpoBa OnbxoH). MuHUManbHbIC reHeTnueckue nuctannuu Hewm (0.001-
0.007) mexay rpynnamu nomyisiuii P. sylvestris Cpenneit Cubupu, ¢ 0JHOW CTOPOHBI, U
KOxnoro [Ilpubaiikanes (MpkyTck), ¢ Apyroil, a Takke HOBbIE JaHHbIE MaTUHOJIOTUU
(bnsaxapuyk, 2010), m03BOJISAIOT NPEANONOKUTH CYIIECTBOBAHUE 3/1€CH OJHOIO U3 pedyrnymoB
3TOTO BHJA.

Paboma evinonnena npu nooodepowcke Ilpoepammel yHOGMEHMATbHBIX UCCIE008AHUL
VpO PAH (Ne 15-12-4-13).

ALLOZYMIC POLYMORPHISM AND DIFFERENTIATION OF SCOTS PINE
POPULATIONS IN MIDDLE SIBERIA AND TRANS-BAIKAL REGION
Egorov E.V.

Botanical Garden, Ural Branch of Russian Academy of Sciences, Russia; 31051978@mail.ru

Today, not only in Europe but in the Urals and in Siberia almost all accessable pine
forests have already been passed by cuttings or can be subjected to them in the nearest 50-100
years. Thus, a danger of an irreversible loss of their balanced genofund increases. Meanwhile,
researches of its genetic structure — the pledge of a successful solution of the problem — are
obviously insufficient. The aim of this report is a short analysis of the results of the study of
allozymic polymorphism and differentiation of Pinus sylvestris L. populations in Middle Siberia
and Near-Baikal region.

Allozyme analysis of 25 local populations of P. sylvestris has been made by generally
accepted methods in 6 phylogeographical regions (PGR): Middle Siberian Plateau, Lena-Angara
Plateau, Southern Siberian Mountains, Near-Baikal Region, Western Trans-Baikal Region and
Northern Mongolia by 16 loci (including 14 polymorhic ones) of 10 ferment systems (GOT, 6-
PGD, SKDH, GDH, ADH, FDH, PGM, DIA, EST-f, SOD). Nei’s unremovable genetical
distances (Nei, 1978; DN) among populations have been determined on the base of BIOSYS
programmes package.

Homogeneity of intrapopulational polymorphism of P. sylvestris populations has been
revealed within the borders of the research region. Average number of alleles per loci (2.4+0.09)
with the exception of marginal selections — (Tura (1.8), Ulan-Bator (2.2), — and expected
heterozygosity (262+0.015) are typical for the species in the whole, their distinctions by PGR are
not statistically significant.

General amplitude of Nei’s genetical distances between marginal selections within
Middle Siberia and Trans-Baikal region achieves genosystematic rank of a geographical race
(DN = 0.039) but in separate PGR it is somewhat less and in most cases it does not exceed the
level of average subdivided populations or even subpopulations (DN = 0.005-0.010).
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UPGMA claster analysis has shown distinct isolation of all the selections into two
geographic population groups: 1) Mountain of Southern Siberia (Ust-Kamenogorsk, Teletskoe
Lake, Balgazin, Minusinsk) and 2) all the rest in the region, in their turn, under subdivided — on
the level only of subpopulations (DN = 0.003-0.006) — into three compact subgroups: Selenga
(Kyakhta, Ulan-Ude, Kabansk, Petrovsk-Trans-Baikalian); Angara-Yenisei (Irkutsk, Kachug,
Zima, Bratsk, Kodinsk, Divnogorsk, Turuchansk) and Northern Baikal (Turka, Barguzin,
Severobaikalsk, Sosnovo-Ozerskoye, Romanovka) with VVanavara attracted towards it. Marginal
isolates (Tura on the northern border and Ulan-Bator on the southern border of the range) are
situated by themselves on the claster and in two-dimentional ordination. The isolation of Angara-
Yenisei group of P. sylvestris population from the populations in the Mountains of Southern
Siberia and Trans-Baikal Region are, probably, due to, first of all, high indices of their mountain-
mechanical migrational isolation, which, as gradients of DN genetical distances are maximum on
the transects crossing Baikal Lake and Sayans.

It can be suggested on the base of laboratory experiments and the theory of hydrochory of
the coniferous (Sannikov, Sannikova, 2008, Egorov et al., 2010) that considerable resemblance
of Scots pine, genofund within Selenga and Angara-Yenisei groups as well as between its
populations in Near-Baikal Region and Western Trans-Baikal Region is connected in many ways
with hydrochory of the seeds of this species with the stream of the Selenga, the Angara and the
Yenisei rivers or Lake Baikal (especially, in the region of Olkhon Island).

Minimum of Nei’s genetic distances (0.001-0.007) between the groups of P. sylvestris
populations in Middle Siberia, on the one hand, and in southern Near-Baikal Region (Irkutsk), on
the other hand, as well as new palynology data (Blakharchuk, 2010) allow to suppose that one of
the refugiums of this species exists here.

The work is done under the support of the Programme of fundamental researches of the
Ural Division of Russian Academy of Sciences (Nel5-12-4-13).

MHOI'OMEPHBINA AHAJIN3 KIMMATHYECKHUX PSIJIOB B CBSI3H C
MMPOBJIEMOM I'JIOBAJIBHOT'O MMOTEIJIEHUSA
E¢umor B.M., I'onuapos H.II.
Wucturyt muronorun u renetukn CO PAH (HoBocubupck), Poceust; vmefimov@ngs.ru

B HacTtosmiee BpeMs TmonydaeT Bce OoIblliee  paclpocTpaHEHHe THUIOoTe3a
“necradbmipHOro Comaia”. CyTh THIOTE3BI 3aKJIIOYAETCS B YTBEPXKJIEHUH, YTO MOTOK TeIjia OT
ConHua, NpuUXOASAIIMIICS Ha IUIAHETY 3eMJis, HE SIBJIAETCS MOCTOSHHBIM, MO KpalHeW Mepe, B
Maciirabax TeicsyeneTuil. BpeMs oT BpeMeHH “‘ColHEeYHash aKTHUBHOCTH , UMEHHO B CMBICIE
TEIJIOBOTO MOTOKA, IMPETEPIIEBAET HEOXKHUIAHHBIE M, HA COBPEMEHHOM YPOBHE HAIIMX 3HAHMM,
HenpeackasyeMble u3MeHeHusl. OHaKo ecTh BCE OCHOBAHUS YTBEpPXKIaThb, UTO UMEHHO ceivac
MBI XMBEM B ‘“3IIOXy IEpeMeH’, TO €CTh, B HacTosllee BpeMsa, NOoTok Termia oT CoiHua,
MPUXOSAIIUICS Ha HaIly TJIAHETY, O-BUANMOMY, PE3KO YBEIUYHBAETCS M, COOTBETCTBEHHO, Ha
Hallel TaHeTe MeHsieTcs KiauMmaruueckuid pexxum (Solanki et al., 2004; Usoskin et al., 2014).
NMeHHO TO03TOMYy M MMEHHO celuac CeJIEKIIMOHEpaM HEOOXOIUMO YYHUTHIBATH BO3MOXKHBIC
MPEACTOAIIME U3MEHEHUS KIIMMaTa Ha JECSATKU JIET BIEPE.

Marepuan u Meroasl. [IpoaHanu3upoBaHbl JIETONMUCHBIE JAHHBIE IO YHCIY JIET C
METEOPOJOTUYECKUMH HKCTPEMyMaMU M TOBCEMECTHBIMU HEypOXasMH B 3amagHoil u
Bocrounoii EBpone ¢ VII Bexa mo 1.3 1o XV Beka H.3. (2600 ner) (Paynep, 1981; baparmi, 1989);
pekoHcTpykius knumata Boctounoit EBponbl (Pycckoit paBHunbl) 3a nocneanue 2000 net no
naneokaumarruueckux JaHHeM (Crnenuos, Kiumenko, 2005); peKOHCTPYKIUS JaHHBIX I10
coJiHeuHOM akTuBHOCTH 3a nocieanue 3000 ner (Usoskin et al., 2014); naHHbIe 1O CTOKY IIECTH
kpynHedmmnx pexk CeepHoil EBpazuu u cpeHeronoBoil Temmneparype Bo3jiyxa ux 0acceiHoB 3a
1936-2008 roxsr (Shiklomanov et al., 2013).

Mertox T7IaBHBIX KOMITOHEHT IO3BOJIAET 0€3 alpHOPHBIX MPEINOI0KEHHNH O MEXaHU3ME
mpolecca pasiarath Jir000H BpEeMEHHOW psiJ Ha COCTaBJISIONINE, OTPAKAIOUIUE TPEH],
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KBa3MLUKINUecKue Kkonebanusa u «mym» (EdumoB u ap., 1988). dazoBbie mopTpeTHl,
MOCTPOEHHBIE MO TJIABHBIM KOMIIOHEHTaM, MO3BOJIAIOT Pa30UTh BPEMEHHOM psii Ha OJTHOPOIHbBIE
0 MaTTePHAM U3MEHYUBOCTH WHTEPBAIIBI.

Pesynbratel. Cyns mo ¢a3oBbIM MOPTpETaM PEKOHCTPYHMPOBAHHBIX JAHHBIX I10
coJIHeUHOM akTuBHOCTH 3a mnocieanue 3000 ner, ecTh BCe OCHOBaHUsS IpeAnojararb, 4To
MMEHHO ceifuac TerioBoi nmotok ot ColiHIIa Ha Hallly IUIAaHETY, IpeTepreBaeT HeOKUAaHHbIE U,
HAa COBPEMECHHOM YypOBHE HAIIMX 3HAHWHW, HEMpeackazyemble u3MeHeHHs. OgHaKo, Havao
UIYIIEro celuyac MOTEeIUICHUs cieayeT OoTHecTH, kak muHuMyM, K XVI-XVII Bekam, 4rto
ABTOMATUYECKU MCKIIFOYAET TUTIOTE3y aHTPOIIOTCHHOTO BIHSHUS. B pEKOHCTPYHPOBAHHOM PSITY
COJTHEYHOM AaKTUBHOCTU HAOJIOJaeTcsi 4YeThbipe BHYTPEHHE OJHOPOJHBIX IO MaTTepHaM
W3MEHUYUBOCTH MHTEPBaJa, TO €CTh, 32 TPU THICSYH JIET CMEHWJIOCH YETBhIPE PEKUMa KoJieOaHui
TEIUIOBOT0 NOTOKa, mpuxosuiero ot Connna Ha 3emito. JIMHAMUKY BCeX MPOaHaIN3UPOBAHHBIX
HAMU KJIMMATHYECKUX TaHHBIX ¥ PEKOHCTPYKIUI BIOJHE COTJIACYIOTCS C TOM KapTUHOM.

Takum oOpazom, kimuMar B 3amagHod W BocTtounoit EBporme 1o ecTecTBEHHBIM
NpUYMHAM, TPEINOJNIOKUTEIbHO ToJ BiusHueM CoOJHIa, WCIBITHIBAET MHOTOBEKOBBIC
KoJie0aHus, Pe3KO MEepPexXOAsIue U3 OJHOT0 KIMMATHUYECKOTO pekuma B Apyroil. Ileperomsr
Haomogamce Bo Il Beke nmo namedr spei, a takke B VIl m XIII Bekax Hamei 3psl.
[Ipoucxonsme B Haimie BpeMs KIMMAaTUYECKHE W3MEHEHHUS, BO3MOXKHO, SIBJISIOTCS JHMOO
OUepeHBIM TEPEXOJOM B HOBBIM, TIOKAa HEW3BECTHBIM HaM, KIUMATHYECKHHA DPEKUM, THOO
OPOJOHKEHUEM YK€ HACTYNHBIIETO TIOJNTHICSYENETHs] Ha3al KIMMAaTHYECKOTO pPEeXuMa,
MIPOSIBIISIONIETOCS ceyac B BUJE TNIOOATBHOTO MOTCIUICHUS. BIvKalIiM aHajJoroMm SBISETCS
Oonee Temiabld W 3aCyILIUBBIM, YEM COBPEMEHHBINH, KIMMATHYECKHA pEXHUM TEPBOTO
THICSIYCIICTHS HAIICH JPHI.

Paboma  noooepowcana  Ilpoexmom  Ne62  ¢ghynoamenmanvuvix  ucciredosanutl,
svinonnsemvix CO PAH coemecmno ¢ opyeumu opeanuzayusimu, u epanmom PDODU Nel3-T-
00315a.

MULTIDIMENSIONAL ANALYSIS OF CLIMATE SERIES IN CONNECTION WITH
THE PROBLEM OF GLOBAL WARMING
Efimov V.M., Goncharov N.P.
Institute of Cytology and Genetics, Siberian Branch of Russian Academy of Sciences Russia,
vmefimov@ngs.ru

"Unstable Sun™ hypothesis is becoming more common nowadays. The essence of the
hypothesis is the statement that the flow of heat from the Sun, reaching the planet Earth, is not
constant, at least in the scale of millennia. From time to time "solar activity" implying heat flow
undergoes unexpected and, at the present state of our knowledge, unpredictable changes.
However, there is every reason to believe that we live in the "era of change™ nowadays, that is,
the flow of heat from the Sun seems to be increasing dramatically and, consequently, climatic
regime is changing on our planet (Solanki et al., 2004; Usoskin et al., 2014). That is why the
breeders should take into account possible upcoming climate changes for decades to come.

Material and methods. Next chronicles were analyzed: meteorological extremes and
widespread crop failures in Western and Eastern Europe from the VII century BC to the XV
century AD (2600 years) (Rauner, 1981; Barash, 1989); climate of the Eastern European
(Russian Plain) reconstruction for the last 2,000 years using paleoclimatic data (Sleptsov,
Klimenko, 2005); solar activity reconstruction over the past 3000 years (Usoskin et al., 2014);
northern Eurasia six major rivers flow and the average air temperature of their basins for the
years 1936-2008 (Shiklomanov et al., 2013).

The principal component analysis (PCA) allows to decompose any time series without a
priori assumptions about the mechanism of the process into components reflecting the trend,
quasi-cyclic fluctuations, and "noise (Efimov et al, 1988). Phase portraits constructed from
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principal components allow split time series into intervals with homogeneous patterns of
variation.

Results. Judging from the phase portraits of the reconstructed data on solar activity over
the past 3,000 years, there is every reason to believe that the heat flow from the Sun to our planet
undergoes unexpected and unpredictable changes. However, the beginning of nowadays coming
warming should be attributed, at a minimum, to the XVI-XVII centuries, which automatically
excludes the hypothesis of anthropogenic influence. Four intervals of reconstructed solar activity
with internally homogeneous patterns of variability were identified, that is, four climatic regimes
replaced one another for three millennia. Dynamics of all climate data and reconstructions that
we analysed are quite consistent with this pattern.

Thus the climate of Western and Eastern Europe displays the centuries-old oscillations for
natural reasons, presumably under the influence of the Sun, sharply passing from one climate
regime to another. Breaks are observed in the Il century BC, as well as in the VII and XI11-XIV
centuries AD. Nowadays climate changes are possible either transition to a new the climate
regime, yet unknown to us, or another the continuation of already came half a millennium ago
the climate regime that manifested in the form of global warming now. The closest analogue is
the first millennium AD climatic regime that warmer and more arid than the modern climatic
regime.

This study was supported by budget project no. VI1.53.1.1, partner project no. 62 of
Fundamental Research of the Presidium of Siberian Branch of Russian Academy of Sciences,
and RFBR Nel3-7-00315a.

O XUMMNYECKOM COCTABE XBOH B ITONY.JISIUSAX EJIU ®PUHCKOMN B
HEPMCKOM KPAE
Kexkuna H.B., Porozun M.B., Komapos C.C.
EcrecTBeHHOHayuHBII HHCTUTYT [IepMCKOTr0O rocy1apCTBEHHOTO HAIMOHATIBHOTO
UccIe0BaTeNbcKoro yuuBepeutera, 614990, Ilepms, yi. Bykupesa, 15; rog-mikhail@yandex.ru

Uccnenosano 26-neree motomctBo enu ¢unHckoit (Piceaxfennica (Regel) Kom.),
KOTOpOE TOJIyY€HO OT IUIIOCOBBIX JIEPEBBEB M3 CeMsH, coOpaHHBIX B 1986 r. OOpasiel xBou
B3iATHl B ceHTsA0pe 2012 r. or 52 nepeBbeB M3 MOTOMCTBA YETHIPEX LIEHOMOMYISIMM JIECHBIX
KyneTyp (moromctBo K) n oT 55 nepeBbeB — M3 MOTOMCTBA CEMH €CTECTBEHHBIX MOMYIISIUN
(motomctBo E). IloTOMCTBa BBIpallMBaIMCh B OMBITHBIX KYJIbTYpax W MPEACTaBISUIM 4YacTh
OOJBIIOrO ONbITa, TJE€ HCHBITHIBAIIM 15 ThIC. pacTeHUl MOTOMCTBOM 525 JepeBbeB eIu.
Nzyuanoce conepxanue 10 mukposnementoB (M3): Ni, Mn, Ti, P, Cu, Zn, Ba, Sr, Zr, Pb (B
mr/kr). Conepxanue xpoma 1 BaHajus (Cr, V) okazanoch HUXKE 4yBCTBUTEIBHOCTH METOA U UX
KOHIEHTpAllUu HE HCCeloBaId. AHAIU3 MPOBOAMIM IO METOAMKAM aTOMHO-a0COpPOLIMOHHOTO
aHaJIN3a.

Jlisg oOmiero mnpeicTaBlIeHUsT O MOJIYYEHHBIX Pa3IMYUsAX HPUBOJUM CaMOE IPOCTOE
cpaBHeHHe: pasHocTb MO B moromctBax E m K, mpunumas 3a 100% wux conepxaHue B
notomctBe E: (E — K)/Ex100. B pesynpTate OKa3anoch, 4TO B IMOTOMCTBE €CTECTBEHHBIX
HOMYJSIUI conepxkanne ceMu MO okaszaloch BBIIIE, a TpeX — HIKE, yeM B nmotoMcTBe K (puc.
1).

Tak xak MCXO/IHbIE JaHHBIE UMENN PACIPEIEIICHNUs, OTINYAIOIINECS OT HOPMaJIbHOTO, B 7
psaaax u3 10, To MbI mpeoOpa3oBalid UX Yepe3 HaTypabHBbIM Jorapudm (In), mocne yero nposenu
ux pazbuenue Ha 6-8 kiaccoB. [IpuMeHHIN cpaBHEHHE BHIOOPOK IO YacTOTaM B KaxaI0M U3 6-8
KJIACCOB 110 KPHUTEPHIO 2. Pasmmuns B cpexHeM comepskanud MD, a Takke M MO HX YacTOTaM
OKa3aJICh JIOCTOBEPHBI Y MapraHiia, TMTaHa, ¢pochopa, Meau, 6apus, CTpOHIUS, CBUHIA, T.C.
JUTSL CEMU MUKPO3JIEMEHTOB U3 JIECSTH.
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Puc. 1. IIpeBbliieHuss B COJACPKAHUU MHUKPOIJIEMEHTOB B IIOTOMCTBE M3 €CTECTBEHHBIX
HOMYJISIMI B CPaBHEHUHU C MMOTOMCTBOM M3 KyabTyp Uit enu dunckoi (Piceaxfennica (Regel)
Kom.)

MareprHCKHE HacaXIeHUs, OT KOTOPbIX OBUTM IOJIyYCHBI TOTOMCTBA, HMEIH
CYIIIECTBEHHBIC PA3IUYHS B MOP(OJIOTHH IIUIIEK M KOPBI: KYJIbTYPbl HMEIH OOJIbIIE MPU3HAKOB
OT €M CBPOICUCKOM, a €CTECTBCHHBIC MOMYJISIIMA — OT elu cHOupckoil. [loaTomy oTinuwms
HOMYJISIHA UMEIOT CBOE «XHMHYECKOE» MPOJOHKEHUE B XBOE MX MOTOMCTBA U MOJATBEPIKIAIOT
pazinuusi MOP(HOJIIOTUIECKOTO YPOBHSI.

Paboma evinonnena npu ¢unancosoti noodepoickecoczadanus 2014/153 6 pamxax
6azosoti yacmu Munoopnayku Poccuu (Ne coc. pecucmpayuu 01201461915).

ON THE CHEMICAL COMPOSITION OF PINE NEEDLES IN THE POPULATIONS
OF FINNISH SPRUCE IN PERM KRAI
Zhekina N.V., Rogozin M.V., Komarov S.S.
Natural Sciences Institute of Perm State National Research University, 614990, Perm, ul.
Bukireva, 15; rog-mikhail@yandex.ru

Investigated 26-year-old offspring of Finnish spruce (Piceaxfennica (Regel) Kom.),
which was obtained from the plus trees from seeds collected in 1986. Needles taken in
September 2012 from 52 trees from the progeny of four populations of forest cultures (offspring
C), and from 55 trees — from the offspring of the seven natural populations (offspring N).

The offspring were grown in test cultures and were part of the extensive experience,
where we have experienced offspring from 525 spruce trees. We have studied the content of
microelements 10 (ME): Ni, Mn, Ti, P, Cu, Zn, Ba, Sr, Zr, Pb (mg / kg). The content of
vanadium and chromium (Cr, V) was below the sensitivity of the method, and their
concentration was not investigated. The assay was performed according to the methods of atomic
absorption analysis.

For an overview of the obtained differences, we present the most simple comparison: the
difference in ME between progenies N and C, taking as 100% of their content in the offspring N:
(N - C) / N x100. As a result of the comparison it was found that in the offspring of the seven
natural populations of ME content was higher, and the three - lower than in the offspring of
forest cultures (Fig. 1).

Because the initial data distributions were different from normal in seven ranks of of 10,
we transformed them through the natural logarithm (In), and then conducted their partition into
of 6-8 classes. Further sampling frequencies were compared in each of 6-8 classes under the
criterion 4. The average content of microelements as well as their frequencies in classes were
significantly different among manganese, titanium, phosphorus, copper, barium, strontium, lead,
i.e. for seven out of ten microelements.
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Fig. 1. The increase in the content of microelements in the needles in the offspring of the
natural populations in comparison with offspring of Finnish spruce.

Parental populations differed substantially in morphology of cones and bark of the trunk:
culture had more symptoms from the spruce European species and natural populations - from the
Siberian spruce. In our study population, these differences have found their "chemical”
continuation at different microelement composition of the needles offspring from natural
populations, and the offspring from the Finnish spruce forest cultures.

This work was financially supported by the state task 2014/153 within the base of the
Ministry of Education of Russia (Ne state. Registration 01201461915).

XAPAKTEP U IPUPOJA AZJAIITUBHOI'O PASHOOBPA3US Y BOPEAJIBHBIX
BHOB JIECHBIX IPEBECHBIX PACTEHUM (HA IIPUMEPE KEJIPA
CUBUPCKOI'O)

Kyk E.A., 'opomikesuu C.H.

WMHCTUTYT MOHUTOPHHIA KIIUMaTUYeCKUX U sKosorndeckux cuctem CO PAH, Poccus;
eazhuk@yandex.ru

OCHOBHBIM  SBOJIIOIIMOHHBIM  PE3yJIbTATOM JIEUCTBHS €CTECTBEHHOrO0 OTOOpa Ha
BHYTPUBUJIOBOM YpOBHE SIBIsieTCsl JOPMUPOBAHUE aAaNTallUi — MPUCTIOCOOIEHUH OPTraHU3MOB K
OKpY’KaloIIe cpene. BOJNBIIMHCTBO JIECHBIX JPEBECHBIX BHUIOB TMOKA3bIBAIOT HW3MEHYHUBOCTH
aJJanTUBHBIX MPU3HAKOB KaK BHYTPU SKOTHIIOB, TAK U MEXJy HUMH. BBIsBIIEHHE XapakTepa U
MPUPOJBI U3MEHUMBOCTU aJIAlITUBHBIX MPU3HAKOB SIBJISICTCS OJHOW M3 HauboJiee aKTyalbHBIX
npo0OsieM COBpeMEeHHOI JiecHOM reHeTuku. C cepeuHbl MPOIIIOTO BeKa BEYyTCS UCCIETOBAHUS
reorpaduuecKor U3MEHYMBOCTH (PEHOJOTHIECKUX M MOP(OTOTHUECKUX MPU3HAKOB, Oiaromaps
KOTOPBIM JJIi MHOTHX BHJIOB YCTaHOBJIEHA CTPYKTypa aJalTHBHOTO pa3HooOpasusa. Ha stoit
OCHOBE pa3paboTaHO JIECOCEMEHHOE palOHMPOBAaHME M OCHOBAaHHbIE Ha HEM IIpaBHJIa
JIECOBOCCTAHOBIICHHS.

Onnako mpupoja JOKAIbHBIX HACJIEACTBEHHBIX aamnTalldid OCTAaeTCs BO MHOTOM
HesicHOW. B mocnenHee necsTuierve OBUIM TMOMBITKH YCTAHOBUTH KOPPEJSIIMOHHBIE CBSI3U
MEXIy KINMATHYECKUM TPAJUEHTOM M HW3MEHYHBOCTHIO TEHOB, CBSI3aHHBIX C OTAEIbHBIMU
aJanTUBHBIMU  [pPU3HAKaMH, HAlpuUMEp, 3aBEPLIEHUEM  pOCTa,  XOJOJIOCTOUKOCTBIO,
3aCyXOYCTOMYMBOCThIO M T.M. OJHAKO peaJbHBIX YCHEXOB TYT COBCEM MaJl0 B CBSI3H C
HEOOJBIIUMU TIOKa BO3MOXKHOCTSIMH CaMOM aJaliTUBHOM T€HETHMKH M TEHOMHKH, a TaKXke C
HE3aBEPIICHHOCTHIO HCCIIEIOBAHUM CaMOro XapakTepa aJanTHBHOM u3MeHunBocTH. He B
MOJIHOM Mepe H3YyYeHbl CaMHM M3MEHSIOLMEcs MPU3HAKU: UX IE€pPEeueHb, PaHKUPOBAHHAS
3HAYUMOCTb, KOppessiiuu. bornee miam MeHee MOHSATHBI 3aKOHOMEPHOCTH JIHUIIh (DEHOJOTHU U
o0meit mpoaykTuBHOCTH. [Ipo »yeMEHThI ATON MPOMYKTUBHOCTH M3BECTHO 3HAYUTEIHHO
MEHbIIIe, HAMpPUMEp, NPAKTHYECKH HHUYETO HE M3BECTHO NPO TIOJOBYIO PENPOMYKIIHIO.
[IpocTpancTBeHHas: CTpPYKTypa TakKe M3ydeHa HejocTtaroyHo. HewsBecTHO, kakoBa uepapxus
HKOTHIIOB, KaK pazHOOOpazne OpraHU30BaHO B 3KOJOro-reorpaduueckoi cucreMe KOOpAMHAT.
be3 pemieHus 3THX BOMPOCOB CIOKHO MOACTYHMUTHCS K MpoOIeMe MPHUPOJILI pazHOOOpaszms. A
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PELIMTh MX MOXKHO JIMIIb CTAPBIM M HA/IC)KHBIM METOIOM MCCIIEIOBaHMsI SKOTHUIIOB €X Situ, Koria
UX TIOTOMCTBO BBIPAIIIBACTCS B OJHOPOJHBIX YCIOBHSAX.

Ham npeamer — knumaTudeckue 3KoTuibl. CHOMPCKHE IKOTHUIBI KEApa CUOMPCKOIro
XOPOILH TEM, YTO Y HUX €CTh ITOJHBII HA0Op JOJITOTHBIX, IIMPOTHBIX M BEICOTHBIX 3KOTUIIOB. Ha
IpUMeEpe 3TOTO BUAA MBI IMONBITAIUCH BBIICIUTH MPU3HAKH, UMEIOIUE aalTUBHOE 3HAUCHUE U
ONPENCTUTh  3aKOHOMEPHOCTM WX HW3MEHYMBOCTH B  3aBUCHMOCTH OT  TpaJHeHTa
TETI000€eceueHHOCTH U (poToneproaa. Mel 00001 peKUMHBIE HAOIIOAEHUS 32 POCTOM U
pa3BuTHeM MHPOTHBIX (3amanHo-CuOupckass paBHUHA) U BBICOTHBIX (CEBEPHBI MaKpPOCKIOH
3anagnoro CasiHa) KOTHUIOB KeJpa CHOMPCKOTO B KIIOHOBOM apXMBE, PACIONIOKEHHOM Ha fore
aecHOM 30HBL. OOmas BereraTHBHAs NPOJYKTHBHOCTH, a TaKKe BCe 0€3 HCKIIOUCHHS ee
3JIEMEHTBI, CYLIECTBEHHO CHUKAINUCh II0 MEpPEe COKpAIIEHUs TEIUIO0OECIEYEHHOCTH B MECTax
NPOUCXOXKACHUS HMCXOAHBIX TOMyNsnuid. VHTEHCHBHOCTH OpraHoreHesa mMoOeroB OblL1a
OJIMHAKOBO U3MEHUYMBA Ha 000MX MPOQUIAX, POCT OCH ObUT O0JIee N3MEHYMB HA BBICOTHOM, POCT
XBOM — Ha IIMUPOTHOM INpoduiie. ITO 03HAYACT, YTO TPH OCHOBHBIX 3JEMEHTA MPOIYKTHBHOCTH
NPUHIUIHAAIBHO TI0-Pa3HOMY PETrYJIUPYIOTCS KIMMAaTHYeCKUMH | (POTONEpHOINIECKUMU
dakropamu, 4T0 GOPMHUPYET YHUKAIBHYIO CTPYKTYPY aAalNTHBHBIX NPU3HAKOB y IMHPOTHBIX U
BBICOTHBIX 9KOTHITOB. Pa3nuuus 1o moioBoii penpoayKiud UMEIOT Apyrue 3akoHomepHoctd. Ot
IOKHBIX ~ OKOTHUIIOB K CEBEPHBIM  YBEIIMYMBACTCS JOJSL  JEPEBbEB, (HOPMHPYIOMINX
MHUKPOCTPOOMIIBI, @ COOTHOIIEHHE BETETaTUBHOW M PENpPONYKTHBHOH cdepsl cmemiaercs B
CTOPOHY IOCIIETHEH, TOTr/la KaK y BBICOTHBIX SKOTHIIOB PENpPOIYKLHUS OJMHAKOBO ciadas. JTH
BBIBOIBI OTKPHIBAIOT HOBBIE BO3MOXKHOCTH JJII MOJCITUPOBAHHUS pPEAKIWU PACTCHUH Ha
U3MEHEHHsI KIMMaTa W JUIS HCIIOJIB30BaHUS MPUPOAHOTO TEHO(OHIAa B CEJICKIIMOHHBIX
pOTpaMMax.

THE PATTERN AND THE BASIS OF ADAPTIVE VARIATION IN BOREAL FOREST
TREE SPECIES (CASE OF PINUS SIBIRICA)
Zhuk E.A., Goroshkevich S.N.
Institute of monitoring of climatic and ecological systems, Siberian Branch of Russian Academy
of Sciences, Russia; eazhuk@yandex.ru

The basic evolution result of intraspecies natural selection is adaptation development of
adaptations called individual fitness. The most of forest tree species demonstrates adaptive traits
variability both inside and between ecotypes. The detection of the pattern and the basis of
adaptive traits is the one of the most actual problem in modern forest genetics. The investigations
in geographic variation of phenological and morphological traits is carried out from the middle
of the last century, and due to them adaptive variation structure was established for many
species. Seed zoning and following seed transfer guidelines were developed on this basis.

However, the nature of local heritable adaptations remains largely unclear. During the
last decade there were some attempts to reveal the correlations between climatic gradient and
variation in genes related with individual adaptive traits, for example, growth cessation, frost and
drought resistance, etc. But there are a few real achievements in this field because of limited
abilities of adaptive genetics and genomics now and because the studies of the pattern of
adaptive variability are still in progress. The changing traits, such as their list, ranged
significance and correlations, are studied incompletely. Only in phenology and general
productivity more or less clear patterns were revealed. But the elements of this productivity are
less explicit, for example, sexual reproduction is almost totally unclear. Spatial structure is also
studied insufficiently. It is unknown how does the ecotypes hierarchy and variation organized in
ecological and geographical "system of axes". It is difficult to approach the problem of variation
pattern without solving these issues. The only way to solve it is the old and reliable method of
ecotype investigation ex situ when their progeny is growing in the homogeneous environments.

Our subjects are climatic ecotypes. Siberian ecotypes of Siberian stone pine are
convenient because they have the full set of latitudinal, longitudinal and altitudinal ecotypes. By
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the example of this species we have tried to find the traits having the adaptive significance and to
reveal the pattern of it's variation depending on the heat and photoperiod gradient. We have
summarized the monitoring observations over the growth and development in latitudinal (West
Siberian Plain) and altitudinal (northern slope of Western Sayan) Siberian stone pine ecotypes in
clone archive, located in the south of the forest zone. The total vegetative productivity, as well as
all of its elements without exception, significantly decreased as the reduction of heat sum in the
origins of source populations. The intensity of the shoot organogenesis was equally volatile in
both transects, the axis growth was more volatile in the altitudinal transect, the needle growth -
in the latitudinal one. It means that the three main elements of productivity have fundamental
differences in regulation by the climatic and photoperiodic factors that form a unique structure of
adaptive traits in latitudinal and altitudinal ecotypes. Differences in sexual reproduction has
another laws. From the southern to the northern ecotypes the portion of trees able to form
microstrobili increased, and the ratio of vegetative and reproductive part shifts toward the latter,
while the altitudinal ecotypes have equally weak reproduction. These conclusions open up new
possibilities for modeling plant responses to climate change and for the using of natural gene
pool in breeding programs.

OIIBIT UHTPOAYKIMU JEPEBBEB U KYCTAPHUKOB B JIECHOM
IMATOMHUKE «AK KAUBIH»
3anecoB C.B., Pa:xxanoB M.P., lanueBa A.B., OmieraeB A.C.
Ypasbckuii rocyIapCTBEHHBIH JECOTEXHHUECKUI yHUBepcHuTeT, Poccus; zalesov@usfeu.ru

ApOopeTyMm JIECHOTO MUTOMHUKA «AK KailblH» rOCyAapCTBEHHOT0 MPEANPUATUS Ha IpaBe
xo3sicTBeHHOro BeaeHus «Kacwum Arimak» (PI'TI «XKackur Aiimakxy») Obut 3amoxen B 2001 1. ¢
[ENBI0 UCIIBITAHUSI M YCTAaHOBJICHHUS TEPCIEKTUBHOCTU PA3JIMYHBIX TAaKCOHOB (BUAOB, (hopm,
ruOpuI0B, COPTOB) JUIs Lienell ecopa3BeieHus U 03eleHeHus cToiauubl Pecydnuku Kazaxcran
r. AcTaHsl.

Tepputopust apboperyma pacrojokeHa B CTENHOW 30HE, MOJ30HE CyXOH THITYaKOBO-
KOBbUIbHOM cTenu. CorjmacHO CXeMbl JIECOPACTUTENBHOIO PpallOHMPOBAHUSI TEPPUTOPUS
apOopeTymMa OTHOCHTCS K TPOBMHLMHU OCTEIHEHHBIX HArOpHbIX OCTPOBHBIX M PaBHUHHBIX
COCHOBBIX U 0€pe30BO-OCHMHOBBIX JIECOB, K pailloHy CYXOCTOWHBIX COCHSIKOB basHo-
Kapkapanunckux HU3Koropuii, mnojpaiiony EpeiiMeHTayCKMX OCTEHMHEHHBIX Oepe30oBBIX U
OJIbXOBBIX JIECOB C OCTATOUYHBIMH COCHSIKaMHU.

IlepcneKTUBHOCTh JAPEBECHBIX pACTEHHM, MPOXOISAIIMX HCHBITAaHUS B apOOpeTyMe,
yCTaHaBIWBAJaCh B COOTBETCTBUU C MeToaukoil ['nmaBHoro Ooranuueckoro caga [1],
monudunupoBannoit A.B. I'yceBbiM ¢ coaBropamu [2, 3]. B kauecTBe mokasareneil OIEHKH
KU3HECIIOCOOHOCTU PAcCTeHUH M NEepPCHEKTUBHOCTH UX BBbIpAlIMBaHMs ObUIM HCIIOJIb30BaHbI:
CTETIEeHb BBI3PEBAaHUS MOOETOB, 3MMOCTOUKOCTD, PETYIPHOCTh MPUPOCTA OOErOB, CIOCOOHOCTh
K Pa3MHOXKEHUIO.

3a 14-neTHuii epuo] ¢ Hayasla BBITOJHEHHUS padoT B apbopeTryme OblIo ucHbITaHo 132
takcoHa. [locagouHblii MaTepuan mocTynaia B apOOpPeTyM U3 pazluyHbIX paiioHOB PecryOmuku
Kazaxcran u Poccuiickoii ®denepanuu. Jpyrumu cioBaMu, UCCIETyEMbIE TAKCOHBI YK€ MPOLLIH
NEPBUYHYIO aJanTaliio, YTO TIO3BOJIIET PEKOMEHJOBAaTh MX KaK IMEpPCHEeKTUBHBIE IS
JIECOPa3BECHUS U 03€TICHEHMUS.

3a mepuoj HcClelOBaHUN M3 KOJUIEKIMH apOopeTyma BbIMalo 25 TaKCOHOB U JIBa
TAaKCOHA TOKa3ajd CpeJHHE 3HA4YeHUs ITOKaszaTesed >KU3HECHOCOOHOCTH U MEepCHEeKTHBHOCTU
pactenuid Hrke 20 6ayIoB, YTO MO3BOJMIO OOBEIUHUTH UX B TPYIIY HENpUroaHbIX. OaHAKO,
MOCKOJIbKY OOJIBIIMHCTBO BBIMABIIMX TAKCOHOB OBLIO 3aBE3€HO OJTHOKpATHO U3 I. Bonrorpana u
r. AJMatbl, BBIBOJI O MX HENPUTOAHOCTH MOXKHO CUUTATh IpeIBapUTeNbHBIM. Bo3M0OKHO, 4TO
OPUYMHOM OTMaja MOCIYKUJIU HEOJIaroNpUsTHBIE MOTOAHBIE YCIOBUS KOHKPETHOI'O To/a WU
JIOTIyIIIEHHAs: HeOPEeKHOCTh IIPU MEPEBO3KE MOCATOYHOTO MaTepHara.
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I'pynnbl  HemepcHeKTUBHBIX cocTaBuiaM 11, ManonepcrnekTuBHBIX — 12, MeHee
MEePCNEeKTUBHBIX — 30, MEPCHEKTUBHBIX — 29 U CaMbIX MEPCIEKTUBHBIX — 23 TaKCOHA.

JlaHHbIE O MEPCHEKTUBHOCTU JPEBECHBIX M KYCTAPHHUKOBBIX IIOPOJ YCTAHOBJIEHHBIE B
apOopeTyMe JIeCHOTO NIHUTOMHHKAa «AK KalblH» IMO3BOJISIT PACHIMPUTh ACCOPTHUMEHT MpHU
JIecOpa3BECHUM U 03€JIEHEHUHU B YCIIOBUX cTenHOU 30HbI CeBepHoro Kazaxcrana.
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INTRODUCTION OF TREES AND SHRUBS IN THE FOREST TREE NURSERY “AK
KAJIN”
Zalesov S.V., Razhanov M.P., Dancheva A.V., Opletaev A.S.
The Ural State forest engineering university

“Ak Kajin” forest tree nursery arboretum of the state enterprise entitled to run
management “Zhasyl Ainak” was layed in 2001 having in view testing and perspectiveness
determining of different taxons (sorts, forms, hybrids, species) for forestation and municipal
forestry in Astana, the capital of Kazakh republic.

The arboretum territory is located in steppe zone, subzone of dry tipchacovo-feather-
grass steppe. According the scheme of forest-growing in to destricts the arboretum territory
belongs to the province of steppe highland, insular and flat pine and birch-aspen forests, the
region of dead pine stands of Bajiano-Kazkaralinsky low-mountains subregion of Ereimentaysky
steppe birch and alder forests with residual pine stands.

Perspectiveness of woody plants tested in arboretum has been established according to
Central Botanic Garden method that has been modified by A.V. Gusev and co-authors (2.3). The
degree of shoot ripening, cold resistance, regularity of shoot increment, ability to breeding have
been used to show the estimation index of plants viability and their perspectiveness in growing.

For the 14-year period when the work has been started in the arboretum 132 taxons has
been tested. The planting material was supplied by various regions of Kazakhstan republic as
well as Russian Federation in other words taxons tested has already passed the initial period of
adaptation, it means that they can be recommended for forestation and municipal forestry for
their perspectiveness. For the whole period of investigations only 25 taxons have been attrited
out of arboretum collection and 2 taxons have shown mean riability value and perspectiveness
lower than 20 points. That made possible to unite them in an useless group. However as the most
part of the attrited taxons have been delivered from Volgograd and Almaty only once the
conclusion on their uselessness is premature. Perhaps, the cause of attrition was due to
unfavorable weather condition in a concrete year or because of the carelessness in plants
transporting.

The groups of unperceptive totaled — 11, low perspective — 12, less perspective — 30,
perspective — 29 and the most perspective — 23 taxons.

The data on woody and shrubs species perspectiveness that has been established in forest
nursery “Ak Kayin” arboretum will make possible to widen the assortment in forestation and
municipal forestry in the steppe zone of the north Kazakhstan.
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JA®PEPEHIIUALIMS TONYJIANNUA COCHbI OBBIKHOBEHHOU B
JEHTOYHBIX BOPAX AJITAMCKOI'O KPASL, BBISIBJEHHASI C IPUMEHEHUEM
MAPKEPOB PA3JIUYHOM ITPUPO/IbI
3anenuna K.I'.!, Kaapuenko JL.U .2, TapakaHoB B.B., JKapT AK., JlapuoHosa ALt
! Uucruryr neca CO PAH, Kpacuosipek, Poceust; kseniya-zacepina@yandex.ru
2 Poccmiickuii LEHTp 3a1uThl jeca — LlenTp 3amuTel neca Antaiickoro kpasi, bapnayn, Poccus;
altay-Iss@yandex.ru

Cocna oObikHoBeHHast (Pinus sylvestris L.) B AunraiickoM Kpae sBJIs€TCs HauOoee
LIEHHOW MOpOJOM B SKOHOMMYECKOM U 3KOJOTMYECKOM IUIaHe. B TO ke BpeMs HET TOYHBIX
JAHHBIX O €€ MONYJSILMOHHOM CTPYKTYpe B HccielyeMoM paiioHe. B pabore comocTaBieHbI
JaHHbIE 0 TUQQepeHIManuy TOMYySAIHA 3TOT0 BHAA B JIGHTOYHBIX Oopax AJTalCKOTo Kpas,
IOJyYEeHHbIE TPH aHAJIN3€ W3MEHYMBOCTH (PEHOB M AIJIO3MMOB, a TaKXe KOJIMYECTBEHHBIX
IPU3HAKOB U UX HHJIEKCOB.

B npenenax yHuKanbHBIX JIEHTOUHBIX OOPOB, MPOU3PACTAOLUIMX B cTeNHON yacTu OOb-
UpThilickoro Mexypeubsi, BbIJICICHBI 2 JIECOCEMEHHBIX paiioHa (moxapaiioHa) cocHbl: bypia-
Kacmanunuckuit (696) u [puupteimcko-Kynynaunckuii (82) [Jlecocemennoe paiioHupoBaHue,
1982]. B u3y4yeHHbIX HaMU HauOoJiee MAaCCHUBHBIX OapHAYJIbCKOH M KAaCMAJMHCKOW JICHTaxX
IpaHUIla MEXIY 3TUMH palloHaMM NPaKTUYECKU COBIAJAET C TPaHMLIEH MEX1y CHOMPCKUM U
KYJTYHJIMHCKUM TOABUAaMU cOoCHBI 110 kinaccuduxaiuu JI.D. [Ipasnuna [1964]. [1o amnmo3uMHbIM
MapkepaM ObUIM McCCIe0oBaHbl 4 MOMyNSAUM cuOupckoro (paiioH 696) u 3 KymyHIHMHCKOTO
(pation 82) moxaBuia, Mo JABYM APYTUM MapkepaM — 5 W 7 MOMYJSIUi, COOTBETCTBEHHO.
Onexktpodoperndyeckuil  aHanu3  M30(EpPMEHTOB  OCymlecTBIsUIM 1o  20-TH  JIOKycam,
deneTrueckuil — 1o 5 peHaMm ceMsiH U 3peiibIX LIUIIEK, aHAJTU3 U3MEHUMBOCTH KOJIMYECTBEHHBIX
NPU3HAKOB — 0 UHAEKCY ¢opmsbl mumiek 1 Macce 1000 mt.cemsn [Kanpuenko, 2013; 3auenuna,
2015].

['enernueckoe paccrosHue Mexay nomyiasuusmu D [Nei, 1972] Bapeupyer ot 0.003
100.011. ITpy MHOrOMEpHOM IIKAJIMPOBAHUM MAaTpPHUILIbI FreHeTHYecKuX pacctossuuii Heun (puc.1)
HU 10 OJHOM W3 KOOPAMHAT HE MPOCIEKHUBAECTCS YETKOIO PACHOJIOKEHUs MOMYyJAIUN B
3aBUCHUMOCTH OT UX MPUHAJJIEKHOCTH K TOMY WJIM UHOMY JIECOCEMEHHOMY paiioHYy.

HawnbGonee 06§/(I:o6neHH0H e Rpecrennia (690)
okaszanach momynsauus «MakapoBo», . o
. amoHToEO (696)
OTHOCSIIAsCA K 3amajHoil cucreme  g| CPOCTe! (82) Kpyrnoe (82) -
©
«KOPOTKHX JIEHT» KoTopas =
p s p S o Muphsi (82) Pebpuxa (696)
JIOCTOBEPHO muddepeHnrpoBana S
MOYTH OT BCEX APYTHX MOMYIAUMHA =2
paiioHa 690, u XapakTepusyercs # Maxapgeo (696)
IIOHUM>XCHHBIM YpPOBHEM Koopaunara 1

nonumopduoctu (60% mnporus 70-

75% y gpyrux nonymsnmi). OO0
OTCYTCTBHH muddepeHnnaniu
MOMYJISIIIUA M3 Pa3HBIX JIECOCEMEHHBIX
paliOHOB CBUJICTEIHCTBYET TAKXKe aHATIH3 MOJEKYIsipHOi BapraHcel (AMOVA).

Puc. 1. Ilpoekuuss u3ydyeHHBIX NOMYJALUNA Ha
IJIOCKOCTH JIBYX KOOpJUHAT.
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Huddepenumanus nonyasuuid no ¢eHaM, MHAEKCY (OpMbI MIMIOIEK M Macce CeMsH
OKazajachk 0osiee BEIPaKEHHOM. DTO MPOSBISETCS HE TOJIBKO B JOCTOBEPHBIX PA3INUMAX MEKITY
BBIOOpDKaMH W3  PA3JIUYHBIX  JIECOCEMEHHBIX  pailOoHOB, HO M B  CYIIECTBEHHBIX
MEXIONYJISIIMOHHBIX Pa3InYUsAX KaK BHYTpU paiioHa 690, Tak 1 BHYTpH paiioHa 82.

OcHOBHBIC BBIBOJIBI W3 TIOJYYECHHBIX pE3yJAbTATOB 3aKIIOYAIOTCS, BO-TIEPBBIX, B
1e7IecO00Pa3HOCTH KOMIUIEKCHOTO HM3YYCHHS HOMYISIUOHHON CTPYKTYpPBI COCHBI C TIOMOIIBIO
pPa3IMYHBIX METOJIOB M, BO-BTOPBIX, B HEOOXOAWMOCTH JalbHEHIIEro yTOYHEHHsS e¢
JECOCEMEHHOTO paiioHupoBaHMsA. [Ipy 3TOM BBICKa3aHO MPEAINOIOKEHUE O MOBBIIICHUH
3pPEKTUBHOCTH  AIJIO3UMHOTO  aHalM3a IOCPEICTBOM  BBIABICHHS U  IOCIEAYIOIIEro
npuMeHeHHs Ui AuddepeHnnanuyd  TNOMyJsNuid HE BCeX, a MPEUMYIIECTBEHHO
«IMarHOCTUYECKUX» JIOKYCOB. B HalMx sKcriepuMeHTax UMM okasaiuch Jokycel Mdh-4 (2.9%),
Lap-2 (2.8%), Adh-2 (2.5%) u 6-Pgd-2 (2.5%), KOTOpble BHOCAT HAHOOJBINUA BKIAI B
TuQepeHIManI0 N3yYSeHHbBIX TOMYJISIIHA.

DIFFERENTIATION OF SCOTS PINE POPULATIONS IN TAPE PINE FORESTS OF
ALTAI REGION REVEALED USING DIFFERENT MARKERS
Zatsepina K.G.}, Kalchenko L.1.%, Tarakanov V.V.}, Ekart A.K.}, Larionova A.Ya.!
V.N. Sukachev Institute of Forest of, Siberian Branch of Russian Academy of Sciences,
Krasnoyarsk, Russia; kseniya-zacepina@yandex.ru
2Center for Forest Protection of Altai Region, Barnaul, Russia; altay-Iss@yandex.ru

Scots pine (Pinus sylvestris L.) in the Altai region is the most valuable wood species in
economic and environmental terms. At the same time, there is no accurate data on its population
structure in the research area. The paper compared the data on the differentiation of populations
of this species in tape pine forests of Altai region, obtained by analyzing the variability of phenes
and allozymes and also quantitative traits and their indexes.

Within the unique tape pine forests growing in steppe zone of the Ob-Irtysh interfluve 2
allocated forest-seed zoning (subdistrict) pine: Burla-Kasmalinsky (69b) and Priirtyshsko-
Kulundinsky (82) [Forest-seed zoning, 1982]. In most massive the barnaul and kasmalinsky
tapes research by the border between these zone practically coincides with border between
siberian and kulundinsky pine subspecies on L.F. Pravdin's classification[1964].By allozymes
markers were investigated 4 populations siberian (the zone 69b) and 3 kulundinsky (the zone 82)
subspecies, two other markers — 5 and 7 populations, respectively. Electrophoretic analysis of
isoenzymes was performed on 20 loci, phenotypic — on 5 phenes of seeds and mature cones,
analysis of variability of quantitative trait — the index form of cones and weight of 1000 pieces of
seeds [Kalchenko, 2013; Zatsepina, 2015].

The genetic distance between populations of D [Nei, 1972] varies from 0.003 to 0.011.At
multidimensional scaling matrix of Nei genetic distances (fig. 1) by one of the coordinates it no
clear location of populations depending on their belonging to a particular forest-seed zoning.

The most isolated was a

population of "Makarovo" relating & o ¥ | Krestyanka (696)

to the western system of "short | gca(82) Krugloe (82) ¢ Mamontovo (695)

tapes” which is authentically % v
differentiated almost from all other 3 o Mimyu (82) RevIikE 030}
populations of the zone 69b and is 3

characterized by a reduced level of

polymorphism (60% vs. 70-75% in & Makargya (530)

other populations). On the absence Coonminafs 1

of differentiation of populations Fig. 1. A projection of the studied populations to the
from different forest-seed zoning Planes of two coordinates.

also shows the analysis of

molecular variance (AMOVA).

65


mailto:kseniya-zacepina@yandex.ru
mailto:altay-lss@yandex.ru

Differentiation of populations by phenes, the index of form of cones and seed weight was
more pronounced. This is evident not only in significant differences between samples from
different forest-seed zoning, but also significant differences between populations within the zone
69b, and within the zone 82. The main conclusions from the results obtained are, firstly, the
appropriateness of complex researching of the population structure of pine using various
methods and, secondly, the need of further specification its forest-seed zoning. Thus it is
suggested to increase the efficiency of allozymes analysis by identifying and the applying for the
differentiation of populations not all, preferably "diagnostic” loci. In our experiments, they were
loci of Mdh-4 (2.9%), Lap-2 (2.8%), Adh-2 (2.5%) and 6-Pgd-2 (2.5%), which make the largest
contribution to the differentiation of the studied populations.

O INPOI'PAMME CEJIEKIIUU KEJIPA CUBUPCKOTI'O (PINUS SIBIRICA DU TOUR)
HA CEMEHHYIO IPOAYKTUBHOCTb
3emasinoit A.H.
SamagHoit-Cubupckuit pmman Muacruryra neca um. B.H. CykaueBa CO PAH, Poccus;
zemlyanoyalex38@mail.ru

Cocua xempoBas cubupckas (Pinus sibirica Du Tour) wium keap CHOMPCKHE 10
pa3HOO0pa3uIo TOJIE3HBIX CBOMCTB HE MMeeT cebe paBHBIX. KempoBble Jieca SBISIOTCS Cpenoi
oOuTaHusi 1 KOPMOBOW 0a30if MHOTOYMCICHHBIX MMPOMBICIIOBBIX 3Bepeil u ntull. [lepeBbs keapa
IPOAYLHUPYIOT )KUBHUIY, 00JIaJatollyto 11eJIeOHbIMU cBOlicTBaMH. B xBoe keapa conepxkurcs 2 %
3¢UpHBIX Maced, 4TO B 5 pa3 Ooibllle 4YeM Y XBOM COCHBI OOBIKHOBeHHOMW. M3 Bcero
pazHooOpa3usi  MOJE3HOCTeH  Keapa  HAWOONBIIYI0  [EHHOCTh  HPEACTaBISIIOT  €ro
BBICOKOITUTATENbHBIC U LIele0HbIe ceMeHa-opeliku. B ux aapax comepxxurcs: 65 % xupos, 15 %
yrineBogoB u 17 % OenkoB, BKiIOYarOmmx 19 aMUHOKHUCIOT, B T.4. Haumbojee BaKHBIC:
TpuntodaH, JM3UH, METUOHHUH, apTUHUH, UUCTUH M TUCTHAMH, a TaKXe YXUPOPACTBOPHUMBIE
BUTaMHHBI: A-petuHoi, D-kansuudepon, E-rokodepon, F, P u nedpunurabie MUKpOII€MEHTHI:
Mn, Zn, |, Cu, Co. bnarogaps cOamaHCHpOBaHHOMY KOMIIJIEKCY OHMOJOTHYECKH AKTHBHBIX
BEIIECTB B CEMEHaX, KeJp CUOMPCKUI O MpaBy CUUTAETCS CUMBOJIOM 3/0POBbS U JOJITOJIETHUS.
CroumMocTh CcpyOJIEHHOW JpeBEeCHHBI Kejpa ¢ JUXBOH OKymaercs IeHOH Bcero 3-5 ypoxkaes
CeMsIH. DTO OIpeleNsieT akTyallbHOCTh €r0 CEeJIEKIIMM Ha CEMEHHYIO0 MPOAYKTUBHOCTh, KaueCTBO
¥ OMOXMMMUYECKHI COCTAaB CEMSIH.

BBuny cnaboil ©3y4eHHOCTH YaCTHOM T'€HETUKU Ke/pa CUOMPCKOro, Ha epBOHAYAIBHOM
JTane CeJIeKUMOHHBIX PabdoT moTpedoBajach MIMPOKAs MOOWJIM3ALMS HCXOJHOTO MaTrepuana
nyTeM OoTOOpa IUTIOCOBBIX JIEPEBBEB IO pe3ysibTaTaM aHajln3a JUHAMUKU 3a 10-meTHuil nepuon
NOKa3aTelnel MX CTPYKTypbl CEMEHHOM NPOAYKTHBHOCTH B €CTECTBEHHBIX IONMYJISALUSAX,
MPUIIOCENKOBBIX KEIPOBHUKAX, CO3AHHBIX IUIAHTALUSAX U KIIOHOBBIX apXHBaXx.

Crnenyer OTMETUTb, UYTO MPUHIMIIBI OTOOpa JE€PEBHEB MO CEMEHHON NPOAYKTUBHOCTH
IpsIMO TNPOTHBOMOJIOKHBI TPU3HAKaM OTOOpa JEpeBbEB Keapa Ha Maccy U KauecTBO €ro
CTBOJIOBOM JPEBECHHBI. DTO U OIpPENeNnI0 HeOOXOOUMOCTh pa3paboTku B MHcTHTyTE leca
cnenuanpbHoil “MeToaukn oTOOpa IUIIOCOBBIX JEPEBbEB Kelpa CUOMPCKOrO MO CEMEHHOMU
npoaykTuBHOCTH, KoTopas B 1980 r. O6buta yrBepkaena I'ocneckomurerom CCCP B kadecTBe
opHUIIMaTBFHOTO JOKyMeHTa, u3ganHoro TupaxkoM 3000 sx3emruisipoB. [1o 3Toii MeToauke ObLIH
oroOpanbl Oonee 100 MIIOCOBBIX JAEpeBBEB Kelpa cUOMpCKOro B Jyecxo3ax Hoocubupckoi
oOnacTu. 3aroTOBJEHHbIE YEPEHKU C ITHUX JEPEBbEB HCIIOJIb30BAJIUCH JUIsI NPUBHUBOK Ha
Ca)KEHIIbI KeIpa M MOCJEAYIOIEH UX MOCaJAKU B KJIOHOBBIX apXUBaX U CEMEHHBIX IUIAHTAIUH B
bepackom cmencemmecxoze (mmato byrorakckux  comok). OCHOBHBIM  WHTETPaTbHBIM
nokaszarejeM OIEHKH CEeMEHHON MpOAYKTUBHOCTH 30-JIeTHHUX KJIOHOB Oblja MPHUHSATA yHeNbHas
cpenHemMHoroyieTHsisl (3a 10 7eT) PHeprusi CeMEHOIEHUs, BRIpAKEHHAsT Maccol ceMmsH Ha Im?
MPOEKIMU KPOHBL. Y JyYIIMX KJIOHOB OHa BapbupoBaia oT 0,565 mo 0,887 kxr cemsiH Ha 1m?
MPOEKIIMU KPOHBI, YTO B HECKOJIBKO pa3 OoJIbIlie [0 CPAaBHEHUIO C aHAJIOTMYHBIMU MOKa3aTeNlsIMU
100-120-netHux naepeBbeB. Takum oOpa3zom, JeBu3-meura akagemuka B.H. CykaueBa “O
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MPEoA0JICHIH Oapbepa BPEMEHHU B JIECOBOJCTBE” MO OTHOIICHUIO K CEMEHHOW MPOIYKTHBHOCTH
KeJ[pa YCIEITHO PenraeTcsl.

Mopnens copra-KJIOHa KeApa IO CEMEHHOH MPOIYKTUBHOCTH JIOJDKHA BKJIIOYATH
CJICAYIOIIME OCHOBHBIC MapaMeTpbl: 1) XOpOIIO pa3BUTYIO KPOHY C MOIIHBIMH Pa3BWIIKAMU B
HUOKHEW YacTH CTBOJIA, TOJCTHIMH BETBSIMHU B MYTOBKAaX M MHOTOYHCICHHBIMU YKCHCKUMH
no0eramMu B CpellHEeil U BEpXHEH YacTax KPOHBI; 2) CPEHEMHOTOJIETHEE YHCIIO IUIICK Ha OJTHOM
nobere — He MeHee 1,7; 3) mIuHY mHUIIEK >75 MM C YHUCIOM TMOJIHO3EPHUCTHIX ceMsiH >70; 4)
Maccy 1000 cemsr >230 1; 5) oOmiare MUKPOCTPOOUIIOB C BBICOKOW OOIEH KOMOMHAIIMOHHON
CIIOCOOHOCTBIO TBUIBIIBL, 6) TOBBIIICHHYIO YCTOMYMBOCTH K (pakTOpam cpenbl, MOBPEXKICHUSIM
BPEIUTEISIMH U OOJIC3HSIMHU.

PROGRAM OF SIBERIAN STONE PINE (PINUS SIBIRICA DU TOUR) BREEDING
FOR SEED PRODUCTION EFFICIENCY
Zemlyanoy A.l.
West-Siberian Branch of V.N. Sukachev Institute of Forest, Siberian Branch of Russian
Academy of Sciences, Russia; zemlyanoyalex38@mail.ru

Siberian stone pine (Pinus sibirica Du Tour) is unmatched in a variety of useful
properties. Stone pine forests provide habitat and food supply for many game animals and birds.
Stone pine trees produce sap which has healing properties. The needles of stone pine contain 2%
of essential oil, what is 5 times more than its amount in needles of Scots pine. Among the whole
variety of stone pine's useful properties, its highly nourishing and curative seeds — nuts are most
valuable. Their kernels contain 65% fats, 15% carbohydrates, and 17% proteins comprising 19
amino acids, among them most important are: tryptophan, lysine, methionine, arginine, histidine,
and cystine, as well as fat-soluble vitamins: A-retinol, D-calciferol, E-tocopherol, F, P, and
deficient trace nutrients: Mn, Zn, I, Cu, and Co. Due to a balanced set of biologically active
substances in seeds, the Siberian stone pine is rightfully considered to be a symbol of health and
longevity. The cost of felled stone pine wood is more than compensated by the price of only 3 to
5 seed yields. This determines the relevance of its breeding for seed production, quality, and
biochemical composition of seeds.

Due to poor knowledge of the Siberian stone pine species genetics, the initial stage of
breeding required a wide-range mobilization of parental material through the selection of plus
trees based on the analysis of 10-year dynamics of the structure of seed production in natural
populations, near-settlement stone pine forests, orchards, and clone banks.

It should be noted that the principles of seed production selection are exactly the opposite
of those of stone pine tree selection based on the weight and quality of trunk timber. This just
determined the need for special «Method for selecting plus trees of Siberian stone pine on seed
production», which was developed in the Institute of Forest, approved as an official document by
the USSR State Forest Committee in 1980, and published in 3,000 copies. Using this method,
more than 100 plus trees of Siberian stone pine were selected in forestry enterprises of
Novosibirsk region. Cuttings harvested from these trees were used for grafting on stone pine
transplants and subsequent planting in clone banks and seed orchards in Berdsky Special Seed
Forestry Enterprise (the upland of Bugotak Hills). Specific long-time annual average (over 10
years) energy of seed production expressed by the weight of seeds per 1m? of the crown vertical
projection was accepted as main integral parameter for evaluating the seed production of 30-year
clones. In best clones it varied between 0.565 and 0.887 kg of seeds per 1 m? of crown
projection, what is several times higher when compared with that of 100-120 year-old trees.
Thus, the motto and dream of academician V.N. Sukachev "On overcoming the time barrier in
forestry" regarding the stone pine seed production is being solved successfully.

A model of stone pine species cloned for seed production should include the following
basic parameters: 1) well-developed crown with robust forks in the lower part of the stem, thick
whorled branches, and numerous female shoots in the middle and upper part of the crown; 2)
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long-time annual average number of cones on a single shoot not less than 1.7; 3) the cone length
more than 75 mm with the number of full-grained seeds in a cone more than 70; 4) the weight of
1000 seeds more than 230 g; 5) the abundance of microstrobiles with high general combining
ability of pollen; and 6) increased resistance to environmental factors and damage from pests and
diseases.

MOP®OMETPHUYECKHNM AHAJIN3 KPOH JIEPEBBEB METOJJAMHU
OOTOI'PAMMETPUHU HA KJIOHOBBIX IIJIAHTALIUAX
HNBanosa 10.10.
CuOHpCKUil roCy1apCTBEHHBIN YHUBEPCUTET T€OCHCTEM M TEXHOJIOTHi, Poccus; iuu@ngs.ru

Opnoit u3 »ddexkTuBHbIX (OpM OpraHU3alUU JIECHOTO CEMEHOBOJICTBA SIBISETCS
3aKJaJIKa JIECOCEMEHHBIX IUIAHTAIUI, C UCIOJb30BAaHUEM IUIKOCOBBIX JEPEBHEB, OTOOPAHHBIX B
Jy4YIIUX HacakIeHWsX. [l BBISIBICHHA TEHETHYECKH JIY4IIUX OcoOell mpoBonsATCs
MHoroJsieTHue HaOmofeHus. C 3TON LeNbl0 aHATU3UPYETCs M3MEHYMBOCTH OOJBIIOrO 4YHCia
MophomMeTprudecKuX rnokaszaresiei. [ TaBHbIME MpU3HAKaMU, ONPEACISIONIUMU CTPOCHHUE KPOHBI
JIEPEBbEB, SBJSIIOTCS: JUIMHA OCEBBIX M OOKOBBIX MOOEroB, JUIMHA M KOJIMYECTBO BETBEH B
MYTOBKaX, a Tak)Ke yroll KperjeHus BeTBed K cTBoiy. JIJis OLEHKM STUX NPU3HAKOB
UCTIOJIB30BATMCHh MaTepHaibl U(PPOBO Ha3zeMHOH crepeodoTochéMKku. ChEMKA IepeBbEB
MIPOU3BOMIIACH HA OJIHOM M3 YYaCTKOB CEJIEKIIMOHHOTO MUTOMHHUKA O3EPCKOro JECHUYECTBa B
AnTalickoM Kpae.

OO6paboTka MaTepuaioB OCYILIECTBISIACH B MporpamMMmHoM mpoaykte PhotoModeler.
@OYHKIMOHAIbHBIE BO3MOXHOCTU MPOrpamMMbl MO3BOJSAIOT moctpouTh 3 D — Monmens kak mo
OJIHOH cTepeomape, Tak M MO OOJNbIIeMy 4YUCITy CHUMKOB. [locTpoeHHass Mozenb MO3BOJISET
OTIPENIeNIUTh MPOCTPAHCTBEHHBIE pa3Mepbl 00beKTOB. ONIMKA MPOTPaMMBI MTO3BOJISIIOT TOTY4aTh
HE TOJIBKO JIMHEIHBIE pa3Mepbl 00bEKTOB, HO U BEIHUUHY yIia MEXKIY OTpe3KaMH.

OOmiast UIMHAa BETBU BBIYMCIATACH KAK CyMMa JJIMH €€ OJHOJIETHUX INPUPOCTOB, NPU
TOM MJEHTU()UIUPOBAINCH COOTBETCTBEHHBIE TOYKM HA JIEBOM M MpPaBOM CHUMKax. Jlims
00BEKTHBHOH OLIEHKH MOJTYYEHHBIX PE3yJIbTaTOB ObLIM U3MEPEHBI JJIMHBI TPEX BETBEH B KaX 101
MYTOBKE W DPACCUMTaHbl UX CpelHUE 3HadeHMs. JUI1 KaKIOro M3 KIOHOB YUHUTBHIBAIN IIO
HECKOJIBKO MPUBUTHIX JIEPEBHEB (pPaMET) U PACCUUTHIBAIIN CPEAHUE 3HAUECHUS TPU3HAKOB.

IIpouecc wu3MepeHus yria OTXOXAECHHA BETBU II0 CTEpPEOIape 3aKiodaics B
UACHTU(DUKAIIMY TOUEK, ONPEEIISIOMINX AIUHY 0CeBOro rnodera (0ch MEpBOTo MOPSAKA) U JUIUHY
6okoBoro moOera (och BTOPOro MOpsAKa) 3a HUCCIeAyeMblii mepuo]. Berumcienue yria
BETBJICHUS PEaIN30BaJIOCh 110 MPOCTPAHCTBEHHBIM KOOPAMHATAM 3aMapKUPOBAHHBIX TOUYEK.

ITockonbky B mporecce (OpMUPOBaHMS BETBU MEHSIETCSl BEKTOP HAIpaBlieHHs €€ pocTa B
IIPOCTPAHCTBE, TO YIOJ OTXOXKJEHUS BETBH, M3MEPEHHBIM HAa PAa3HBIX CTaAMIX €€ pa3BUTHI,
Oyzner paznauuHblid. [lo3TOMy IpHM H3MEPEHUSX OTMEYAIOCh MO TPU TOYKHU C MOCIETYIOIIUM
MIOCTPOCHHUEM IO HUM TPEX Pa3IUYHbIX YIJIOB U ONPEIEIEHUEM CPEAHETO 3HAUEHUS.

JUist OLIEHKM TOYHOCTH M3MEPEHUs yIila BETBJIEHHS MO CTEPEOCHHMMKaM ObUI MPOBEAEH
CHelUallbHbIN 3KcriepuMeHT. Ero pesynbraThl MOKa3adu, YTO TOYHOCTh OIpEAENeHHUs yria
BETBJICHUS JI€PEBbEB MO UPPOBBIM CTEPEOCHUMKAM SIBIISIETCSI BEICOKOM.

[To pe3ynbraram 00pabOTKH MaTEpPHAIIOB Ha3eMHOH CTEPeo(POTOCHEMKHM OBUTH TOTYYECHBI
JUTMHBI OOTOBBIX MMOOETOB HMccleayeMbIx KIoHOB (45, 73, 501, 514) 3a nepuoa ¢ 1997 no 2007
rojel. HaubonpmmM mpupocToM KpoH B HIMPUHY XapakTepusyroTcs kinoHbl 501 u 514. Vron
OTKJIOHEHUS (OTXOXKICHHSI) BETBEH OT cTBOJA y KjoHa 73 u 514 Gonbiie yeMm y kiona 45 u 510.
Kioner 73 m 514 MOXHO oOXapakTepu3oBaThb KaK TYIOBEpUIMHHBbIE, a KIOHBI 45 um 510
OCTPOBEPLIMHHBIE.

Takum o0pa3zoM, mpeangaraeMblii METOJT ONpeIeleHHs] KOTMUECTBEHHBIX XapaKTePUCTHK
JIEPEBBEB  MOXKET CIYXHUTh JS((GEKTUBHBIM CpPEACTBOM HH(OPMAIIMOHHOIO OOecreyeHHs
HCCIIeIOBATENEH JIECHBIX PECYPCOB.
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COCTOAHME 'EHO®OHJIA COCHBI OBBIKHOBEHHOM (PINUS SYLVESTRIS L.)
B KAPEJIUA
HnbunoB A.A., PaeBcknii b.B.
Wucturyr neca Kapensckoro HIT PAH, Poccus; ialexa33@yandex.ru

CywecTBytoniee  JIECOCEMEHHOE  pallOHMPOBAaHUE,  PE3YJIbTaThl  MCCIEAOBAaHUN
reorpapuuecKkux KyJIbTyp U JIECOCEMEHHBIX IUIAHTALUN IJIOXO COTJIACYIOTCS C HMMeEoIencs
uH(popMaliell 0 MOMyNIAIMOHHO-TEHETUUECKON CTPYKTYpe COCHBbI OObIKHOBeHHOW B Kapenuwu.
HeoOxoauMbl TeHeTHYECKUE UCCIIeOBaHUS JUIsl 00eCIIeUeHUsl TEOPETUUECKOM 0a3bl CeNeKINU U
CEeMEHOBO/ICTBA COCHBI OOBIKHOBEHHOW H, B LIEJIOM, JUIsl COXPAaHEHHS M MCIIOJIb30BAHUS €€
TeHETHYECKUX pecypcoB B peruoHe. C IeNbl0 HM3y4eHUS OCOOCHHOCTEH BHYTPHUBHUIOBOTO
pa3HooOpa3usi cocHbl 0ObIKHOBeHHOW P. sylvestris B Kapenuu ¢ mOMOIIBIO YeThIpex
MHUKpPOCATEUIMTHBIX mpariMepoB (Spacll,8, Spacl2,5, PtTX2123, PtTX2146) O6bu1 mpoBencH
aHaJ M3 TEHETHYECKOW CTPYKTYphl MmaTH npupoaubix (I'puamno, Boitauia, 3aonexse, Kusau,
CopraBana) u ogHON UCKyccTBeHHOU (jecocemenHast rantamus — JICIT) momynsuwmii. Beero
ObU10 OOHapykeHo 60 amienei, u3 Hux ¢ yacroroir menee 0,05 — okono 50%. Kpome Toro, Bo
BCEX HACaKJEHUSAX, 3a HCKIoueHHueM 3aoHexbs u3 llentpanbHoit Kapenuu, BbISBIIECHBI
VHHUKaJIbHbIE aliedn. MakcuMalbHOE KOJMYeCTBO aienei Obuio obnapyxkeno Ha JICII u B
1ookHOM  momynsuuu  CopraBana. MUHUMaNbHBIM — YPOBHEM  ajUIENIbHOTO — pa3zHooOpa3us
XapaKTepU30BAINCh MOMYIAUUN U3 HeHTpaidbHoU yactu Kapenuu (3aonexne, KuBau). Ananus
OCHOBHBIX ITApaMETPOB TeHETUYECKOT0 pasHooOpasus (A, ne, He, HO u Pggy,) momymnsiuii cocHbI
MOKa3aJl, YTO BCE YETHIPE HMCCIECIOBAHHBIX JIOKYca OBUTH MOJMMOPGHBI BO BCEX MOIYISIHUIX.
3HaueHUs OCHOBHBIX II0Ka3aTejeil TE€HETUYECKOW M3MEHUYMBOCTH CBUAETEILCTBOBAIU O
MUHUMAJIBHOM YPOBHE aJUIENILHOTO pPa3HO00pasus y LEHTPaTbHOKAPEIbCKUX MOIYNISIMNA I10
cpaBHeHHIO ¢ Apyrumu. CeBepHas nomynsuus ['puamHO XapakTepu3oBajlach MaKCHMAaJIbHBIMHU
napaMerpaMu  HaOm0JaeMol M OXKUAAEMOM  IeTEpO3UIOTHOCTU. JTa  MOMyJsIus,
npescTaBiacHHas SSP. lapponica, o ypoBHIO T€HETHUECKOW M3MEHYMBOCTH HE YCTyIalla JPyTruM
MOMYJISIIMSIM COCHbI OOBIKHOBEHHOMW, a IIEHTPAJIbHOKAPEIbCKUE JaKe MPEBOCXOAMIIA [0 ITOMY
nokasarento. Ocobo caenyer ormetuts JICII, rae ypoBeHb TI€HETHYECKOIO pazHOOOpasus
0Ka3aJICs OJJHUM U3 CaMbIX BBICOKHX, YTO CBHJIETEILCTBYET O JIOCTATOYHOM MPEACTaBIEHHOCTH
reHooHJa KapeibCKUX MOMYJSIUN COCHbl OOBIKHOBEHHOM Ha JIECOCEMEHHOM IIaHTaluu.
YpoBeHb HAOMI0AAEMOM T€TEPO3UTOTHOCTH BO BCEX U3YUEHHBIX KAPEIbCKUX MOMYIISIUSAX COCHBI
OOBIKHOBEHHON OBbLT HMXKE OKUIAeMOM, OCOOEHHO 3Ta pa3Hula BeiuKa (IPaKTHYEeCKU B JBa
paza) y LEHTpaJIbHOKAPEIbCKUX MOIMYJSINNA, YTO CBUJETENILCTBYET O 3HAYUTEIILHOM JAeduuuTe
reTepO3UroT B OSTHUX MOMYJIANMSX. B 1emoM, wucciemoBanHble mnomysuud P.  sylvestris
XapaKTepU3YIOTCS BHICOKUM YPOBHEM I'€HETHUECKOro pazHoobpaszus. Anamu3z AMOVA nokasain,
YTO, HE CMOTpPS Ha 3HAYUTEIbHBIC DPA3JINYUS MEXKAY KapeTbCKUMH MOIMYJSIHSIMHA COCHBI
OOBIKHOBEHHOW KaK B aJUIEIbBHOM COCTaBe, TaK U B YPOBHE TE€HETHYECKOro pazHooOpasus,
OoJbIasi 9acTh BBISIBJICHHOW M3MEHUMBOCTH MPUXOIUTCS HA Pa3IHUUs MEXIY JCPEBBHSIMH B
npeenax nomyasnuil. MeXnomyJnsluuoHHas J0JsS TeHETHYEeCKOTO pa3HooOpa3usi COCTaBIIsET
12%. KonuuecTBEHHO ypOBEHb MEXIOMYISIMOHHON TreHeTndyeckoil nudgepeHnuanum
HOMYJSAIUI COCHBI OICHMBAJIM C IOMOIIBIO BBIYMCICHHMS TE€HETHYecKoW nuctanuuu Hew.
[Tomynsiuuu  pa3fenwyinchk Ha JBa KJacTepa, I'€HETUYECKOE PACCTOSHHUE MEXAY KOTOPBIMH
okazajoch 3HauuTenbHbIM (Dn=0.21). B mepBbiif  Bomwm  reorpaguuecku  Jaeko
pacnionoxxeHHele apyr ot apyra I'puamno, CoprtaBama u Boiinuna. I[lomymsius KuBau u
JecoceMeHHas IUIaHTalMsl Takke OObeIUHMIINCh B OAMH Kiactep. HambGomnee oGocoGieHHON
oKa3zaJlach NMOMYJAIMs 3a0HEkKbe, Haxosmasics Ha pacctostHu Dy =0,26 0T 0CHOBHOM TpYIIIIBL.
Takass 0cOOEHHOCTh MOMYJISIMOHHON CTPYKTYphl BUa B MCCIEIOBAHHOW YacTH apeana MOKET
OBITH 00YCIIOBJIEHA HECKOJBKUMHU (DaKTOpamH, Cpeu KOTOPHIX BAXKHYIO POJIb UTPAET UCTOPHS
pacceeHusi COCHbl OOBIKHOBEHHOM B ITOCJIEIICTHUKOBBIA TTEPHUOI.

Paboma noooepowcana epanmom IIpocpammel  yHOAGMEHMATLHBIX — UCCIEO0BAHUL
Ipezuouyma PAH "Kueas npupooa: cogpemennoe cocmostue u npooiemsl pazeumus’” .

69



THE CURRENT STATE OF THE PINUS SYLVESTRIS GENE POOL IN KARELIA
llinov A.A., Raevsky B.V.
Forest Research Institute of Karelian Research Centre Russian Academy of Sciences;
ialexa33@yandex.ru

It has to be emphasized that present knowledge about the P. sylvestris population
structure in Karelia does not coincide with the results of intra-specific variability investigations
in provenance trials and clonal seed orchards. The same is true concerning the existing forest
seed zoning. Sufficient theoretical base for development of new programs for Scotch pine
breeding and preservation of its genetic variety in the region requires new genetic studies. Five
native populations and one seed orchard have been studied using four microsatellite primers
(Spacll,8, Spacl2,5, PtTX2123, PtTX2146) to find out the peculiarities of Scotch pine
intraspecific diversity in Karelia. Totally 60 alleles have been found and around 50% of them
had a frequency of less than 0,05. Unique alleles have been found in all populations except
Zaoneje one. The analysis of the gene diversity basic parameters of pine populations (A, ne, He,
Ho, Pggy) revealed that all investigated loci were polymorphic in all populations. Sortavala
population and Petrozavodsk seed orchard (South of Karelia) had the biggest allele numbers,
whereas the populations from Central Karelia (Kivach and Zaoneje) had the smallest ones. The
same was true for all other basic figures of gene variability in the Central Karelia pine
populations. The northern Gridino population was characterized by the highest values of the
observed and expected heterozygosity. This population belonging to ssp. lapponica was found to
have the level of genetic variability not less than the other populations of pine have and even
higher than the genetic variability levels of the Central Karelia pine populations. Petrozavodsk
seed orchard should be mentioned as having one of the highest levels of the genetic variability,
which gives evidences in favor of good state regarding representativeness of Scotch pine gene
pool here. The observed heterozigocity level of all studied Karelian populations was lower than
expected one, especially in the Central Karelia populations, where it was reduced to almost half
of that expected. This states reduction in heterozygosity when compared to Hardy-Weinberg
expectation in the studied populations. On the whole, the investigated P. sylvestris population
can be described as having a high level of the genetic variability. AMOVA analysis showed that
despite the significant differences between pine populations, considering both the allele
composition and the genetic diversity, the major part of the variety was allocated inside group.
The share of intergroup variability was equal to 12%. The investigated populations were
subdivided into two clusters characterized by substantial Neu distance (Dn=0,21). The first one
includes “Gridino”, “Sortavala” and “Vojnitsa”, while the other cluster comprises “Kivach” and
“Petrozavodsk seed orchard”. Zaoneje population was found to be the most isolated (Dn=0,26)
from the first cluster. The revealed peculiarities of Scotch pine population structure could be
caused by a number of factors especially by a specific manner of pine expansion during the last
post-glacial period.

Work is supported by a grant of the Program of basic researches of Presidium of the
Russian Academy of Sciences "Wildlife: current state and problems of development”.

COCTOSHHUE KJIOHOBBIX OBFBEKTOB KEJIPA CUBUPCKOTI'O (PINUS SIBIRICA
DU TOUR) PECITYBJIMKHU AJITAH: COXPAHHOCTH U TEPCIIEKTUBBI
CEJIEKIIUU
Nabuues F0.H.
3anagHo-cubupckuii punman Muacturyra neca um. B.H. Cykauesa CO PAH.

630082, HoBocubupck, yi. XKykosckoro, 100/1, Poccus; e-mail: yu.ilyichev2015@yandex.ru

B pecniybOnuke Antail 3HAUMTENBbHAS YacTh TEPPUTOPHUU 3aHATA KEIPOBBIMHU JIECAMH —
cocHoM KeapoBoi cubupckoit (Pinus sibirica), kotopas B Poccum cuuTaercs OmHOW U3
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XO35IMCTBEHHO LIEHHBIX JpeBecHbIX nopo. 1o yuery 2005 r. momanp keapossix jgecoB 1051.6
ThIC.TA.

Hekortopele wuccnenoBatenu cuuraroTr, 4ro B PecnyOimke AnTtail HaxoauTcs
(GUTOLIEHOTHYECKUN ONTUMYM 3TOTO BUAA, UMEIOTCS peyruyMbl TPETHUHOM (IIOPHI, B KOTOPBIX
c(hOpMHUPOBAITUCH AYTOXTOHHBIE KeApoBHUKH [KymuHoBa, 1960], a HU3KOTOpPHBIC MOMYJSIIUU
MOTYT SIBIISITBCSA IIEHTpaMu (QopMOOOpa3oBaHHA U  pe3epBallMd ILIEHHOTO TreHogoHIa
[MpomaukoB, 1974]. B mpoiecce CeneKIMOHHOW WHBEHTapHW3alMu OBLIO YCTaHOBIIEHO, YTO
Haubosee NMPOAYKTUBHbIE KEIPOBHUKU PACHOJIOKEHBI HAa CPEAHETOPhIX B CEBEPO-BOCTOYHOU
YaCcTH pecIyOJMKH, B Mpeaenax reorpadguueckux koopaunat 51°20°-52°20° c.mr. u 86°-88°20°
B.J., @ TaK K€ B CEBEPHON YacTh ANTalCKOro rocy1apCTBEHHOI'O IPUPOIHOTO 3aIIOBEIHUKA.

PaboThl M0 coxpaHEHHUIO LIEHHOTO TeHodoHaa Kenpa cubupckoro B PecnyOinke Anraid
Benytes ¢ 1980-x romos 20 B. JlJisi coXpaHeHUs TEHETUYECKUX PECYPCOB KeJpa MCIOIb3YHOTCA
JIBA OCHOBHBIX HampaBjieHus: IN SitU — coxpaHCHHE I[IEHHOTO TeHO(OHAA B MPHPOIHBIX
MeCcTOOOUTaHUsX; €X Situ — KoHcepBaius TeHO(GOHIAa BHE MPUPOJHBIX MECTOOOHTAHHSX, B
OCHOBHOM B MPUBUBOYHBIX KJIIOHOBBIX OOBEKTAX.

Ha 2014 r., B Pecnybnuke Anraii umeetcs 320 mumrocoBbix aepeBbeB (I1/1) oroOpanHbIx
Ha pa3HbIEe XO3SIMICTBEHHO IICHHBIC NMPU3HAKU, U3 KOTOPBIX 285 nepeBbeB KiIoHUpoBaHo. Ha
OCHOBE 3TOro 3aokeHo 60.9 ra pa3nu4YHbIX MPUBUBOYHBIX JiecoceMeHHbIX mnanTanuii (JICIT) —
YUCTHIX HA CEMEHOIICHHE, CMOJOMPOAYKTUBHOCTh, MPOIYKTUBHOCTH M KayeCTBO CTBOJIA U
KOMILJIEKCHBIX T10 3THM MpU3HAKaM, a TaK ke apxuBoB KJIOHOB (AK) 13.7 ra. O6miee Koinm4ecTBO
MPUBUTHIX JIEPEBHCB HAa KIOHOBBIX 00BekTax 4932 mir. BegeneHo JECHBIX TEHETUYECKHX
pe3epBoB 495.4 ra u IIIOCOBBIX HacaxaeHui 77.8 ra.

JlanHbie 00BEKTHI UMEIOT BaXKHOE 3HAYCHUE JJISi COXPAHEHUSI U PA3MHOXKEHUSI IICHHOTO
reHooHaa KeIpOBHUKOB AJTas. Pa3sHOPOAHOCTH KJIOHOBBIX OOBEKTOB IO CEJIEKTHPYEMbIM
NpU3HaKaM ¥ BCTYIUICHHE YacTH M3 HHUX B (a3y IUIONOHOIICHUS YK€ ceiuac co3maer
MEPCIIEKTUBY CENIEKIIMH O BBIACIEHUIO COPTOB-KJIIOHOB KaK Ha OTIEIbHBIC MPU3HAKH, TAK U 11O
UCCJIEJIOBAHUIO UX B3aUMOCBSI3H.

B cBsi3u ¢ BaXHOCTHIO JAaHHBIX OOBEKTOB, OONBIIOE 3HAYEHHE HMEET OIEHKa HX
COXpPaHHOCTH U cocTosiHus. K coXxajlleHuto JMHaMuKa COXPaHHOCTH OTpULIATeNbHAs H3-3a
BO3/ICHCTBUS MPUPOTHBIX (BETPOBAJIBI, TOKAPHI U JIP.) U aHTPONOTEHHBIX (PAKTOPOB.

C mavama pabot (1980 romel) k Hacrosimemy Bpemenu konudecTBo (I1[I) ¢ 456 .
ymenbminoch 10 320 wr. [Tnomans ITH ¢ 86 ra no 77.8 ra.

B Hacrosiee Bpems y JepeBbeB Ha IUIAHTALUSAX OOHAPYKEHO IOKPACHEHUE XBOU
(mexpomarnusi). B mpouecce BusyampHOro oOciemoBaHus miaHtaumid B 2011 1. OBLIO
O0OHApY)XEHO TOKPAaCHEHHE XBOW Ha OTACIBHBIX BETBSIX KpPOHBI Yy OTACIBHBIX JCPEBHEB.
[ToBTOpHOE 0OCNEAOBaHNE, TPOBEIEHHOE HAMH Yepe3 T'oJl, MOKa3alo Ha MHTEHCUBHOE YCHIICHUE
CTENEHU TOBPEXKICHUS M PACIIMPEHUE 30HBI TMOBpexACHUS T1aHTanui. [lo maHHBIM
BU3YaJIbHOTO JIECOMATOJOTHYECKOTO0 O0OCIe0BaHUsl MPOBEAEHHOTO coTpyaHukamu OI'Y
«Pocnecozanutay B 2013 T. yCTaHOBJIEHO, UTO 3HAYUTENIbHAS YacTh JEPEBHEB HAXOIUTCS B
ocnabneHHOM cocTossHUM. i coxpaHeHHs OOBEKTOB, HEOOXOAMMO TIONHOE JeTalbHOE
JIECOMATOJIOTUYECKOE 00CIeIOBaHNE U MTPOBEIEHUE XUMHUECKUX Mep OOphOBI ¢ BO3OYIAUTENIMU
00J1e3HH.

CONDITION OF PINUS SIBIRICA DU TOUR CLONAL STANDS IN ALTAI
REPUBLIC: CONSERVATION AND PROSPECTS OF BREEDING
Ilyichev J.

West-Siberian Branch of the Institute of Forest of SB RAS (Novosibirsk), Russia;
yu.ilyichev2015@yandex.ru

In Altai Republic the considerable part of territory is occupied by the Siberian stone pine
forests (Pinus sibirica). In Russia this species is considered as economically valuable. According
to the records of 2005 the area of the Siberian stone pine forests is 1051.6 thousands of ha.
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Some researchers consider that in Altai Republic there is a phytocenosis optimum of this
species, there are refugiums of tertiary flora in which autochthonous Siberian stone pine forests
were formed [Kuminova, 1960], and low-mountain populations can be the centers of a shaping
and reservation of a valuable gene pool [Iroshnikov, 1974]. In the course of selection inventory
was established that the most productive Siberian stone pine forests are located on middle
mountains in northeast part of the republic, within geographical coordinates 51° 20'-52° 20' NL
and 86°-88° 20' EL, and also in northern part of Altai Nature Reserve.

Works on preservation of a valuable gene pool of a Siberian stone pine in Altai Republic
are going since 1980th years of 20 century. For preservation of genetic resources of a Siberian
stone pine two main directions are used: in situ — preservation of a valuable gene pool in natural
habitats; ex situ — preservation of a gene pool out of natural habitats, generally in grafting clonal
stands.

For 2014, in Altai Republic there were 320 plus trees (PT) which were selected based on
the different economically valuable traits, 285 of them were cloned. On their basis 60.9 ha of
various grafted forest seed plantations (FSP) were established for seed production, resin
production, growth rate and stem quality, and also based on combination these traits, and also the
clonal archives (CA) were established 13.7 ha. Total number of the grafted trees on clonal stands
is 4932. 495.4 ha of forest genetic reserves and 77.8 ha of plus plantings were marked out.

These stands are important for preservation and reproduction of a valuable gene pool of
Siberian forests of Altai. Heterogeneity of clonal stands on selection traits and the introduction of
part from them in a seed bearing phase already now creates breeding prospect on allocation of
grades-clones both on separate traits, and on research of their interrelation.

Due to the value of these stands, the assessment of their safety and status is of great
importance. Unfortunately survival dymamics is negative because of influence natural
(windthrown trees, the fires, etc.) and anthropogenic factors.

Since the beginning of works (1980) so far the quantity (PT) from 456 pieces decreased
to 320 pieces. The area of PP decreased from 86 hectare to 77.8 hectares.

Reddening (dechromation) of needles on trees on plantations was revealed at present. In
the course of visual inspection of plantations in 2011 reddening of needles on separate branches
of crown at separate trees was revealed. The repeated examination conducted by us in a year
showed on intensive strengthening of a damage rate and expansion of a zone of damage of
plantations. According to the visual forest pathology examination conducted by the staff of
Russian Center of Forest Protection in 2013 it is established that the considerable part of trees is
in the weakened state. Preservation of stands, requires full detailed forest pathology inspection
and carrying out chemical measures of fight against infecting agents.

PEAKIHSA JUCTBEHHUIIBI CHBUPCKOM (LARIX SIBIRICA LEDEB.) HA
PAIMOAKTUBHOE 3ATPA3HEHUE JIECOB BOCTOYHOI'O TAHHY-OJIA B
PECITYBJIMKE TBIBA
HNpomnuxos A.HU.

OI'BY «Bcepoccniicknii HAyYHO-UCCIIEN0BATENbCKUN HHCTUTYT JIECHOM T'€HETUKH, CEJIEKIIUN 1
ouotexHosorun», Boponex, Poccus; ilgis@lesgen.vrn.ru

JlecHble SKOCHUCTEMBI, KaK IPaBHJIO, CTA0MJIHO BBIMOJHSIOT BaKHbIE (QYHKIHUU B
o6uocdepe mo TpaHchopManuu BHIOPOCOB TEXHOTCHHBIX TOKCHKAHTOB, B T.4. PaJMOAKTHBHBIX
BemecTB (¢ 6 aBrycra 1945 r.). YpoBeHb M MOCHEICTBUS PAIHMOAKTUBHOIO 3arps3HEHUS
OTJIENbHBIX PErMoHOB Poccuu MpoayKTamMHM MCIBITaHUS SAEPHOTO OpYXHUS B aTMocdepe Ha
CeBepHoMm n CeMHITaTaTUHCKOM IOJIMTOHAX, a TaK)Ke KPYMHbIX KatacTpod Ha ADC M aTOMHBIX
KOMOHMHAaTax — cdepa IeTalbHbIX UCCIETOBAaHUM U pa3paboTOK 3(PPEKTUBHBIX MEPONPUATUH 110
UX peaOWIMTaIllMM: OHU PETYJSIPHO OCBEINAIOTCS B MaTepuaiax HaydHbIX (OpymoOB, oTyeTax
®denepanbHBIX OPTAHOB U CYOBEKTOB PO.
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Ocobas cutyanus xapaktepHa Juist CuOupu, rae B Mepro/] MpeKpaieHns aTMochepHbIX
UCIBITAHUN B CTpaHe MCTOYHHUKOM 3arpsizHeHusi ee tepputopuu (1o 20 % obdbema cymmapHOit
MOIIHOCTH), SBHJHCHh TPOXYKTHI SOCPHBIX B3pbiBOB B 1964-1980 rr. y o03. Jlo6Hop
Cunbiasackoro paiiona KHP. B mybOnukamusx IlenTpa oOmecTBeHHOW HHGOPMAIMK 10
ATOMHOUM SHEPruM WMMEIOTCS YKa3aHWsl O MOITHOCTH OOMO M Jarax JKCIEPHUMEHTOB Ha 3TOM
noiaurone [1, 2], HO OTCYTCTBYIOT CBEICHHUS O 3arps3HCHUU KOHKPETHBIX TEPPUTOPHIA.
3amamuuBaHue (MTHOPUPOBAHKE) UX TII00ATBHBIX TOCIEACTBHIA IS 3J0POBhsI HACEIICHUS, KaK U
aKLIEHT Ha «IIpeHeOpexuMo c1adoM BO3AEHUCTBUU PATUAIMOHHOTO (akTopa Ha COCTOSHHUE
JIECHBIX 3KocucTeM» [3] TpeOyIOT peakiuu HayqHOro coodbmiectBa. O 4eM CBHIETENBCTBYIOT U
MOCJIC/ICTBHSI B3phIBa HA aTOMHOM 00bekTe Dykymuma B Snonuu B mapte 2011 r. [4].

B 1975 r. Obutn oOHapy KeHBI 3HAUYNUTENbHBIE MOP(O3bI BETETATUBHBIX M I'€HEPATUBHBIX
OpraHOB Yy JIepeBbEB JIMCTBEHHUIIBI CHUOMpPCKOW pa3Horo Bo3pacta B Bocrounom Tanny-Ona
(Tanpuuckuit necxo3 PecnyOnuku TwiBa — y 03. Yaroraii), a B utone 1982 r. ananorunyHbie
QHOMAJIUM BBISIBJICHBI M B JIMCTBEHHWYHHKaX ypouunia Xauruiab-Llar MHP [5]. TyBunckuii u
MOHTOJBCKHM  OOBEKTHl  XapaKTEPU30BAIMCH BBICOKMM  COJCPKAHUEM  PaTuOaKTUBHBIX
3JIEMEHTOB BCJICJICTBHE UCIBITAHUH siiepHbIX 00MO Ha mosmrone Jloonop 27.06.1973 r. u (wn)
17.06.1974 1. (MommuocThio 2-3 Mt m 100-1000 kr, cooTBeTcTBEHHO). Pe3ynbTarhl
UCCJIEIOBAaHUM CcTeU(PHUKU POCTa U PENPOIYKTUBHOM AEATEIbHOCTU JUCTBEHHHIIBI U APYTUX
KOMITIOHCHTOB OmoIleH03a Ha Yaroraiickom o0bekTe (Tabnwipl, rpaduku u Gorto) B 1976-2014
IT. IPEJCTABJICHbI B IOKJIA/IE.

Hcnonbs3oBanre 4eTKUX MApKEPHBIX MPU3HAKOB PaJMOAKTUBHOIO MOPAXKEHUS I€PEBHEB
JUCTBEHHHUIIBI, KAK OYEHb BBICOKOE MPEACTABUTEIHCTBO OpaxuOiacToB Ha X moderax (B BHIE
HEMPEPHIBHOW  CHOUPAJIM W OYAroBBIX  CKOIUICHWI), TIO3BOJISIET  YCKOPUTH  OTOOp
COOTBETCTBYIOIIUX 00BEKTOB. /{7151 mpoBeneHUs IUTENbHBIX (yHIaMEHTAIBHBIX HCCIEAOBaHUN
peakuuu reHodoHAa, (PHU3MOTOr0-OMOXUMUYECKMX W T'CHETHYECKHUX AaCICKTOB IPUPOIBI
AHOMAJUI y JMCTBEHHHULIBI, a TAK)KE BIMSHHUE paJuallid Ha MHTEHCU(MUKALUIO NEATETbHOCTH
SHTOMO]AroB 1eaecoo0pa3Ho OpraHu30BaTh KOMIUIEKCHBIN IEHTP B ThIBe.

1. YemoxanoB B.B., CaBenveB B.A. O BausHum saepHsix wucnbiTanuii KHP Ha
pamuoaktuBHOE 3arpsizsHeHue Tepputopun CCCP // Meteoponorust u ruaposnorus. 1991, Ne 11.

2. Hy6aco F0.B. m ngp. CemunanaTHHCKUN HUCHBITATENbHBIN TOJUIOH: OILEHUBAs
paauonorudeckue mocienacteus / M. [ITHUWarommuzaar. 20 saB. 1993. C. 22-34.

3. Caxapos B.K. Pagnoskonorus: Yueonoe nocobue. CII6. 3. «Jlanby». 2006. 320 c.

4. Bolsunovsky A., Dementyev D. Evidence of the radioactive fallout in the center of
Asia (Russia) following the Fukushima Nuclear Accident // Journal of Environmental
Radioactivity. 2011. Ne 102. P. 1062-1064.

5. UpomnukoB A.M. O peakiuu JIUCTBEHHUIIBI CHOMPCKONW Ha pPaguoOaKTUBHOCTH //
[TpoGiiems! paaroskosiorun jeca. ['omens, 2004. C. 216-219.

HNCITOJIb30BAHHME PA3HBIX CXEM CKPELINBAHUA )11 BBISABJIEHUSA
IEHHBIX TEHOTHUIIOB BEPE3BI IO IPU3HAKAM ITPOJAYKTUBHOCTHU U
YCTOMYUBOCTH K 3ACYXE
Hcaxos U.JO.}, Ucakos FO.H.%, TperyooB O.B.!

'®I'BOY BO Boponexcknii rocyapcTBEHHBIN JIECOTEXHUYECKUN YHUBEPCHUTET, Poccns;
isakov@vmail.ru
2OI'BY Bcepocculicknil HayqyHO-HCCIIEI0BATENbCKUM HHCTUTYT JIECHON T€HETUKH, CEJIEKIINU U
6uotexHoaoruu, Poccus

[MpencraBurenu ponma bepesa (Betula L.) mpouspacraioT B CeBEpHOM IONTyLIApHH,
oOnanas OOMIMPHBIM apeajoM B YMEPEHHOM M apKTHYECKUX 30HaX B EBpome, BOCTOYHBIX
paiioHax Asun u CeBepHOM AMEpPHKE M HMMEIOT BaXXHOE XO3AHCTBEHHOE M KOMMEPUYECKOE
3HaYEHHE.
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Lenpto uccnenoBanus ObUIO MPOBEACHHE MOHUTOpUHTa o0bekra Enmnoro I'eneruxo-
Cenexunonnoro Kowmiuiekca — HUCOBITaTeNbHBIX KYJIbTYp ©Oepe3 MepBOro IMOKOJICHHUS,
IIOJIyUYEHHBIX IIPU Pa3HBIX TUIAX KOHTPOJIMPYEMOTO OIBUIEHUS — MEKBUIOBOM, BHYTPUBUIOBOM,
CaMOONBUICHUH, C IEJbI0  BBISBICHHUS MEPCHEKTUBHBIX TEHOTHUIIOB [0  IpH3HAKaM
IPOAYKTUBHOCTH M YCTOMYMBOCTHU K 3aCyXe.

B 1981 romy nmpoBeneHO caMOOTBIIEHHE IBYX MECTHBIX BUAOB 0epé3 (O0epE3bl MOBHUCIION
u 0. mymwucToil), a Takke WX THOpHIM3anUs KaKk MEeXay coOod, Tak W ¢ 0. OymMakHOM, O.
MawKypcKkor, O. BUITHEBOH, 0. Oenmo-kuTalickoi. VcmbITaTeNbHBIC KYJIbTYPhl Pa3HBIX BHJIOB,
ruOpuoB U ¢opm Oepé3pl cozmansl B 298 kBaprase BOpoHEXCKOro rocynapcTBeHHOTO
npupogHoro OuocdepHoro 3amoBennuka (BITIB3) B 1984 romy. OOBEKT ucciaeqoBaHUs
pacrojoXeH B Ipeeax JeCOCTENHON 30Hbl. [I0uBbI nccienyeMoil TEpPUTOPUM TIPEICTABICHBI
CEpbIMH JIECHBIMU MECYAHBIMH, NMOACTUIAEMBIMU CYTJIMHKOM B KOMIUIEKCE C JE€PHOBO-JIECHBIMU
MOJICTUIAEMbIMH TIOYBAMH CO BTOPBIM TEMHOOKpPAILIEHHBIM TOPU30HTOM, I[OJCTUIAEMbIMU
CYTJIMHKOM.

WNuBenTapu3anus KynbTyp npoBoauiack B Bospacre 5, 10, 13 u 32 ner (8 2014 rony). B
uenaoM no ydactky B 2014 rogy uz 1570 nocamodynsix mMecT xKUBbIMU ocTanuch 510 nepeBbeB
(32.5 %). 13 mux 360 mepeneB (70.6 %) — 3TO AepeBbs 0ObUHOTO MOpdoTuna (HaTHUUE
HETOBPEXKAEHHON KPOHBI, CTBOJA, BeTBel), a y 150 nepeBbeB (29.4 %) — yacTHUHOE WIIH MTOJTHOE
yChIXaHHE CTBOJIA M HAIMYHE TIOOETOB U3 CIISIIUX WM MPHUIATOYHBIX TTOYEK.

AHanu3 KOHKPETHBIX KOMOMHAIINI KOHTPOJIUPYEMOTO OMNBIJICHHS MOKa3all cienyolee. Y
0epé3bl MOBUCIION IPU CaMOOTIbUIEHNH MTpOaHann3upoBano 24 cembu (137 nepesneB), 38 U3 HUX
(27.7 %) coxpanuiuch kuBbIMU. [Ipu CBOOOIHOM OMNMBLICHUH 3TOrO BUaa — 77 aepeBbeB (26.6
%). ¥V 6. nymmctoil coxpaHHocTh noromctBa y 20 cemeil (118 nepeBbeB), MOIYy4YEHHOTO OT
camoonbUieHus, coctaBuna 53 gepeBa (45 %). B 21 cembe (218 mepeBbeB) OT CBOOOIHOTO
onbuteHuss 101 nepeBo (46 %) ocramuch *uBbiMH. B 1meiaom y 0. MyHmIMCTONH COXPAaHHOCTb
JepeBbEB BhIlIE B 1.6 pa3a, ueM y 0. MOBUCIIOW; OJHAKO HU y 0. MOBUCIOHN, HU Yy 0. MYIIHCTON
Croco0 OIbUIEHUS HE OKa3aJl JOCTOBEPHOI'O BIIMSHMS Ha COXPAHHOCTb ceMeW. Y rudpujoB Ha
OCHOBE 0. MOBHUCIION coxpaHmIoch 35 % rubpuioB, a Ha ocHoBe 0. mymmucToi — 40 % c 6ombIIOoi
BapHa0eIbHOCTBIO MO KOHKPETHBIM TOKa3aTeslsM ckpeiuBaHus. COXpaHHOCTh MOTOMCTB 3-X
pacce4eHONUCTHBIX (opM 0. MOBUCIION OT CBOOOIHOTO OMbUIeHUs cocTaBuiaa 25 %, 5.9% u 12 %
npu cpeaneM 16.5 %.

B pesynbrate nccrnenoBanuii: 1. BelsiBieHbl ceMbr OepEé3bl MOBUCION U 0. MyLIUCTOH, a
TaK)K€ TIOJIYYEHHBIX Ha HMX OCHOBE TMOpPUIOB, NPOSBUBIIMX YCTOMYMBOCTH K 3acyxe; 2.
OT00paHo 28 nmepcrneKTUBHBIX T€HOTUIIOB MO MOKa3aTeNIsIM pOocTa U YyCTOWYMBOCTH K 3acyxe, U3
KOoTOphIX 20 — Gepe3bl noBucioi (3 — oT camoonblieHus, 12 — 0T cBOOOJHOrO OMbUIEHUS U 5
ruOpuAHbIX) U § — 0. mymucToi (3 — OT caMOOMbUIeHHUs, 2 — OT CBOOOJHOTO OMBUICHUS U 3 —
rudpuaa). OHM PEKOMEHIYIOTCS AJIs CO3/1aHUs TUIAHTAlMOHHBIX KYJBTYp 1€JIEBOI0 Ha3HauEHUs
u JICII meToraMu BereTaTUBHOTO pa3MHOXKEHHUS (B T. Y. C HCHOJIb30BaHUEM OMOTEXHOJIOTUH).

USING DIFFERENT BREEDING SCHEMES FOR DETECTION OF VALUBLE BIRCH
GENOTYPES ON THE BASIS OF PRODUCTIVITY AND DROUGHT RESISTANCE
Isakov 1.Yu.}, Isakov Yu.N.2, Tregubov O.V.!

G.F. Morozov Voronezh State University of Forestry and Technologies, VVoronezh, Russia;
isakov@vmail.ru
?Research Institute of Forest Genetics, Breeding and Biotechnology, Voronezh, Russia

Members of the genus Birch (Betula L.) grown in the northern hemisphere, possessing
extensive habitat in the temperate and arctic regions in Europe, the eastern regions of Asia and
North America and have great economic and commercial importance.

The aim of the study was monitoring of the object of Unified Genetic Breeding
Programs-Test cultures of birches of the first generation produced in different types of controlled
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pollination-interspecific, intraspecific, selfing, to identify promising genotypes on the basis of
productivity and resistance to drought.

In 1981 self-pollination of two native species of birches (Betula pendula and Betula
pubescens) and their hybridization was carried out, both among themselves and with Betula
papyrilera, Betula manshurica (Regel.) Nakai, Betula lenta, Betula albo-sinensis. The test
cultures of different species, hybrids and forms of birch were created in 298 quarter of the
Voronezh State Nature Biosphere Reserve (VSNBR) in 1984. The object of study is located
within the steppe zone. Soils of investigated area are represented by gray forest sandy soils,
buried loam in combination with sod-forest buried soils with the second dark-colored horizon,
buried loam.

Inventory of cultures was performed at 5, 10, 13 and 32 years old (2014). In general, the
area in 2014 from 1570 planting points, 510 trees (32.5%) were alive. Of these, 360 trees
(70.6%) - trees of common morphotype (presence of intact crown, trunk, branches), while 150
trees (29.4%) - partial or complete drying of the trunk and the presence of shoots from dormant
or adventitious buds.

Analysis of specific combinations of controlled pollination showed the following. 24
families (137 trees) of Betula pendula in self-pollination were analyzed, 38 of them (27.7%)
remained alive. At free pollination of this species - 77 trees (26.6%). At Betula pubescens safety
of progenies in 20 families (118 trees), received from the self-pollination, was 53 trees (45%). In
21 families (218 trees) of open pollination 101 trees (46%) remained alive. In general, the
preservation of trees of Betula pubescens is 1.6 times higher than that of Betula pendula;
however neither Betula pendula's nor Betula pubescens’s method of pollination did not have
significant effect on the safety of families. Hybrids based on Betula pendula remained 35%
hybrids, and on the basis of Betula pubescens - 40% with a high variability of specific indicators
of breeding. Safety of progenies of 3 cut-leaves forms of Betula pendula from open pollination
was 25%, 5.9% and 12%, with an average of 16.5%.

As a result of research: 1. Families of Betula pendula and Betula pubescens were
revealed, and their hybrids, resistant to drought, received on their basis; 2. 28 promising
genotypes in terms of growth and drought resistance were selected, of which 20 — Betula
pendula (3 — from self-pollination, 12 — from the open pollination and 5 — hybrids) and 8 —
Betula pubescens (3 — from self-pollination, 2 — from the free pollination and 3 — hybrids). They
are recommended for the establishment of plantation crops of target purpose and FSP by
methods of vegetative propagation (including with the use of biotechnology).

OIIEHKA ®EPTHJIBHOCTH JEPEBBEB COCHBI OFBIKHOBEHHOM HA
OBBEKTAX IVICB
Hcakos IO.Hl., Hcaxos N.10.”
'OI'BY Bceepocculickuil Hay4YHO-HCCIIEI0BATENbCKUM HHCTUTYT JIECHOU T'€HETUKH, CEJICKLIIUU U
ouorexnoisioruu, Poccust; isakov@vmail.ru
2 ®I'BOY BO Boponexckuii rocyapCTBEHHBIN JIECOTEXHUYECKUN yHUBEpCUTET, Poccus

Onenky  QepTunbHOCTH  (CHOCOOHOCTHM  pacTeHUl  MPOU3BOAUTH  MOTOMCTBO,
IUIOJIOBUTOCTh) TPOBOJWIM C HCIOJB30BAaHUEM pa3HbIX CIOCOOOB OMNBLICHHS, CaMO- U
CBOOOJTHOTO, TMEPEeKPECTHOro (TUOpuam3anusi), a TakXKe OIBUICHUS CMEChIO MBUIBIBI
(camouyxeponHoe onblUieHHe). lccrmenoBaHuss TPOBOAMIM Ha CHELUUATbHO CO3JIaHHBIX
CTallMOHAPHBIX 00BEKTaX MOCTOSHHOM JiecocemenHo# 0a3bl ([IJICB) cocHbl 00ObIKHOBEHHOM: 1.
['eorpaduyeckux KynbTypax, CO3JaHHBIX T0A pykoBoiacTBoM M.M. Bepecuna; 2.
HcnpITaTenbHbIX KyIbTypax THOpUIOB U MOIycuOcoB; 3. McnbiTaTenbHBIX KYJIbTypaxX MOTOMCTB,
MOJIyUEHHBIX TIPU caMo- U CBOOOJHOM OIBUIEHWH MaTepuHCKUx nepeBbeB (MJI); 4.
HcnbITaTenbHbIX KylIbTypax HOTOMCTB MJI, MONApHBIX MO YpPOBHIO camMO(epTUIBHOCTH,
BBIPAICHHBIX M3 CEMsH, 00paOOTaHHBIMU XMMHUYECKUMH MyTareHamu; 5. Apxuse ki1oHOB M/,
paznnyaromuxcst yposHeM camodeptunbHocty; 6. [IJICY.
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HenocpeacTBeHHBIM 00BEKTOM H3yUEHUS SBISIETCS 3pelias MIUIIKA YPOKAEB PA3HBIX JIET,
HaunHas ¢ 1974 roma, KOTOpbIE BKJIIOYAIOT KaK CpeIHHE («OOBIYHBIE») MO TEMIIEPATYPHOMY
PEXKUMY TOJIbl, TAK U TOJAbI C BEICOKOM U HU3KON COJTHEYHOM aKTUBHOCTBIO (CTPECCOBBIE TOIBI).
W3y4aemble MpU3HAKU — YUCIO TMOJHBIX, IIYCTHIX U HEJOPA3BUTHIX CEMSIH, IMOJTHO3EPHUCTOCTD,
KOdpUIMeHT caMOpEePTUILHOCTHA, BCXOXKECTh CEMSH, POCT U COXPAaHHOCTh ITOTOMCTBA,
UTOTEHETHUYECKHE TTOKA3aTelH.

BrusiBiiena crienuguka nposiBIeHUs ypoBHA (EPTUIBHOCTH Ha pa3HbIX oObekTax. Tak,
9KOJIOTO-T€HETUYECKUIT MOHUTOPUHI CHUCTEMbl CEMEHHOTO Pa3MHOXKEHUS B HCIBITATENbHBIX
KYJIbTypax THOPUAOB M MOXycuOcoB 3a 8 mocienoarenbHbIx Jer, 2006-2013 (640 ydeTHbIX
nepeBbeB, okoo 5000 mmineK) BeISIBUI clieayroliee. MI3MeHUYnBOCTh MOKa3aTeNIe 3a 3TH TObl
Konebanach JUIsl CPEAHEr0 4YHCIa TMOJHBIX ceMsH B mmmmke oT 1.1 mo 25.7 mr.,
noyHO3epHUCTOCTE — OT 1.8 1o 83 %. Ecim 1oiid MOJAHBIX CEMSH B CTPYKTypE ypoxas
COOTBETCTBOBAJIa B CPEJHEM IOJIHO3EPHUCTOCTH, TO MPOLIEHT MYCTBHIX CEMSH HU3MEHSUICS IO
roaam ot 10.2 no 57.8 %, nenopa3zButhix — oT 6.9 10 29.5 %, a cyMMa NyCThIX U HEJIOPA3BUTHIX
cemsH — ot 17.5 mo 87.3 %. U3 3-x 3acyx (2007, 2010 u 2012 rr.) Becennsist 3acyxa 2007 r.
IpuBeNia K PeayKIMH ypoxKasi ceMsiH B mumike B 1.6 — 2.3 pa3a, HO Okazajia CTUMYIHUpPYIOLIee
BIMsHUE Ha ypoxail mmumek B 2008 roay. B aToT ke nepuoa nerHe-ocennss 3acyxa 2010 rona
Obl1a caMOil CHIIBHOHM Cpequ APYruX, OJHAKO B 3TOT TOJ BBIXOJ MOJHBIX ceMsH — 15.6 mT. Ha
HIUIIKY, a TTOJTHO3EPHUCTOCTh — 65 % He corjacyercs ¢ CHJION (PKCTpEeMalbHOCTBIO) CTpecca.
Kak BesicHunocs, 3acyxa 2010 roma okaszana xatacTpouueckoe Mocle[eiicTBie Ha MPU3HAKU
ceMeHHOU npoaykTuBHOCTU B 2012 roxy, KOTOpoe Mbl OOBSICHSIEM TEM, UYTO B JIETHE-OCEHHUN
MEPUOJ] BETETAIlMH Yy COCHBI MMPOUCXOIUT 3aJI0KEHUE PEIPOYKTUBHBIX OPTraHOB, U B 3TO BpeMs
OHA OYCHb YYBCTBHUTEIbHA K BIIMSHHUIO BHEIITHUX, OCOOCHHO CTPECCOBBIX BO3IACHCTBHIA.

BrnepBbie mokazaHa NEepPCHEKTUBHOCTh HCIONB30BaHUS MOIUMOpGU3Ma IO YPOBHIO
caMO(pEepTUIBHOCTH W JKCIpPecCHH pPHOOCOMATbHBIX TI'eHOB (OLIEHMBAaEMOM 1O YacToTe
BCTPEYAEMOCTH BTOPUYHBIX MEPETSHKEK) MPU MOI00PE POAUTENBCKUX Tap s Tudpuan3anuu. B
JOKJIaze OyayT MPEACTAaBICHBI MaTePUANBI MO CHEU(PUKE MPOSIBICHUS YPOBHS (EpTUIHLHOCTH
Ha npyrux oObektax I[IJICB. B 1enom BbISIBIEHO HEOJHO3HAUYHOE BIUSHUE OOBIYHBIX U
CTpecCOBBIX (PakTOpoB Ha (GEPTHIBHOCTh JI€PEBHEB, OOYCIOBIEHHYIO pa3HOM CTENEHBIO
MOJABUKHOCTH CHCTEMBI CEMEHHOTO pa3MHOXEHHUs (T.e. U3MEHEHHWEM €€ MapaMeTpoB B
oHTorexnese). Iloaromy cuctemMy CeMEHHOro pa3MHOXKEHMS NMPEAJIOKEHO paccMaTpUBaTh Kak
«MHCTPYMEHT», KOTOPbIM MOTEHUUATBHO 3a/1a€T, Y€pPe3 T€HOTHUIl U PEATTU3YEeT Yepe3 SMUTECHOTHUIT
aJaNnTUBHBIA TOTEHIMAJ HACJEICTBEHHOTO pa3HooOpa3usi [E€peBbEB B 3aBUCUMOCTU OT
U3MEHEHUS YCIIOBUN BHYTPEHHEN U BHELIHEH CPEbI.

FERTILITY ESTIMATION OF SCOTS PINE ON THE AREAS OF PERMANENT
FOREST SEED STANDS
Isakov Yu.N.!, Isakov I.Yu.?
'Research Institute of Forest Genetics, Breeding and Biotechnology, Voronezh, Russia
°G.F. Morozov Voronezh State University of Forestry and Technologies, VVoronezh, Russia;
isakov@vmail.ru

The fertility estimation (ability of plants to produce progeny) was conducted using
different methods of pollination: self-pollination, open pollination, cross-pollination,
(hybridization) and mixed pollination.

Research was conducted on the special areas of permanent forest seed stands of Scots
pine: 1. Provenance trial plantations, created under the direction of M. M. Veresin; 2. Test
plantations of hybrids and half-sibs; 3. Test plantations of progenies obtained by cross-
pollination and self-pollination of the parent trees; 4. Test plantations of progenies of the parent
trees with the diametrically opposed level of self-fertility; grown from the seeds treated with
chemical mutagens; 5. Cloning plantations of parent trees with different level of self-fertility; 6.
Constant seed plantations.
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The object of study is a ripe pine cone of different seasons starting with 1974, including
both the average (or normal) temperature years and high or low solar activity years (years under
stressful conditions). The characteristics under investigation are: the number of full, empty and
aborted seeds, seed fullness, the coefficient of self-fertility, germinating ability of seeds,
offspring growth and survival capacity, cytogenetic characteristics. The specific characteristics
of fertility level on different areas has been shown. The ecological-genetic monitoring of seed
propagation system on the test plantations of hybrids and half-sibs during 8 consecutive years
(2006-2013, 640 accountable trees, about 5,000 pine cones) has revealed the following. The
variability of characteristics during these years fluctuated for the average number of full seeds
per cone — from 1.1 to 25.7, for seed fullness — from 1.8 to 83 %. As for the proportion of full
seeds in crop structure it corresponded to the seed fullness whereas the percentage of empty
seeds varied from year to year from 10.2 to 57.8 %. In respect of the percentage of aborted seeds
it varied from 6.9 to 29.5% and total number of empty and aborted seeds — from 17.5 to 87.3 %.
There were 3 drought seasons (2007, 2010 and 2012), the spring drought of 2007 caused the 1.6
- 2.3 times reduction of the seed production per cone, while having a stimulating effect on the
cone production in 2008. The most severe during this period was the summer drought added with
autumn drought of 2010. Nevertheless the full seed efficiency that year was 15.6 units per cone
and seed fullness — 65% does not correspond to the stress level. It transpired that the drought of
2010 has had a catastrophic aftereffect on the seed production characteristics of 2012. We refer
that to the fact that during the summer/autumn vegetation period pine reproductive organs begin
to develop, and at that time pine trees are very sensitive to external, especially stressful
influences.

The application perspectiveness of the level of self-fertility polymorphism and ribosomal
gene expression polymorphism (rated by the occurrence of secondary constrictions) for the
selection of parental combination for hybridization has been shown for the first time. The report
will present materials on the specificity of fertility level characteristics on the areas of constant
forest seed establishment. On the whole an ambiguous influence of normal and stress factors on
tree fertility conditioned by degree of freedom of seed propagation system (i.e. it’s changing
characteristics in ontogeny) has been revealed. Therefore, it has been suggested that the seed
propagation system should be considered as a «tool», which through the genotype potentially
sets and translate into action the adaptive capacity of hereditary diversity of tree depending on
the changing internal and external environment conditions.

HACJIEAYEMOCTD BBICTPOTBI POCTA ITOJIYCUBCOBBIM IIOTOMCTBOM
BEPE3bl B CEBEPHOM KA3AXCTAHE
KabanoBa C.A.l, Jdan4deHnko A.M.Z, Jlan4enko M.A.?
! Kasaxckuit HUU necHoro xo3stiicTBa, lyunuck, Kaszaxcran; Kabanova.05@mail.ru
2 ToMcKwmiA roCyAapCTBEHHBIN yHUBEepcuTeT, ToMck, Poccus

W3ydeH pocT monycMOCOBOTO TOTOMCTBA IUTIOCOBBIX JIepeBbeB Oepe3bl B
UCTIBITATENBHBIX KyJIbTypax. HaOmrogeHus 3a X0I0M pocTa MOTOMCTBa OTOOPAHHBIX JIEPEBbEB
IpoBe/IeHbl 10 Bo3pacTa 25 net. IIpenBaputenbHO MPOBEIEH AMCHEPCHOHHBIN aHaIM3 pocTa
MIOTOMCTB Oepe3bl MOBHUCIION U Oepe3bl MYIIMCTON B UCTIBITaTeNbHBIX KYJIbTypax. B pesynbrare
OIIpEJIENEHO0, YTO BHABI Gepesbl pasinuuuii B pocte He MMET (Fpue 2,0 <Fos = 5,0). Dro
MO3BOJISIET MPOBOAWUTH CPABHUTEIbHBIN HHIUBHUIyaldbHbIM aHanu3 ceMmeil 0e3 ydera BHUJIOBOU
HPUHAIEKHOCTH.

N3meHunBOCTh pacTeHMi o AMaMeTpy B Bo3pacTe 2 JIeT Oblia oueHb BbIcoKas (0osee
40%), BbIcOTa pacTeHMH BapbUpOBaja Ha BBICOKOM ypoBHe. K 25-metHemy Bo3pacTy
U3MEHYMBOCTh B Tpejesiax ceMel 3aMeTHO cHu3miachk. KoaduuueHt Bapuanuu aumaMmerpa
CTBOJIOB HAaxXOJWICA B TpeJenax CpeJIHEro M BBICOKOI'O YPOBHEHW, a BbICOTAa pPAaCTEHHM
Konebamace B Tpenenax HHU3KOTO M cpenHero ypoBHeH. OOBIYHO Takas W3MEHYMBOCTH
XapakTepHa U JUIsl €CTECTBEHHBIX HACAKCHUI B BO3pacTe CIEIOCTH.
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KomnekcHast olieHka pocTa ceMeil B BBICOTY C YUETOM TEMIIa MPUPOCTa MoKas3aia, 4YTo
HanOoJiee IeHHBIMU SIBISIOTCS ceMbd 97, 124 u 3. Ecnm oumeHuTh CBSI3b MEXIY PaHTOBOU
OILICHKOW MOTOMCTB IO BBICOTE M AUAMETPY, TO Kod3pduuuent xoppemsuuu pasexn 0,807. 3to
TOBOPHUT O TOM, YTO CEMbU UMEIOT OJJMHAKOBYIO OLICHKY KaK IO BBICOTE, TaK U [0 IUAMETPY.

Ha ocHoBaHuu ananusa XxoJa pocta MaTEPUHCKUX JEPEBBLEB MPOBEIEHA KOMILIEKCHAs
OIIEHKa MO POCTYy B BBICOTY M o nuametpy. [lo oOmieil ounenke Hanbolsiee HEHHBIMH ObLIN
MaTepuHcKue nepeBbs 97, 186, 124 u 86, U3 KOTOPHIX /1Ba iepeBa pOMOOBUIHOTPEIINHOBATHIE
(97, 86), omno pnepeBo rpybokopoe (186) m mepoxoatokopoe (124). IlpakTuyecku
O/IMHAKOBBIE XapPaKTEPUCTUKH OLEHKU MOJyYeHbl U 1o AuameTpy. OlLieHKa CBS3U PaHIOB
ponuTeneil — MOTOMKOB IMOKa3bIBaeT, YTO OKOJIO 25 % MaTepUHCKUX JEPEBbEB U IOTOMKOB
UMEIOT Onn3Kue mokasarenu (rs = 0,5) paHros.

WuTepecHo mpocieanTs perpeccur0 MOTOMKOB Ha POJUTENICH MO BBICOTE U AUAMETPY.
Tak, B Bo3pacte 5 ner kodpduiment perpeccuu 6ni1 paser 0,025, B Bozpacte 10 ner — 0,203, B
15 ner — 0,01 uB 25 nmer — 0,252. CnenoBarenbHO, KOADPHUIIMEHT HACIEAYEMOCTH B Y3KOM
cMbIcie 1o 3tuM nepuogam usmensuics ot 0,02 no 0,54. OTcyrcTBHE perpeccu MOTOMKH —
pPOIUTENHU B BO3pACTE 5 JIET, OYEBUIHO, MOKHO OOBICHHUTH TEM, UTO pa3BUTHUE MOTOMCTBA Ha
OaronpusATHOM arpooHE [aBajO0 BO3MOXXHOCTh pEalM30BaTh CBOM BO3MOXHOCTH 0e3
JUNIHUX TToMeX (OTCYTCTBHE KOHKypeHIuu). [IpoBan B Bo3pacte 15 jeT MOXHO OOBSCHUTH
HagasioM JuddepeHnmanum ceMed Mo BBICOTE H3-3a CKIIAJBIBAIONICHCS KOHKypeHmun. K
BO3pacTy 25 5eT mpousonuia crabuiu3anus U Haumbojee KOHKYPEHTHOCHOCOOHBIE CEeMbH
3aHSUTH TOCIIOJICTBYIOIIEE MOJOXKEHUE (KaK M WX MaTEPUHCKHE PACTCHHS B €CTECTBEHHOU
MOMYJISIUN).

C HEKOTOphIM CIBUIOM Takas *e€ 3aKOHOMEPHOCTb HalOJIoJanach U MO AUAMETPY
cTBojia. B Bo3pacte 5 mer perpeccust moToMkoB Ha poxutenei Owuta 0,01, B 10 mer — 0,06, B
15 ner — 0,167, a B 25 ner — 0,01. OueBuaHo, o auaMeTpy cTaOWUU3alMs HACTYNHUT B
HECKOJbKO TO3AHeM Bo3pacte. [lpuumHy cTONB paznuyaromuxcs Ko3(p(GUIHUEHTOB
HAcle[yeMOCTH B Y3KOM CMBICJIE CIEAYyeT MCKATh BO BJIUSHHUHU, HApSIAy C aJIUTUBHBIMHU
reHaMU, Pa3HOM CTETIeHH TIOMUHUPOBAHHUS, CBEPXIOMUHUPOBAHUS U B UICKAKEHUSX, BHOCUMBIX
OYEHb BBICOKOM (PEHOTUIMYECKON Koppensuuend mnoiycuocoB (Koppensiuus poIUTENH-
nmoromku B 10 mer — 0,305, 8 15 ner — 0,07 u B 25 ner — 0,73 BUOAMMO H3-3a CHUIBHOI'O
BIIUSIHUS MaTepel, HKOJOTHYECKOTO TOCIEACTBUS M BIHMSHUS OONIHOCTH CPEAbl), a TaKKe
peakiuei moycuOCcoB Ha KOHKPETHBIE YCIIOBUS BHEIIHEH cpenbl. Heo0X0AuM0 OTMETUTH U
TOT (PaKT, 4TO POCT MOTOMCTBA 3HAYUTEIHHO MPEBBINIAET POCT MATEPUHCKHUX JICPEBHEB B TOM
ke Bo3pacte: B 10 ner B 1,64 pasa, B 15 ner — 1,34 u B 25 ner — 1,14 paza. I[locnencreue
OaronpusiTHOTO arpooHa COXpaHseTCs 10 25-TeTHETO BO3pacTa.

HEREDITARINESS OF THE GROWTH RATE OF THE HALF-SIB BIRCH PROGENY
IN THE NORTHERN KAZAKHSTAN
Kabanova S.A.}, Danchenko A.M.?, Danchenko M.A.2
'Kazakh Research Institute of Forestry and Agroforestry, Shchuchinsk, Kazakhstan;
Kabanova.05@mail.ru
’State University of Tomsk, Tomsk, Russia

There was studied the growth of the half-sib progeny of the best trees of the birch in
the trial cultures. Observations for the growth development of the progeny of selected trees
were carried out up to the age of 25 years. A dispersion analysis of the growth of the
progenies of the silver birch and the downy birch was made preliminary in the trial cultures.
As a result of the studies there was determined that the varieties of the birch had no difference
in growth (Fawa 2.0 <Fgs = 5.0). It allows carrying out a comparative individual analysis of the
families without taking species characteristics into account.

Variability of the plants by diameter at the age of 2 years was very high (more than
40%), the height of the plants varied at a high level. By the age of 25 years the variability
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within the families reduced noticeably. The coefficient of variation of the diameter of the
trunks was within the average and the high levels, and the height of the plants fluctuated
between the low and the average levels. As a rule, such variability is typical for natural stands
at the age of maturity.

Integrated assessment of the growth of the families in height, taking into account the
rate of increment, has shown that families 97, 124 and 3 are the most valuable ones. If we
compare the connection between the rank assessment of the progenies by the height and the
diameter, we shall see that the correlation coefficient is equal to 0.807. It points out that the
families have an equal assessment both by the height and by the diameter.

On the basis of the analysis of the growth development of the maternal trees we shall
carry out their integrated assessment according to the growth in height and the diameter and
compare it with the results of the tests of their families.

According to the general assessment, among the most valuable maternal trees there
were trees no. 97, 186, 124 and 86, of which two trees had a rhomboid and fissured bark (97,
86), one tree had a coarse bark (186) and one tree had a rugged bark. Practically the same
characteristics of the assessment were received according to the diameter. The assessment of
the connection of ranks of parents — progenies shows that about 25% of the maternal trees and
progenies have the similar indices (rs = 0.5) of ranks.

It is interesting to trace the regression of the progenies on their parents by height and
diameter. So, at the age of 5 years the regression coefficient was equal to 0.025, at the age of 10
years — 0.203, at the age of 15 years — 0.01 and at the age of 25 years it was equal to 0.252.
Therefore, the coefficient of hereditivity, in the narrow sense, according to these periods,
changed from 0.02 to 0.54. The absence of regression “progenies-parents” at the age of 5 years
can be explained by the fact that the development of the progeny against the favorable
agricultural background gave the possibility to realize its potential without additional
impediments (the absence of competition). The reduction at the age of 15 years can be
explained by the beginning of differentiation of the families by the height because of the
developing competition. By the age of 25 years there took place stabilization and the most
competitive families occupied a dominant position (as well as their maternal trees in natural
population).

With some shift such regularity was observed according to the diameter of the trunk. At
the age of 5 years the regression of the progeny was equal to 0.01, at the age of 10 years — 0.06,
at the age of 15 years — 0.167 and at the age of 25 years it was equal to 0.01. It is obvious, that,
according to the diameter, stabilization will take place in an older age. The reason of such
differing coefficients of hereditivity, in the narrow sense, should be looked for in the influence
(in comparison with additive genes) of different degree of domination, over dominance and
distortions which are introduced by a very high phenotypic correlation of the half-sibs
(correlation “parents-progenies” at the age of 10 years is equal to 0.305, at the age of 15 years -
0.07, at the age of 25 years — 0.73, obviously, because of the strong influence of “mothers”,
ecological consequences and the influence of the environment) as well as by the reaction of the
half-sibs to the specific condition of the environment. It is necessary to pay attention to the fact
that the growth of the progeny considerably exceeds the growth of the maternal trees at the same
age: at the age of 10 years there is the exceeding in 1.64 times, at the age of 15 years —in 1.34
times and at the age of 25 years there is the exceeding in 1.14 times. The consequence of
favorable growth conditions lasts up to 25-year-old age.

O CO3JAHUU U COCTOAHNU OB BEKTOB EJJMHOI'O TEHETUKO-
CEJIEKIIMOHHOT' O KOMILJIEKCA AJITAMCKOI'O KPAS U PECIYBJINKH
AJITAH
Kanbuenko JI.U., bongapes A.5., I'oabuenko C.B.

Poccuiickuit nenTp 3ammrsl eca — L{eHTp 3amuTel neca Anraiickoro kpas, baprayn, Pocens;
altcanis@mail.ru; altay-Iss@yandex.ru

K 60-70-m rr. XX Beka IICHHbIE JIECHBIE MAacCHUBBI PECHYOJUMKHM W Kpas OKa3aJlucCh
CYILIECTBEHHO HUCTOUICHHbIMU. [loSBUJICS pUCK YyTpaThl LIEHHON 4YacTH reHO(OHAAa OCHOBHBIX
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necoobpa3yromux Mmopoa (COCHBI OOBIKHOBEHHOH, KEAPOBOW M JUCTBEHHHIIBI CHOUPCKON) U
CHIDKEHUS T10 3TOM MPUYWHE MPOJAYKTHBHOCTH M YCTOMYMBOCTH ITHX HacaKJaeHUU. PaboThI mo
COXPaHEHHIO U KOHCEPBUPOBAHMIO IIEHHOTO T'€HO(OHAA JPEeBECHBIX Mopo] HauyaTel ¢ 1970 r.
[Tocne koHcepBanuu reHooHAA pa3pabOTaHbl U YTBEPKACHBI MPOTPAMMBI 110 CO3JaHUIO
IOCTOSIHHBIX ~ JIECOCEMEHHBIX  IUIaHTanmid. Hactosmias pabota mMOCBsIIEHa  UCTOPUU
(bopMUPOBAHUS U COCTOSTHUIO O0OBEKTOB €IMHOTO I'eHeTHKO-ceneKinoHHoro kommuiekca (EI'CK).

B cBs3u ¢ peopranmzanueii B 2000 r. deaepanbHOi cykO0bI JIecHOT0 Xo3siicTBa Poccun
Y IPUCOEAUHEHHEM JIECHOW OTpaciu K MUHHCTEPCTBY NPUPOIAHBIX pecypcoB Pdcnoxunacek
KPU3UCHAS CUTYAIHs U IPOJODKEHUS padOT MO JIECHOMY CEJICKIIMOHHOMY CEMEHOBO/ICTBA U3-
3a yxyauieHus: puHancupoBaHus. B cBsi3u ¢ 3TuM Obuta pazpadoranadenepanbHasi MPOrpaMMbl
«O (uHAHCUPOBAHHMH JIECHOTO CEJIEKIIMOHHOTO CEeMEHOBOJCTBa» Ha mepuwon 2005 —2014 r.r.
[TostHOMOYMS 110 BBINOJHEHHUIO 3TOM IpPOrpaMMBbl 3aKpenuiu 3a otnaenamu «JlecocemenHas
cranmusi»y B ¢unmanax «Pocnecozamutely. CHENUanWCTBl 3THUX OTACIOB  OKa3bIBAIH
KBAIM(ULUMPOBAHHYIO TIOMOIIb  YIPABICHHUIO JiecaMu AJTalicKoro kpas ¥ MUHHCTEPCTBY
JecHOro xo3siictBa PecnyOnuku Anrtait B MOATOTOBKE IJIaHOB pabOT U CMET Ha CoJIep KaHue
00bexkToB EI'CK, cocobcTBOBaM yBETMYEHUSI aCCUTHOBAHHUM M3 (efepalibHOro OroKeTa Ha
st 1enu. Ilo ykaszanHoi nporpamme 3a 10 net AnralickoMy Kparo ObLIO BblAeNeHO Oonee 12
MIIH. py0., Pecnybnuke Aunrait — 9 muH. py6. 3a cuer 3tux cpenctB Ha oobekrax EI'CK mo
TOCKOHTpAaKTaM BBINIONHEHBI paboThl: B AJjTaiickoM Kpae Ha ruiomanu okoio 800 ra; B
PecnyOmukn Antaii — Ha 400 ra. CrnenuamucTsl OTAeNa PErysipHO MPOBOIMIN MPOBEPKH
UCIIOJIHEHUSI PabOT Ha 0OBEKTAX JIECHOIO CeMEHOBOJCTBA. OHOBPEMEHHO 3a MOCJEIHUE CEMb
net otaenoM «JlecocemeHHas ctanius» nposeneHsl oocnenoBanus EI'CK: B Anraiickoro kpas
Ha momaau 2740 ra; B Pecmybnuke Anraii —865 ra (mo 61 % ot obmei miomanu EI'CK B
KaXJIOM CYOBEKTe); a TaKKe 00CIIeOBANIN TUTFOCOBBIE IepeBbs 222 1 248 mTYK COOTBETCTBEHHO.
[Io He3aBUCHMBIM OLIGHKAaM YUYEHBIX COCTOSHME OCHOBAHHBIX JIECOCEMEHHBIX OOBEKTOB
(Ozepckoro u [TspkuHCKOTO (Tenenkoro) oneHUBaeTcs: Kak yAOBIETBOPUTEIBHOE.

B cBsa3u ¢ npunstuem @enepansHoro 3akoHa Ne27-@3 or 12.03.2014 r. «O BHeceHMH
W3MEHEHUN B OTHEJIbHBIE 3aKOHOJaTeNnbHble akThl Poccuiickoit denepanu Mo BOMpocaMm
OCYIIECTBIIEHUs (eAepalbHOTO TOCYJapCTBEHHOIO JIECHOTO Haj3opa (JIECHOW OXpaHbl) U
OCYLIECTBJICHUS MEPONPUITHI MO 3alIUTE€ W BOCIHPOU3BOJICTBY JIECOB» M B COOTBETCTBUH C
pemenueM Pocnecxoza (mucemo ot 22.04.2014 r. NeHK-10-46/4586), I13JI AnTtaiickoro kpas
nepean NoJHOMOYMS B 00JIaCTH JIECHOTO ceMeHOBOACTBa cyObekTaM P®d. VX nepeueHp ykazaH

B TaOIHUILE.
Tabnuma. Hannune nepenanubix B cyobekTsl PO o0nexToB EI'CK.
JICTI, ra Marou- IUJICY, ra
HBIC
«3 ° IIaHTa- B T.4. 2
vl oF = o | wmm ra Beero aTTecTOBaHHbIE | £ ge
E = E E g E =~ ) = 59 53
CyObeKT 3 = = - - = 5} CHER>
P> S2185%| &| 2|is 2 253 S22 |55|EE8
(o) % 3] £ | &0 O | 5 o SE== o | BEES | ER |28 &
5o | BES s E|< 5 5 g 5 T 5 TS| BB |RE23
RoFg : o | 55 3 = S| ESs| 52 GRS
g 2 A @3 M = 2 Al ESE | =
m = ee s < 2=
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Amnraiic- 542 302,9 | 123,0 | 107,0 | 35,6 | 12,7 | 95 289,3 | 184,8 134,5 60 2,7 3660,5
KU Kpai
Pecnyomu- | 538 107,7 | 69,5 28,5 13,7 | O 0 540,3 | 13,0 488,9 1,5 0 710,1
Ka Anrai
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ABOUT CREATION AND CONDITION OF THE STANDS OF INTEGRATED
GENETIC-SELECTION COMPLEX OF ALTAI REGION AND ALTAI REPUBLIC
Kalchenko L.I., Bondarev A.Ya., Golchenko S.V.

Russian Center of Forest Protection — Center of Forest Protection of Altai Territory, Barnaul,
Russia; altcanis@mail.ru; altay-Iss@yandex.ru

The important forests of republic and region were significantly depleted in 1960-1970
years. The risk of losing of valuable part of the gene pool of the main tree species (Scots pine,
Siberian stone pine and Siberian larch), leading to reduction of productivity and resistance of
these plantations has appeared. Work on the preservation and conservation of valuable genetic
pool of tree species began in 1970. The programs were developed and approved for the
establishment of permanent seed orchards after the preservation of the gene pool. This work
focuses on the history of formation and stands of common genetic and breeding complex
(UGSC).

There was occurred the crisis situation for achievement further works on forest seed
breeding because of the deterioration of financing and due to the reorganization in 2000, the
Federal Forestry Service of Russia and joining the forestry sector to the Ministry of Natural
Resources RU. Therefore, the Federal program "On the financing of forest seed breeding™ for the
period 2005-2014 was developed. The authority for the implementation of this program was
conveyed to department "Forest seed station" in the branch "Roslesozashchita™. Specialists of the
department provided the expert support for The forest management of the Altai Territory and the
Ministry of Forestry of the Altai Republic, including in the preparation of work plans and
budgets for the maintenance of UGSC, that stimulated increasing assignments from the federal
budget for these purposes. The Altai Territory and The Altai Republic got more than 12 million
rubles and 9 million rubles, accordingly, during this program for 10 years. These means allowed
to accomplish following amount of works: in the Altai region - the area of about 800 hectares; in
the Altai Republic - 400 hectares. Specialists of the department regularly conducted inspections
of implementation of works on the forest seed stands. At the same time over the past seven years,
the department "Forest seed station” surveyed UGSC: in the Altai Territory in the area of 2740
hectares; in the Altai Republic -865 ha (61% of the total area UGSC in each subject); and also
examined overall 222 and 248 plus trees, respectively. Independent estimates of scientists shown
the satisfactory state of forest seed stands (Ozersk and Pyzhinskogo (Teletskoe).

In according with the adoption of Federal Law Ne27-FZ of 03.12.2014 "On Amendments
to Certain Legislative Acts of the Russian Federation on the implementation of the federal
supervision of state forest (forest guards) and the implementation of measures for the protection
and reproduction of forests" and in accordance with the decision of the Federal Forestry Agency
(letter of 04/22/2014, NeNK-10-46 / 4586), Center for Forest Protection of Altai Territory has
delegated authority in the forest seed production to regions of Russian Federation. The list is
shown in the table.

Table. Specification stands transferred to the UGSC of the Russian Federation.

Region The The plus FSP, ha < The stool 5
of RU | amount | planting, < plantings, PFSP, ha s g
of plus ha ] ha s | 3
trees = 5 All Includin | o
2 S established certifie 2| o ©
& 23 |5 _ 23 3 | &<
o BE | @ < Sie B o So % | S
o] 55 <] ° S5 | — SE| = SS| o =)}
k7] SR 2 - Sol|l S S 35S S S3S| < —
2 £o |6 co|l 8 25§ S 25§ 2|8
< Z Es ES[F |5
1 2 3 4 5 6 7 9 10 11 12 13 | 14
Altai 542 302,9 123,0 | 107,0 | 356 | 12,7 | 95 | 289,3 | 1848 | 1345 | 60 2,7 | 3660,5
Ter.
Altai 538 107,7 69,5 28,5 13,7 |0 0 540,3 | 13,0 488,9 | 1,5 0 710,1
Rep.
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KOJIMYECTBEHHBIN MOJXOJ K CTPATEI' MU OXPAHBI JIECOB
Kamxkapos E.IL., Ilomopues O.A.
International Rhythm Research Institute, USA; e.kashkarov@gmail.com
CeBepo-BocTouHblil (henepanbHblii yauBepcuteT uM.M.K.AMMocoBa, Poccus,

fess117@rambler.ru

byMm npupomooxpanHbix cTpareruii Ha pyoeske XXI| B. oTpaxaeT riiodanbHbIe MacIITaObl
naBiieHUs Ha Onocdepy Bcero yenoBeyecTBa. [Ipu SBHOM M30BITKE CTpaTeTruii B HUX HET OTBETOB
Ha JIBa IJIaBHBIX Bompoca: (1) 94To UMEHHO MX aBTOPBI MOHUMAIOT 1O ciIoBoM "crpaTerus” u (2)
KaKo€ KOJIMYECTBO IPHUPOJIHBIX PECYPCOB OHMU XOTAT COXPAaHUTh? A HET OTBETOB HA IJIABHBIE
BONPOCHI, HET M CTpaTeruu. JTa mpodiieMa MpsIMO MEPEKIMKACTCS C BOMPOCOM JIETEHIbI
aMepukanckoro Mmenemxmenta Lee lacocca (2008) ko Bcem skonoram: "Koraa roBopsT, 4To Ham
HY>KEH YUCTBIA BO3[yX, HaJ0 OCTAHOBUTHCS U CHPOCUTH: HACKOIBKO 4YUCTHIN?" B oTHOmEHUU
JIECOB BOIPOC NepeOpMyTHPYETCs TOYHO TakK )Ke: CKOJBKO JECOB HEOOXOJMMO COXPAHUThH Ha
3emiie, 4TOOBI COXpAaHUTH B ce0e ueaoBeka?

I'moGanpHas Mozenb Oe3MpereIEHTHOIO YHHUTOKECHHUS JIECOB CO3/IaHa HA HAIIMX IJ1a3ax
nBymst crpaHamu: Poccuein u  Kuraem. IlepBas Bmageer 1/6 cymm, BTopas — 1/6
HapojoHaceneHus. Temmbl 3koHOMUYeckoro pocra Kuras Taxxke OesnperneneHtsl: 10% B rof
(CIA, 2010). DToT pOCT NPOUCXOAUT TMPEHMYIIECTBEHHO 3a CUYET YYXKHX PECypcoB U
COOCTBEHHBIX pabouux pykK. MacmTabbl KHUTAHCKOW SKCIIAHCHHM Ha BOJIHE COBPEMEHHOTO
MOTEIJICHHUS] KJIMMaTa COMOCTaBUMBI TOJBKO C SKCIaHCHEH eBpomeiickoil 5 BexoB Hazaj. OHa
IUla IpU TAaKOM >K€ IOTEIUIEHMH KJIMMara, Kak COBpeMeHHoe, M, Omaronmaps KomymOy wu
Maremiany, nonyuyuia Ha3BaHue "Onoxu Bemukux reorpaduueckux oTkpbiTUi". OmHako 3a
KPacCUBBIM Ha3BaHUEM O3IIOXH TeOTpapUUYECKUX OTKPBITHUHA CTOUT TOT JK€ CMBICI, YTO W 3a
CETOAHSIIIHEN AMOX0M SKOHOMUYECKOT0 B371€Ta KuTas: yHHUTOXKEHNE IPUPOTHBIX PECYPCOB.

VYxe Tpu JeCITUIETHS TMOAPSA] JKEIE3HOJOPOKHBIE COCTaBbl, IPYXKEHBIE JIECOM,
0e3ocTanoBOUHO ABIKYTCS U3 Poccum B Kurtaif, Ha Boctok u Ha 3amaa. Kazamock Obl, 3TO
CMEPTENIbHBIA TPUTOBOP OopeanbHbIM Jiecam Asum. "JlenmoBoil" pecypc ux Onu3uTcs K
WCTOIICHUIO, TMOTOMY YTO 3aKpbIBAIOTCS JIECXO3bl, YHUYTOXHUBIIWE JIyULIYI0 JPEBECUHY
noOJaM30CTH U HECNOCOOHBIE OCBamBaTh JanbHHUE Teppuropuu. Ho y a3toro mporecca ectb
oOpaTHasi CTOpOHA: Ha MeCTe BBIPYOJICHHBIX JIECOB MOJHUMAIOTCS HOBBIE. Pacmimpenue apeana
CEBEPHBIX JIECOB BO BCEX HAMPABICHUSAX — HEMPEIOXKHBIH (PaKT COBPEMEHHOIO IMOTEIUICHUS.
HanOonee oueBHIeH OH B 30HE SKOJIOTHYECKOro onTuMyMa. [1oaToMy rpomMkue MexayHapoJHbIe
akiuu "TlocamguTh MUJUTMOH JIepeBbEB" OKa3aldMCh OE3CMBICICHHBIMH M JOPOTOCTOSIIIUMH B
ymepeHHoU 30He CeBepHOro moJiyliapus, e Ipupoja caMa BbiCaauia MUJUIHAP/IbI CaKEHIIEB
Ha BOJIHE MOTEIUJICHUs KiInMarta. Takumu ke Oe3CMBICIEHHBIMU U JOPOTOCTOSIIIMMU OKa3aJIUCh
aKIIMM TOCAaJAKU JEpEeBbEB B AaApUIHOM 30HE, TJ€ TEHACHIMU pa3BUTUS  KJIUMaTa
IIPOTUBOMNOJIOXKHBL. BMeCTO TEMmbIX M BIIAXHBIX YCIOBUN apuHas 30Ha IMOJIy4MJIa JKapKue U
cyxue. Jleca 31ecy moBcrofy OTCTYNWIM, Kak U JieqHUKA. OHM 10 CHX IOp COKpallaloT CBOU
IPaHULIbI, 32 UCKIIFOUEHUEM BBICOTHOT'O T10sICa B ropax.

KonnyecTBeHHBIN MOAX0/ K CTpaTEruy OXPaHbI JIECOB JIOJHKEH ONMUPATHCS HA BPEMEHHbIE
U reorpauyeckue 3aKOHOMEPHOCTH HM3MEHEeHHs Kiumara. OT1o kopoTko- (11-22 roma) u
nonronepuoanunsie (80-110, 2600 1eT) puTMbI, IIMPOTHAS 30HATBHOCTD U BBICOTHAS MOSICHOCTD.
PUTMBI TUKTYIOT NEPHOJUYHOCTH MOTEIUICHUI-TIOXOJIOJAHUN KIMMaTa W IYJIbCAI[UI0 apealioB,
reorpapuueckass 30HATBHOCTh — TPAJAUEHTHBIA XapakTep KOJUYECTBEHHOTO W3MEHEHUs
KIMMaTH4eckuX (aktopoB. CHHTE3 KOJMYECTBEHHOTO MOAXOAAa C MPHUPOJHBIMH PHUTMAMHU W
reorpaMuecKkoil  30HAIBHOCTBIO  TO3BOJIAIOT  KOJIMYECTBEHHO  OOOCHOBaTh  MpEesbl
YCTOMYHMBOCTH JIECOB U 00ECIIEUNTh HAJEKHYIO0 OCHOBY CTpaTeruu. JTa OCHOBA BKJIIOUYAET B ce0s
NepuoIMYecKuil 3akoH reorpaduueckoil 3oHanbHOocTH JlokyuaeBa (1898) — I'puropseBa —
Bbynbiko (1956), 3akOH TOMOJIOTHYECKUX PSJIOB B HAclIEACTBEHHOM HM3MEHUMBOCTH Bapuiona
(1920), teopuro putmoB E.B. Makcumona (1972, 1995) u Teopuio 3KOIOTO-T€HETHYECKON
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OpraHM3aly KOJIMYECTBEHHbIX Npu3HakoB B.A. JlparasuesBa u E.B. [lparasuesoii (2011). B
CBSI3U C ATUM YKa3aHHbIE 3aKOHbI U TEOPUHU TAKXKE JOJDKHBI CTAaTh KIIIOUEBBIMU B Pa3pabOTKe
CTpaTeruu.

QUANTITATIVE APPROACH TO THE FOREST CONSERVATION STRATEGY
Kashkarov Evgeniy& Oleg Pomortsev
International Rhythm Research Institute, USA; e.kashkarov@gmail.com
North-eastern Federal University of Ammosov, Russia; fess117@rambler.ru

Boom of environmental strategies at the turn of XXI century reflects a global scale
pressure to biosphere of human beings. Despite of obvious abundance of strategies, they have no
answers to two main questions: (1) what exactly their authors mean under the “strategy” word,
and (2) how many of natural resources they would like conserve? And if there are no answers to
main questions — there are no strategies. This problem directly relates to the question of
American management legend Lee lacocca to all environmentalists: “When people say: We need
clean air, we've got to pause and ask ourselves: How much clean air do we need?” In relation to
forest the lacocca question re-formulates the same: How much forest do we need to conserve in
order to save human beings in ourselves?

Global model of unprecedented deforestation made by two countries: Russia and China.
First one owns the 1/6 of land, and the second — 1/6 of population. Rate of economical growth of
China is also unprecedented: 10% yearly (CIA, 2010). Such growth occurs mainly thanks to
foreign resources and own work hands. The scale of Chinese expansion on the wave of global
warming is comparable to European expansion five centuries ago. It was developed under the
same climate warming influence, as currently, and got “The Great Geographical Discoveries'
Epoch” name thanks to Columbus and Magellan. But behind beautiful name of geographical
discoveries hided the same meaning, what has the modern epoch of economical rise of China:
extermination of natural resources.

Already three tens the rolling stocks loaded by timber, go from Russia to China, to the
East and the West. It looks like a deadly verdict to boreal forest of Asia. “Business” forest
resource draws near depletion, because the nearest sources of timber cut up and forestry
enterprises shutting down. They have no ability to cultivate wilderness in thousand kilometers
away. But thus process has the opposite side: old forest replacing by young generation.
Expansion of boreal forest in all directions is indisputable fact of current global warming. It is
most obvious in the zone of ecological optimum. And high-flown actions “To plant million
trees” sounds pointless in temperate zone of Northern Hemisphere: here nature planted itself
billions of trees on the wave of global warming. The same way sounds pointless and costly these
actions in arid zone because of opposite climate tendency. Instead of warm-wet conditions the
arid zone has hot-dry. Arid zone forest retreated everywhere, as much as glaciers, except the
tree-line.

Quantitative approach to the forest conservation strategy should rest upon temporal and
geographical regularities of climate change. That are short-term (11-22-years) and long-term
(80-110, 2600 years) cycles, and latitude-altitude zonalities. Cycles dictates periodicity of
climate warming — cooling, and geographical zonality — gradient character of quantitative change
of climate factors. Synthesis of quantitative approach with natural cycles and geographical
zonality makes possible to ground the limits of forest sustainability and provides reliable basis of
strategy. This basis includes periodicity law of geographical zonality of Dokuchaev (1898) —
Grigor'ev — Budyko (1956), Vavilov's law of homologous series in variation (1920), theory of
rhythms of Maximov (1972, 1995), and theory of ecological-genetic organizations of
quantitative characters of Victor & Elena Dragavtsev (2010). These lows and theories must be
also a key to strategy development.
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JTHK-BAPKOJIWHI HACEKOMBIX — HIOTEHIIMAJIBHBIX BPEJIUTEJIEA JIECA B
CUubUPHU
Kupunuyenko H.I/I.l, Jlone3-Baamonne K.?
! Uncruryr neca um. B.H. Cykauesa CO PAH, Kpacrosipck, Pocens; nkirichenko@yahoo.com
depaHuy3CI<I/n71 HaIIMOHAJIbHBIN MHCTUTYT CEJIbCKOX03UCTBEHHBIX uccaenoBanniit UHPA,
Opnean, @panuus

WHBa3uu JleCHBIX HACeKOMBIX — mpoOiiemMa MHpoBOTO Macmraba. Hecmorps Ha
Y)KECTOUEHUE KapaHTUHHBIX MPABUJI, POCT CIy4aeB UHTPOIYKIIUU U OOOCHOBAHUS UY:KEPOIHBIX
YJIEHUCTOHOTUX B HOBBIX PETMOHAX HE IpeKpalaeTcs. PaHHee BbIABIEHHE TAKMX HACEKOMBIX, UX
TOYHAsl BUJOBAsl UIACHTHU(UKAIUS, ONPEeIeHUe MyTel paclpoCTpaHeHUs U U3y4eHUE IKOJIOro-
FEHETUYECKUX acCIEKTOB MHBAa3MMl HEOOXOAMMBI KakK [Jsl [NOHMMaHHUS OCHOBHBIX MEXaHU3MOB
WHBa3Wi, Tak M JJs peaju3alyyd KapaHTHHHBIX MporpamMMm U 3¢ (EKTUBHOTO COXpaHEHHS
IPUPOJIHBIX SIKOCUCTEM.

JIHK-6apkoauHr — METO ONpeesieHus oCIeI0BaTeIbHOCTH MUTOXOHApranbHoi JTHK
(cexBeHnpoBaHuss TeHa nUTOXpoM okcuaaszbl | — COI) mo3Bosser OBICTPO W HAAEKHO
ONpeNeNsATh BHUIbl YWICHUCTOHOTHUX, B TOM YHUCJIE M HACEKOMBIX. BOJBIIMM IpEeruMyLIECTBOM
METOJla SBJIETCS BO3MOXHOCTh YCTAHOBJICHUS BMJIOBOM NPUHAJIEKHOCTH HACEKOMBIX IIO
JOOBIM CTaIUAM UX PA3BUTHSL.

Hamu Benercs mporpamma mno JIHK-OapkonumHry HaceKOMbIX, MUHUPYIOIIUX JHCTbS
a0OpUTeHHBIX U MHTPOIYLMPOBAHHBIX JIpeBECHBIX pacTeHuil B Cubupu. Ota paboTa HaiesneHa
Ha CO3JaHME TeHETUYECKOH OMOIMOTEKH, KOTOpasi MOCIYXHUT PYKOBOJCTBOM JUIsl OBICTPOTO H
TOYHOT'O OIPEACIICHUs] HACEKOMBIX 3TOM 3KoJIormuecko rpymnmnbl. Cpeau MUHUPYOIIHMX
HACEKOMBIX U3BECTHO HEMaJIO BpeaUTENeH U UHBai1epoB. JIMUMHKY 3TUX HACEKOMBIX ITUTAOTCS
BHYTPH JIUCTHEB PACTEHUI U MPU BCHBILIKAX MACCOBOI'O Pa3MHOYKEHHUS MOTYT IPUYUHATH BPEJ
CBOMM XO03sieBaM. JIMCTOBblE MHUHEpPHI M3BECTHBI CPEIU IPEACTABUTEIECH YEThIpEX OTPSAIOB:
Lepidoptera, Coleoptera, Hymenoptera u Diptera.

K mHacrosmemy BpemMeHn HamMu TmpoaHanuzupoBaHo Oonee 400 o00pa3noB u
uaeHTuGuIMpoBaHo 54 Buga ¥ MopdoBUAa MUHUpYIOIUMX HacekoMbiX. Cpenu HHX 26
npencrasuteneid MmuHupytonmx Mmoiseir (Lepidoptera), 10 munmunbmumkoB (Hymenoptera) u 8
xykoB (Coleoptera). bonbIIMHCTBO M3 HHUX OINpeNeNeHbl 10 BHJA C BBICOKOM HAJEKHOCTBIO:
crenedb cxoxactsa JIHK-0apkooB 3THX HAceKOMBIX C HMMEIOIIMMUCS B T€HETHMUYECKOH Oase
BOLD (the Barcode of Life Data Systems; www.barcodinglife.org) cocraBuia 99-100%.
EnvHnuHbIe 3K3eMIUISIPbI MOJIEH, TUIMIIBIIUKOB U YKOB ObUIM UAEHTU(UIUPOBAHBI TOJIBKO JI0
pona wiau MopdoBHIa. DTHU TMpeAcTaBUTENH MO0 paHee He Obuin mnonaBeprHyThl JIHK-
OapKOIMHTY, TUOO0 OHM SIBJIAIOTCS HOBBIMHM BUAAMM JUIsl HAYKU. JIMarHOCTHKa MUHUPYIOIIUX MYyX
no ux JIHK-6apkogam oka3zanack camoil npo6siematnuHoi. Hu onnu 13 9 npoaHain3upoBaHHBIX
npeJcTaBuTeNIel He ObLIT OMPEENIeH IO BU/IA, YTO CBSI3aHO C IJIOXOH M3YYEHHOCTbIO HACEKOMBIX
ATOM IPYIIIHI B LIEJIOM.

Cpeny M3ydeHHBIX HAMHM HAaCEKOMBIX 24 BHUJAA SIBIIAIOTCS BPEIUTEISIMH €BPONEHCKHX M
€BpPOa3HaTCKUX BUJOB JPEBECHBIX PACTEHUN. BOIBIIMHCTBO ATHMX HACEKOMBIX — IIPEACTaBUTENN
modeii-iectpsiHok Gracillariidae. Mukpomosu 3Toro cemeicTBa H3BECTHBI CBOUMH HHBAa3HSIMHU U
IIPUYMHEHUEM MacCOBOI'O BpENA APEBECHBIM PACTEHMSIM B IapKax, caJax M JiecaX BO MHOIMX
YTOJIKax Mupa.

Co3naBaemast TeHeTHuYecKass OMONIMOTEKAa MHHUPYIOIIUX HACEKOMBIX  IOCITYXKUT
3HAYUTENbHBIM JOIMOJIHEHHEM K CYIIECTBYIOIIMM MEXIYHAapOAHbIM 0a3aM JaHHBIX JJIs
UICHTU(PHUKAIIMY JIECHBIX HACEKOMBIX, KOTOpPbIE MMOTEHIIMAIEHO MOTYT PacIIMPHUTh CBO apean 3a
npenensl CeBepHOUt A3nu.

Hccneoosanus noodepacanvt gppanyyzckum gornoom LESTUDIUM u epanmom PODU
(Ne 15-29-02645 ogpu_m).
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DNA BARCODING OF POTENTIAL FOREST INSECT PESTS IN SIBERIA
Kirichenko N.1.}, Lopez-Vaamonde C.2
V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences,
Krasnoyarsk, Russia; nkirichenko@yahoo.com
’INRA Institut National de la Recherche Agronomique, Zoologie Foresti¢re, Orléans, France

Invasive forest insect pests threaten biodiversity and the function of ecosystems
worldwide. Despite increasing regulations, the number of insect introductions has grown
significantly in the recent years. Early detection, accurate identification of insect invaders,
discovery of introduction pathways, ecological and genetic studies of invasions are essential for
understanding the underlying mechanisms of invasions processes, as well as for implementation
of quarantine programs and effective conservation of native ecosystems.

DNA barcoding, based on the use of a single standard DNA marker (fragment of the COI
mtDNA gene), is a powerful tool for fast and accurate insect species identification. Great
advantage of this technique is that it is applicable to any insect life stage.

We run a DNA barcoding campaign of leaf mining insects colonizing native and alien
woody plants in North Asia. This is a group of herbivores with several important forest pests and
invaders. Larvae of these insects feed internally within the host plant leaves and may cause
severe damage to their hosts. Leaf miners are known in four insect orders: Lepidoptera,
Hymenoptera, Coleoptera and Diptera.

At present, we have DNA-barcoded more than 400 specimens and identified 54 species
and morpho-species of leaf-mining insects Among them, there are 26 representatives of
micromoths (Lepidoptera), 10 of sawflies (Hymenoptera) and 8 of beetle (Coleoptera). Most of
these insects were identified down to species level with high confidence (species match of 99-
100 %) using the Barcode of Life Data Systems (BOLD) (www.barcodinglife.org). Molecular
identification of several micromoths, sawflies and beetles was done to a morphospecies level
only, suggesting either that they have never been previously barcoded or that they are new
species. None of the nine barcoded leaf-mining flies were identified to species, indicating that
dipteran leaf miners are poorly studied in general.

Among the identified insects, 24 species can cause damage to European and Eurasian
woody plants in North Asia. The majority of them are micromoths of Gracillariidae, a family
commonly known by pests and invaders in orchards and forested urban areas.

Our DNA barcoding reference library of North Asian leaf miners will allow quick and
reliable identification of pests and invaders and will be a significant addition to the present
international databases to cover forest insects that could potentially expand their range beyond
North Asia.

The work is supported by LE STUDIUM (France) and RFBR (grant # 15-29-02645

opu_m).

T'UBEPUJIBI CHBUPCKHUX TOIOJEN: MIEPCIIEKTUBHI NCCJIEJJOBAHUM
Kiaumos A.B.., IIpomkun B.B.l,TapaKaHOB B.B.%*
1H01301<y3He111<Hﬁ ¢dunmuan KeMepoBCKOTo rocy1apcTBEHHOTO YHUBEPCHUTETA
(Horoky3Herk), Poccus, boris.vladimirovich@mail.ru
23ana)1H0-CI/I6I/IpCKI/H71 ¢unmman Uucruryra neca CO PAH (HoBocuOupck), Poccust
3H0B001/161/Ipc1<1/1171 rocyJapCcTBeHHbIH arpapHblii yausepcuteT (HoBocubupck), Poccus

Cubupckue Bunsl tonons - Populus alba, P. nigra, P. laurifolia, P. suaveolens, P.
tremula - meHHeHIMA pecypc U 3aIIMTHOTO JIECOPA3BEACHUS, O3CICHEHUS HACEICHHBIX
IIYHKTOB, CO3daHHs JICCOCBIPHCBBIX HJIaHTaI.IPIfI, MOJIy4YCHHUA OHOJIOTHYECKH aKTHUBHBIX BCIICCTB U
npyrux neneit (baxymun, 1990; 2004; 2007; 2010; 2012). OgHako K HACTOSAIMIEMY BPEMEHH OHU
HEAOCTAaTOYHO HU3YYCHBI B I'CHCTHUKO-CCICKIMOHHOM IINIAHC W MaJIO UCIHOJB3YHOTCIA B JICCHOM
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xo3siiictBe Cubupu. B 0COOEHHOCTH 3TO OTHOCHTCS K MPUPOTHBIM 30HAM HHTPOTPECCHUBHOMN
rUOpUAN3aIMK, KOTOPhIE YPE3BBIYAHO MEPCHEKTUBHBI KaK sl (pyHIaMEHTalbHBIX €HETHUKO-
ABONIOIMOHHBIX HccaeaoBanuii (Kopomaunnckuii, Mumotun, 2006), Tak U A CENEKIUU Ha
ocHOBe ecTecTBeHHBIX TuOpuoB (Llapés u ap., 2014).

Uro kacaeTcs mOCIeIHEro, TO 0COOEHHO OOJBIIION UHTEPEC MPEICTABISIFOT €CTECTBEHHBIC
ruOpuIbl TOMONST YyepHOro ¢ T.1aBpoiaucTHeIM (Kimmmos, 2008). Ot1o o0yciioBiIeHO TeM, YTO
OCOKOPb SIBJISIETCS CaMbIM OBICTPOPACTYIIUM CPEIU BCEX CHOMPCKUX BHUJOB ATOrO pojia, HO OH
IUIOXO Pa3MHOXKAeTCs 3UMHUMHU CTeONIeBbIMH uepeHKamu. I[Ipm 3TOM OH MOpPO30CTOEK,
JIOCTaTOYHO YCTOWYMB K OOJIC3HSIM M BPEAUTENSIM, OYCHB JCKOPATUBEH. TOIOb JIABPOIMCTHBIMH,
HAIIPOTUB XOPOILIO Pa3MHOXAeTCsl B KYJIbTYpe OJPEBECHEBIIMMH YEpPEHKaMHU, HO MeEHee
YCTOHYHMB K OOJIE3HSIM M BpenuTeNsiM. V3yueHue TOMOJBHMKOB B 30HE KOHTAaKTa apeanoB P.
nigra u P. laurifolia ¢ menpro BbIsBIEHHS THOPUAHBIX T'€HOTUIIOB, COYETAIOIIMX ITOJIE3HBIC
CBOICTBa O0OMX BHJIOB, MOCTABJICHO B Ka4eCTBE OJHOM W3 TJIaBHBIX 3a7a4 HAMIMX OyIyIIUX
HUCCIIENOBAHUMN.

B sT0i1 cBsi3u B HacTosieM cooOieHnn 00CYXAAI0TCs JIMTEpATypHbIE U COOCTBEHHBIE
JaHHbIC 10 TUOPUIM3AIUHU T. YEPHOTO U T. JIABPOJIUCTHOTO, OCOOEHHOCTSIM UX apeajoB U 30H
CIIOHTAHHOW THOpHAM3AIMK, KOTOpble HanOOJee MEPCIEKTUBHBI JUIsl PEIICHUS ITOCTaBICHHON
3aJ1auH.

CO3JJAHUE SKCIIEPUMEHTAJIbHOU BUOTECT-CUCTEMBI PINUS SYLVESTRIS
L. IJIsI ®U3HO0JI0TO-BHOXUMHUYECKHUX UCCJIEJJOBAHUI
Kaymesckas E.C., Ky3nenosa H.®.

Bceepocculickuii HAay4YHO-UCCIEI0BATEIbCKUM HHCTUTYT JIECHOM T€HETUKH, CEJIEKIIUU U
ounorexunonoruu, Poccust; ekogenlab@gmail.com

'moGanbHOE W3MEHEHHE KIMMAaTa, YBEIMUEHUE 4YHCIa W HaNpsSHKEHHOCTH 3acyX,
YCUJICHHE TEXHOTEHHOW HArpy3KH Ha JIECHBIE DKOCHCTEMBI MPUBOAAT K MX JIECTa0MIN3AINH, a
3a4acTyl0 M K THOENH IEeNbIX JECHBIX MAacCHBOB. PacTeHus BBHIHYXKAECHBI MPHUCIIOCAOIUBATHCS K
M3MEHSIOIIMMCS YCIIOBUSIM Cpelibl. 3acyXOyCTOMUMBOCTB SIBISIETCSI OJHUM U3 aJalTHUBHBIX
MEXaHHU3MOB, KOTOPBII TO3BOJIET MPOTUBOCTOSATH 00E€3BOKUBAHUIO PACTUTEILHOTO OpraHU3Ma
MO/l BJIMSIHUEM IIOTOJIHOTO CTpecca, ObICTpee BO3BpaIlaThCcs K HOPMalIbHOMY COCTOSHUIO U
MEHBIIIE CTpajaTh MpPU MOCIHEAYIOUMX 3acyxax. (s m3yueHus: sSBICHHS 3aCyXOYCTOWYHBOCTHU
Pinus sylvestris, wamu pa3paboTaHa OdKCIEpUMEHTANbHAs OHOTECT-CHCTEMa Ha OCHOBE
KOMIUIEKCHBIX T€HETHKO-CEJIEKIIMOHHBIX HCCeIoBaHuM cocHbl Ha Tepputopuu L[UP. [Ins ee
co3aHMs ObUIM OTOOpaHbl 9 KOHTPACTHBIX IO 3aCyXOyCTOHYMBOCTH (OPM Ha MOJEIBHOM
o0wvekte «Octporoxkck» (Boponexckas 001., OCTpOrokckoe JECHHYECTBO), COOpaHbI
MOJIEPEBHO U MOILIUIIEYHO ceMeHa. [lepes moceBoM ceMeHa 3aMauuBalluCh B BOJIE B T€UeHUE 24
YacoB, YacTh CEMsIH C KaKIOW IIMIIKH TMOJBEPriach TEMI0BOW 0o0paboTKe B TepMocTaTe MpH
40°C B Teuenme 4 4acoB. 3aTeM CeMEHa BBHICEMBAINCH B KacCeThl, HAIIOJHECHHELIE CMECHIO B
COOTHOIIIEHUU: TOpd: 3eMirst: mecok 2:1:1.

CornacHo JaUTepaTypHbIM JaHHBIM PACTEHHUS MPOLIEAIINE MPEIIIOCEBHOE 3aKaJMBaHUE
NPHOOPETAIOT MEXAaHU3MbI YCTOMYMBOCTH K cTpeccy. Takue M3MEHEHHsS UMEIOT, KaK MPaBuUiIo,
CTUMYJIMPYIONTUN XapaKTep W MO3BOJIAT PACTEHUIO MPUOOpPETaTh YCTOWYMBOCTh K HETaTHBHBIM
dakTopaM, HampsMyl0 He CBSI3aHHBIM C HCXOAHBIM cTpeccoM (I'enkenp, 1982). Onnum u3
Han0oJiee BaKHBIX WHTETPAbHBIX MMOKA3aTEIeH COCTOSIHUSI PACTCHUSI SIBISICTCSI BOJIHBIN PEXUM.
HenocraTok Biaru TopMo3uT (GOTOCHHTE3, JbIXaHHE, ACEHUE KIETOK U T.J., U, KaK CJIeICTBUE,
poct u paszButue Bcero pacteHus (Ciueituep, 1970). Becnoit 2013 1. omeHMBaIoCch KU3HEHHOE
COCTOSHUE WCXOJHBIX MATEPUHCKHX PACTEHUNW MO TaKUM (PU3UOIOT0-OMOXUMHUUYECKUM
MOKa3aTelsiM Kak cojiepkaHue CBOOOJHON U CBA3aHHOM BOABI, AEPUIUT BJArd, COJEpKaHUE
AMUHOKHUCIIOTHl TPOJHMH, KaK CTPECCOBOTO MeETa0ONIWTa. YCTaHOBJIEHO, YTO JOCTOBEPHBIX
OTJIMYHMHA MEXIy TPyIIIaMU YyBCTBUTEIBHBIX M YCTONYHBBIX JIEPEBHEB MO BCEM aHATM3HPYEMBIM
npu3HaKaM He OOHApPYKEHO.
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JlaGopaTopHasi BCXOKECTh CeMsH cocTaBisieT 69,1%, rpyHTOBas BCXOXECTh CEMSH —
54,3%: s ceMsH MpOLIENUIMX TEIUIOBYIO OOpaOOTKy AaHHBIM MoOKas3aTrenb paBeH 56,5% u
52,0% 6e3 Hee. [ pyHTOBasi BCXOXKECTh CEMSH TPYIIIBI YCTOMUUBBIX PACTCHUN ObLIA B CpelHEM B
1,3 pasa Bblmie, 4eM M YyBCTBUTENBHBIX. OCEHbIO IPOBEAECHA OLEHKA COXPAHHOCTU
OJIHOJICTHUX CESHIIEB. B BapumanTe TerioBoi 00paboTku oHa cocraBisieT 73,5%, u 70,8% st
pacteHuil Oe3 Hee (JaHHBIE HAaXOAATCS B Ipelesiax OMMOKM omnbiTa). BereranmoHHbIH ce30H
2014 r. Xxapakrepu3oBaJCsi  pPE3KMMH  IEpenajgamMM  TIHMAPOTEPMHUYECKOIO  PEKUMA.
HeOnaronpusTHble NOrOAHbBIE YCIOBUS UIOHA, KOTJIa IPOMCXOAUT Hauboiee MHTEHCUBHBIA pOCT
pacTteHuii, HHTHOMPOBAIM POCT CesHIEB. BcienacTBue yero, pacTeHUsi MO BBICOTE OKa3alluCh
HECKOJIbKO MEHBIIIE CTaHJApTHBIX OJHOJIETHUX CesHLEB. BricoTa mx konebainach B mpejaenax
0,8-10,3 cM, TOCTOBEPHBIX pa3IHuUil MEXIy TPYNIaMH YCTOMYMBBIX U UyBCTBUTEIBHBIX (POpM,
U PacTeHHUH MPOIIEAIINX IPEINOCEeBHOE 3aKaJMBaHUE M 0€3 HEro, TakkKe He OOHapyX eHO.
[TonyueHHass OMOTECT-CUCTEMA MTO3BOJIUT HAM B JIAJIbHEHIIIEM H3ydaTh HOpMY peakiuu Of Pinus
sylvestris B secocrenHoOW 30HE, W3MEHYMBOCTH (PH3MOJOr0-OMOXMMHYECKUX IIOKa3aTeleld B
3aBHCUMOCTH OT JKM3HEHHOTO COCTOSHHSI JIepeBa, MHPHUPOIBl TEHOTHMA, 3PPEKTHBHOCTH
TEPMOOOPAOOTKH U HKOJOTMUECKOro MOTeHIMaNa BUa IIPU BO3ACHCTBUN CTPECCOBBIX (aKTOPOB
B 1aOOPATOPHBIX YCIOBUSX.

Cneituep P. Bonnsbiii pexxum pactenuid. M.: «Mupy», 1970. 368 c.

I'enkens I1.A. ®usnonorus xapo- M 3aCyX0ycTOWYMBOCTH pacteHuii. M.: Hayka. 1982.
280c.

CREATION OF EXPERIMENTAL BIOTEST-SYSTEM OF PINUS SYLVESTRIS L.
FOR THE PHYSIOLOGIC-BIOCHEMICAL RESEACH
Klushevskaya E.S., Kuznetsova N.F.

Research Institute of Forest Genetic, Breeding and Biotechnology, VVoronezh, Russia;
ecogenlab@gmail.ru

A global climate change, a magnification of drought number and intensity, an increased
of technogenic load on the forest ecosystems lead to their destabilization, and often to the death
of whole forests. The plants have to adapt to a changing environmental conditions. The drought-
resistance is one of the adaptive mechanisms, which provides a protection of plant organism
from the dehydration under influence of weather stress, allows more quickly return to the normal
state and suffers less during subsequent droughts. For studying of the drought-resistance
phenomenon of Pinus sylvestris we have developed the experimental biotest-system on the basis
of complex genetically breeding investigations of pines on the territory of Central Chernozemic
Region (CChR). For its creation on the model object “Ostrogozhsk” (Voronezh region,
Ostrogozhsky district) were selected 9 contrasting by a drought-resistance forms, seeds were
collected separately for each tree and cones. Before sowing the seeds soaked in water for 24
hours, a part of seed from each cone undergone a heat treatment in a thermostat at 40°C during 4
hours. Then the seeds were sown in the cassette, filled with a mixture of peat, soil and sand in
the ratio of 2: 1: 1.

According to the literature data the plants, which have passed a pre-sowing hardening
acquire the resistance mechanisms to a stress. As a rule, such changes have stimulatory character
and allow to develop a resistance of plants to the negative factors that are not directly related
with an initial stress (Henkel, 1982). A water regime is one of the most important integral
parameters of plant vitality. A moisture deficit inhibits the processes of photosynthesis,
respiration, cell division, etc., and, as a consequence, a growth and development of the whole
plant (Sleycher, 1970). The vital state of initial mother plants was evaluated in spring 2013 for
such physiologic-biochemical parameters as the content of free and bound water, moisture
deficit, content of proline amino acid as a stress metabolite. As it has been shown for all
analyzed traits a significant differences between the susceptible and resistant groups of trees
were not found.
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The laboratory seed germination is 69.1%, the ground seed germination — 54.3%: for the
seeds after heat treatment this parameters is 56.5% and 52.0% without it. The ground seed
germination of the resistant group of plants was on average 1.3 times higher than for the
sensitive ones. In autumn a preservation of one-year seedlings carried out. In the variant of the
heat treatment it amounts73.5% and 70.8% for plants without it (data are within experimental
error). The 2014 vegetative season was characterized by rapid changes in the hydrothermal
regime. A bad weather conditions in June, when the most intensive growth of plants takes place,
inhibited the growth of seedlings. As a result, the plant height was slightly less than the standard
one-year seedlings. Their height varied within 0.8-10.3 cm, the significant differences between
the groups of resistant and sensitive forms, and plants, which have passed pre-sowing treatment
and without it, was not revealed. The obtained biotest-system will allow us to study the norm
reaction of Pinus sylvestris in the forest-steppe zone, the variability of physiologic-biochemical
parameters depending of tree vitality, genotype nature, heat treatment efficiency and ecological
potential of species after negative impact of stressors in the laboratory conditions.

Sleycher R. The water regimeof plants. Moscow: Mir, 1970. 368p.

Henkel P.A. Physiology of heat-and drought resistance. Moscow: Nauka. 1982. 280 p.

HOPMATHUBHOE IPABOBOE OBECIIEYEHUE COXPAHEHUSA JIECHBIX
IF'’EHETUYECKUX PECYPCOB POCCUHA
Kocrpuxkun B.A.
OI'BY «BHUUJIT M Counotex» Poccus; ilgis.lesgen@vrn.ru

CoxpaHenue JecHbIX reHerudeckux pecypcoB (JII'P) sBnsercs mpobiemoil MUPOBOTo
coobuiecta. [lepBocreneHHoe 3HaueHHe B opraHu3auuu oxpansl JII'P umeer ee HopMaTHBHOE
npaBoBoe obOecnieueHne. B noknage xomuccun PAO 1O TEHETUYECKUM pecypcam  JUis
IIPOM3BOJCTBA  IIPOJOBOJILCTBMSI M BEACHHMS  CEIBCKOIO  XO3SMCTBA  «...NIEPECMOTP
COOTBETCTBYIOILIEH IOJUTHUKA M HOPMATHBHO-IIPABOBOM 0a3bl M HMHTETPAllUd OCHOBHBIX
BOIIPOCOB, CBS3aHHBIX C YCTOMYMBBIM ymnpasiaeHueM JII'P...» onpenenserca onHou wu3
CTpaTeruyeckux Iesieil 4eTBEPTOro NPUOPUTETHOTO HanpaBiaeHus [1].

B Poccun TpaaulMOHHO BBIIENAIOTCSA CIEAYIOIME OOBEKTbl COXPAHEHUS JECHBIX
TEHETUYECKUX PECYpPCOB: TE€HETUYECKHE pPE3EpPBAThl; HACAKICHUS W OTIEIBHBIE JIEPEBBS,
BXOJSILIIUE B €IUHBIM T'€HETUKO-CEJIEKIMOHHBIA KOMILIEKC; KOJUIEKIIMM APEBECHBIX PAaCTCHHUH B
0OTaHMYECKHX cajaXx M JEHApapHsax; o0pa3lbl PAacTUTENbHOIO MaTepuaa, XpaHsSIIHecs B
nabopaTopHbIX ycioBusax. [Ipm 3Tom ocoboe 3HaueHHe A COXpAaHEHHS OHOJOTMYECKOIro
pa3zHooOpa3us JIECOB UMEIOT MEPBHIE JIBE KATETOPUH.

OcHoBHast  mpakTuueckas pabora mo coxpaHeHuto JII'P  permamentupyercs
JIEMCTBYIOIIMMHU 3aKOHaMU [2,3] 1 OA3aKOHHBIMU akTamu. B 00a 3akoHa B mocieayromnieM ObU1o
BHECEHO MHOXECTBO M3MEHEHMH M jomonHeHui. IIpum 3ToM U3 HOpMaTHBHO-IIPABOBOW Oa3bl
MCY€e3 TaKOM Ba)KHbIM OOBEKT Kak JIECHOHN reHeTuyeckuil pezepnart. [lonoxeHune o BbIIEICHUH U
COXpaHEHMM TeHeTH4eckoro Qouaa apeBecHbIx mopox B Jecax CCCP, yrBepxkIeHHOE
npencenarenem ['ocynapcrsennoro komurera CCCP no necHomy xo3siiicTBy 13 aBrycra 1982
rojia He ObLTO OMYOJMKOBAHO M B HACTOSIIEE BpeMs HE JISTUTUMHO. Pa3paboTaHHble HHCTUTYTOM
JIECHOM TeHeTUKH Wu ceyekuuu "KOHuenumus TOJTrOBPEMEHHOM MPOTpaMMbl T'€HETUYECKOIO
ynyumienust jecoB Poccun" u "llonokeHne 0 cOXpaHEHUM T€HETUYECKOTo (OHIA JPEBECHBIX
nopon Poccun" B TeueHme mnponpomkurenbHoro BpemeHn MIIP P® He paccmarpuBarorcs.
YnoMuHaHME O TEHETHMUYECKHUX pe3epBaTax B «YKa3aHMAX MO JIECHOMY CEMEHOBOJCTBY B
Poccuiickoit ®deneparun» (2000) He Bomwio B moaroToBiieHHbIE «[IpaBuna co3manus u
BBIJICIEHUSI OOBEKTOB JIECHOTO CEMEHOBOJCTBA (JI€COCEMEHHBIX IUIAHTAIMM, IOCTOSHHBIX
JIECOCEMEHHBIX YYacCTKOB M TMOJOOHBIX OOBEKTOB)», KOTOPHIE JOKHBI OBUIM YTBEP>KIACHBI
MuHHCTEpCTBOM IPUPOJHBIX pecypcoB U 3kojoruu Poccuiickoii penepannu B 2014 roxay.

B cBm3u ¢ stum B JlecHoit komekc Poccuiickori deneparmyu HEOOXOIUMO BBECTH
CIeNyIOLIEee JOMOIHEHUE:
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Cratbs 59" OxpaHa reHeTH4EeCKHX PeCypCcoB
1. B umemsix mnOpenoTBpalleHHs  CHUKEHHMST  BHYTPUBHUIOBOIO  pa3HOOOpasus
Jecoo0pazoBaTeneil BBIMTOMHACTCS KOMIUIEKC MEPONPUATHH IO COXPAaHEHHIO T'€HETHYECKUX
PECYpPCOB JPEBECHBIX pACTEHUH U YCTPAHEHUIO HEraTUBHBIX MOCIEACTBHM HPO3UU HX
reHo¢oHa.
2. TlpaBuia coxpaHeHUs M peadMIUTAlUU TeHEeTHUYeCKOro (hoHAa BUAOB AECHIPOMIOPHI
YCTaHABJIMBAIOTCS YIIOJTHOMOYEHHBIM (DeJiepaibHbIM OPTaHOM MCIIOJTHUTEIBHOM BIACTH.
Jluteparypa
1. I'moGanpHBIA TIAH JEHCTBUH MO COXpPAaHEHHWIO, PANMOHAIBHOMY HCIOJIB30BAHHIO
JIECHBIX TEHETHYEeCKUX pecypcoB. Jlokiman KOMHCCHM 1O T€HETHMYECKUM pecypcaMm s
IIPOM3BOJICTBA IPOJOBOJIBCTBUS M BEACHMs cenbckoro xossiictrBa PAO, 2014, 36 c.
[DnexTponnsii pecypc]. Pesxxum mocryma: http://fao.3/a-13849r.pdf.
2. ®epepanpHbiil 3aKk0H OT 14.03.1995 Ne 33-®D3 «O6 0cob0 0XpaHsSEMBIX TPUPOIHBIX
tepputopusix» // «C3 PDO» ot 20.03.1995, Ne 12, ct. 1024.
3. «Jlecnoii kogexc Poccuiickoii @enepanum» ot 04.12.2006 Ne 200-D3 // «C3 PD» or
11.12.2006, Ne 50, ct. 5278.

NORMATIVE LEGAL GROUNDWORK FOR CONSERVATION OF FOREST
GENETIC RESOURCES OF RUSSIA
KostrikinV.A.
Research Institute of Forest Genetics, Breeding and Biotechnology, Russia; ilgis.lesgen@vrn.ru

The conservation of forest genetic resources (FGR) is a global community problem. The
normative legal groundwork of is of primary importance in FGR security arrangements.
According to the report of the FAO Commission on Genetic Resources for Food and Agriculture
“...a review of relevant policy, rules and regulations for integration of key issues related to the
sustainable management of FGR” is one of the strategic goals of the fourth priority orientations

[1].

There are several traditional objects of conservation of forest genetic resources in Russia:
genetic reserves; plantations and individual trees included in the unified genetic-breeding
complex; arboreal plant collections in botanical gardens and arboreta; samples of plant material
stored under laboratory conditions. The first two categories are of particular importance for the
conservation of forest biolodiversity.

The main practical work on the conservation of FGR is regulated by current laws [2,3]
and bylaws. Both of them later have been repeatedly amended. At the same time the important
category of forest genetic reserve has disappeared from the regulatory and legal framework. The
statute on the allocation and preservation of genetic fund of tree species on the forest territory of
the USSR approved by the Chairman of the USSR State Committee on Forestry on the 13th of
August 1982 was not published and is not currently legitimate. The "Concept of long-term
genetic improvement of Russian forests™ and the "regulations on the preservation of genetic fund
of Russian tree species” developed by the Institute of Forest Genetics and Breeding have not
been considered by the Ministry of Natural Resources and Environment of the Russian
Federation for an appreciable length of time. The genetic reserves mention in the "Guidelines for
forest seed breeding in the Russian Federation” (2000) was not included in the summarized
version of "Rules for creation and selection of forest seed breeding objects (seed orchards,
permanent seed plantations, etc)”, which should have been approved by the Ministry of Natural
Resources and Environment of the Russian Federation in 2014,

In this connection the following addition should be written in the Forest Code of the
Russian Federation:

Clause 59* Conservation of genetic resources

1. In order to prevent the decrease in intraspecific diversity of forest-forming species
there is a conservation project in progress aimed at the conservation of genetic resources of
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arboreal plant and elimination of negative implications of their genetic erosion.

2. Rules and regulations for the genofond of dendroflora species conservation and
rehabilitation shall be established by the authorised federal authority.
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BHYTPUBUJIOBASA UBMEHUYUUBOCTDb U JU®®EPEHIUALIUA ITPUPOJIHBIX
NOnyJsIUMN EJIU CUBUPCKOM (PICEA OBOVATA LEDEB.) IO
MUKPOCATEJIJIMTHBIM JIOKYCAM
Kpasuenko A.H., Ixapr A.K., lapuonosa A.S1.

Wuctutyrt seca um. B.H. CykaueBa CO PAH, Poccus; krava@fromru.com

Ha ocnoBe anHanm3a W3MEHYMBOCTH 9 TOIMMOP(HBIX MHUKPOCATEIUIMTHBIX JIOKYCOB
anepuoir  JIHK (EATC2C06, SpAGG3, UAPgAGI50A, UAPgAG150B, UAPgAG105,
EATCIB02, EATCIEO3, Pa 33, Pa 36) nosyueHbl JaHHbIE O BHYTPU- U MEXIIONMYJIALUOHHON
U3MCHYMBOCTH M creneHd aupepeHnuanuy nonyisuuii emu cubupckoit (Picea obovata
Ledeb.) u3 Kpachosipckoro kpas, pecrnyonuk: Antaii, bypstus u Monronus, Wpkyrckoit u
Marananckoi obnacreii. B kauectBe Marepuana A HMCCIEIOBAHUS HCIOJIb30BAIM XBOIO,
cobpanHyto ¢ 267 nepeBbeB B 9 MOMyIISIUAIX.

Bcero B 1eBsATM MHKPOCATEUIUTHBIX JIOKycax BbIsBIEHO 64 amnens, 19 u3 KOTOpbIX
ABIIAIOTCA  penkuMu. Yucno amenedl OOHApY)KEHHBIX B  HCCIEAOBAHHBIX HOMYJIALMIX
BapbUpoBasio oT 26 1o 44. Haubonblee aniensHoe pa3HoOOpazue HaOMI0AN0Ch B MOMYJISLUN
BanaBapa u3 OBenkun (KpacHosipckuii kpaii), HauMEHbIlIEe — B M30JUPOBAHHOMN MNOMYJIALNUU
MarasaH, ynajaeHHOM OT OCHOBHOIO apeania enu cubupckoil 6ornee yem Ha 700 km. CpenHee
YHUCIIO ajulesiell Ha JIOKYC BapbHpoBaio B momyisuusx ot 2.89 no 4.89, sa¢dexrtuBHOE uncio
amneneidr ot 1.84 nmo 2.78, 3HadyeHuss HaAOMIOZaeMOW U OXHAAEMOH Te€TePO3HUTOTHOCTH
cootBeTcTBeHHO OT 0.268 10 0.471 u ot 0.311 no 0.451. Cpengnue 11t U3ydeHHBIX MOMYIALUN
3HAUYCHUS JITUX IoKazarelei cocrapiasaan: Na=4.39; Ne=2.54; Ho=0.388; He=0.406. Camsie
HU3KHE 3HA4YEHMsI BCEX IIOKa3aTelled W3MEHUYMBOCTH IO M3YyYEHHBIM MHUKPOCATEIUIMTHBIM
JIOKyCaM SIZIEPHOTO F'€HOMAa YCTAaHOBJIEHBI B U30JIMPOBAaHHOM NOMYJIALMK e1u Marazas.

HccnenoBanue nonyssiMOHHON CTPYKTYpbl ¢ nomomplo F-crarncruk Paiita nmokasano,
YTO KaXKJJ0€ IePEBO B U3YUEHHBIX MOMYJISALMIAX €U CHOMPCKOil 0OHapyxuBaeT B cpeiHeM 4.9 %-
HBI 1epuuuT rerepo3uroTHbix reHotunoB (Fis=0.049) otHocutensHo nomynsauuu U 11%-Hbii
nepurut rtereposurotr (Fit=0.110) ortHocurenpHO Buma. Wumekc ¢ukcanuu Paiita Fst,
oTpaxaromud Mmepy nuddepenuumanun nomyisnuii, paseH 0.070. 3to o3Havaer, yTO Ha
MEXIOMYJIALNOHHYI0 T€HETUUECKYI0 W3MEHYMBOCTb INPUXOAMUTCA TOJBKO 7% BBIABICHHOW B
nomymsinusix u3MeH4unBocTU. OcranbHas u3MeHYuBOCTH (93%) cocpenoToyeHa BHYTpU
nomysiinii. Hanbonee Becomslit Bkian (18.9%) B auddepeHnnanyio nonyasiuii BHOCUT JIOKYC
EATC2C06, naumenbmuii (2.8%) — mokyc EATCI1EO03.

Crenenp reHeTHueckod auddepeHIMaMy MONYISIIUNA ONPEeNessiiii €  IOMOIIbIO
reHernueckux paccrossHuii D M. Heu (Nei, 1972), paccuntaHHblX 10 yacToTaM ajuieneil 9-tu
IIPOAHAIM3UPOBAHHBIX SAEPHBIX MUKPOCATEIUIMTHBIX JIOKYCOB. Y CTAHOBJIEHO, YTO F€HETUUECKOE
pacctostaue D mexny monymnsinusimu enu cudupckoit Bappupyet ot 0.011 mo 0.170, cocraBnss B
cpeaaeM 0.057. Ananu3 mosyuyeHHbIX 3HaueHUl D mokasan, uro HauOojiee 3HAUUTENbHBIE
pa3ianurs B FeHETUYECKON CTPYKTYype IO SAEPHBIM MUKPOCATEUIUTHBIM JIOKycaM HaOJI01al0TCs
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MEXy MomyJsinueii Maraian u ocTajJbHBIME BKJIIOUEHHBIMU B HCCe0BaHue nonysiusiyvu (D
BapeupyeT oT 0.106 10 0.170, cocrasssist B cpearem 0.123)
Paboma evinonnena npu punancosoii noooepsicke PODU (epanm Ne 13-04-00777).

INTRASPECIFIC VARIABILITY AND DIFFERENTIATION OF NATURAL
POPULATIONS OF SIBERIAN SPRUCE (PICEA OBOVATA LEDEB.) BY
MICROSATELLITE LOCI
Kravchenko A.N., Ekart A.K., Larionova A.Ya.

V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences, Russia;
krava@fromru.com

On the basis of the analysis of variability 9 polymorphic microsatellite loci of nuclear
DNA (EATC2C06, SpAGG3, UAPJAGI150A, UAPgAG150B, UAPgAG105, EATC1BO02,
EATCI1EOQ3, Pa_33, Pa_36), the data about intra- and interpopulation variability and degree of
differentiation of populations of Siberian spruce (Picea obovata Ledeb.) from Krasnoyarsk
Territory, Republics: Altai, Buryatia and Mongolia, Irkutsk and Magadan regions were obtained.
The needles collected from 267 trees in nine populations were used as a material for the study.

A total 64 alleles were revealed in 9 microsatellite loci, 19 of which were rare. The
number of alleles detected in the populations studied ranged from 26 to 44. The greatest allelic
diversity was observed in the population of Vanavara (Evenkia, Krasnoyarsk Territory), the
smallest - in the isolated population of Magadan which is remote from the main area of Siberian
spruce more than 700 km. The mean number of alleles per locus in populations ranged from 2.89
to 4.89, the effective number of alleles from 1.84 to 2.78, the values of observed and expected
heterozygosity, respectively, from 0.268 to 0.471 and from 0.311 to 0,451. The average values of
these parameters for the studied populations were: Na = 4.39; Ne = 2.54; Ho = 0.388; He =
0.406. The lowest values of all parameters variability studied microsatellite loci of nuclear
genome have been established in isolated population Magadan.

The study of population structure using the F-statistics Wright showed that each tree in
the studied populations of Siberian spruce has on average of 4.9% deficit of heterozygous
genotypes (Fis = 0.049) relative to the population and of 11% deficit of heterozygotes (Fit =
0.110) relative to the species. Wright's fixation index Fst reflecting a measure of population
differentiation equal to 0.070. This means that the interpopulation genetic variability accounts
for only 7% of the identified in populations variability. The rest of the variability (93%) is
concentrated within populations. The most significant contribution (18.9%) to the differentiation
of populations was made by locus EATC2CO06, the lowest (2.8%) — by locus EATC1EOQS.

The degree of genetic differentiation of populations was determined using genetic
distances D M. Nei (Nei, 1972), calculated on allele frequencies of 9 nuclear microsatellite loci
analyzed. It was found that the genetic distance D between the populations of Siberian spruce are
ranged from 0.011 to 0.170 and averaged 0.057.

Analysis obtained values D showed that the most significant differences in the genetic
structure of nuclear microsatellite loci are observed between population Magadan and others
included in the study populations (D ranged from 0.106 to 0.170 with a mean of 0.123).

This study was supported by Russian Fund of Basic Research (grant Ne 13-04-00777).

HUHTPOAYKIUSA PHYSOCARPUS MAXIM. B CEBEPHOM KA3AXCTAHE
Kpexosa 51.A., YeboTbk0 H.K.
Kazaxckuit HUU necHoro xo3siiicTBa u arpoiiecomenuopaiuu, Kasaxcran; yana24.ru@mail.ru

Cesepnbiii Kazaxcran Bximrodaet 4 oonactu — CeBepHo-Kazaxcranckyto, [laBinomapckyto,
Kocranaiickyto u AkMoOIMHCKYI0. EcTecTBeHHBIH (IOPHCTHYECKUN COCTaB JI€PEBECHO-
KYCTapHUKOBON PpacTUTENbHOCTH N0BOJbHO OeneH (123 Bupma). OOycIOBIEHO 3TO JOBOJIBHO
KECTKMMHU TPUPOJHO-KIMMATHUYECKUMH YCIOBUSIMU. B TeueHMM rojga HaOMIONAIOTCS pe3KHe
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KoJIeOaHUsI CpeIHEMECSYHBIX TeMIlepaTyp, CpeaHss rojosas temmeparypa cocrasiser 0,8 °C.
Cymma ocaakoB — 260-390 MM, pactipenesnsitoTcsi HEpaBHOMEPHO, BETPOBOM PEKUM yCHUIICHHBIH.

OObekTaMM HHTPOAYKIMOHHBIX HccienoBaHuii B CeBepHoM Kazaxcrane sBistoTCA
nenapornapk u apooperym Kazaxckoro HMU necnoro xo3siicTBa, KOTOpbIEe OBLIM 3aJI0KEHBI B
1961 u 1966 rr. cOOTBETCTBEHHO. 3a BpeMs IPOBEIEHHBIX HCCIEIOBAaHUN Ha TEPPUTOPUU
JIeHapornapka u apOoperyma Juiss UHTPOIYKIIMOHHOTO MCHBITaHUS ObUIO mpuBiedeHo 10 BUAOB,
dopm u coproB Physocarpus Maxim. B kosiruectBe 49 o6pasioB. CemeHaMH ObUIO TPUBJICYCHO
41 obpa3zerr, ca)keHIIaMHU — 5 U CcesTHIIaMu — 3 oOpas1a.

Physocarpus Maxim. (my3sIpeIioJHHK) OTHOCHUTCS K cemeiicTBy Rosaceae Juss. Pon
BKJIIOYaeT okojo 10 BuIOB, pacnpocTpaHeHHbIX B Boctounoit Aszum um CeBepHOUl AMepHKe.
Packunucreie 1eKOpaTUBHBIE JINCTONAIHBIE KYCTAPHUKH, BBICOTOM 10 2-3 M, C OTCIauBaroIiencs
KOpOH M KpYMHBIMU 3-5 JIOMACTHBIMH JTUCThSIMU. belble IBETKU PaclonokKeHbl B MOHUKAIOIINUX
IMIUTKOBUIHBIX colBeTHsx. L[Berer B uione. Ilmoasl — coOpaHHBIE JTHCTOBKH, KOTOpBIE TOCIHE
OTILIBETaHUS KPACHEIOT, a 3aTeM MPUOOpPETaoT OYpbIii OTTEHOK.

[Ty3pIperuIOAHUKN MOPO30CTOMKH, 3aCyXOYCTOMYMBBI U TEHEBBIHOCAUBBL. OTINYAIOTCS
ObICTpBIM pocToM. K MOYBEHHBIM yCTIOBHUSAM HENPUXOTIMBBI, HO TUIOXO MEPEHOCAT U30BITOUHOE
yBIaXHEHHWE U 3acTod Biard. CHocoOHBI XOPOUIO MEPEHOCUTh TOPOJICKHE  YCIIOBUS
(ra3oycToiluuBbI).

3a BpeMs HCCIICOBaHUI B JEHApOINApK OBLIO BBICAXKEHO 8 BHIOB, (OpPM M COpPTOB
My3BIPEIUIOIHNKA, B HACTOsIIEe BpeMs IpouspacTtaeT 6 BuaoB. [Ipuunnamu rubenu pacTeHuit
ABJIIETCS. HECOOTBETCTBHE YCIIOBUM NPOM3PACTaHUs, OTCYTCTBHE aJalTallli, CBOEBPEMEHHOIO
MOJIMBA WM YXOJA.

Ph. opulifolius (L.) Maxim. (n. xamunomucthsiii), Ph. capitatus (Pursh) Kitze. (m.
rosioBuateiit), Ph. intermedia (Rydb.) Schneid. (1. mpomexyTo4HBIi) MPUBICUYCHBI CEMCHAMH M3
r. Hmwknaero Hosropona (r. ['opekuit). Bo3pact 46 ner.

O6pasusl cemst Ph. amurensis Maxim. (1. amypckuii) mony4ens! u3 . Tomcka. Bo3pact
46 ner.

Haubone wmomomsie pactrenus (26 ser) — Ph. monogynus (Torr.) Coult. (m.
onHonectuunblit) u Ph. ribesifolius Kom. (. cMOpoJMHOMUCTHBIN) MOMYyYEeHbI CEMEHAMH H3
ropozoB Epesan u JIumnenk no ooMeHHOMY (OHY.

B apboperym ObL710 BBICAXKEHO 5 BUIOB, HO JO HACTOSIIETO BpeMsi coXpaHuics 1 Buj.
Ph. opulifolius (L.) Maxim. (m. xamunonuctHbIi). Cemena monydeHsl B 1960 romy w3 T.
Hwxuero Hosropona (r. ['opekwuit). Bo3pact 55 ner.

B ycnoBusix CeepHoro Kazaxcrana Bce mpom3pactaromiue 3k3eMiusipsl Physocarpus
Maxim. npoxXoAsT NOJHBIN LUK Ce30HHOTO pa3BuTHs. CpenHss gaTa Hayana BEreTaluu y BcexX
U3y4aeMbIX BHUJOB OTMeYeHa B mepuoj c¢ 14-23 ampens u mponoykaercs 10 12-17 okxts0ps.
[[BeTyT my3bIpEIIOAHUKHU PETYISIPHO ¢ 5-6 j1eT, Bo BTOpoii nmojoBuHe (¢ 15 mo 23) utons. [lnoas
HauuHAIT co3peBaTh ¢ 20 U0 U 3aKkaHuYMBaeTcs 3Ta (asza B cpeaHeM 24-28 aprycra. JIuctes
COXpaHSIIOTCSl /10 TJIyOOKOM OCeHM, MpHOoOperass KpacHOBATBHIM, MKENThI MM OpaH)KEBBIN
OTTEHOK. BpenutensmMu u 60e3HIMU HE NMOBpEeXAaTUCh. OYEHb XOPOIIO NEPEHOCAT CTPHKKY.
JlaHHBIE DSK30TBI OTHOCATCS K JEKOPATHBHOM TpPYIIE PAcCTE€HUM, YTO MO3BOJISIET IIHUPOKO
MCIIOJIb30BaTh UX B 03€JICHEHUN HACEJIEHHBIX MECT.

INTRODUCTION OF PHYSOCARPUS MAXIM IN THE NORTHERN KAZAKHSTAN
Krekova Y.A., Chebotko N.K.
Kazakh Research Institute of Forestry and Agricultural Afforestation, Kazakhstan;
yana24.ru@mail.ru

Northern Kazakhstan comprises 4 provinces: North Kazakhstan Oblast, Pavlodar Oblast,
Kostanay Oblast and Akmola Oblast. The region has rather few species of shrubs and trees
(123). Such a low number of species is caused by the harsh climate. With sharp fluctuations of
average monthly air temperatures, the mean yearly temperature is 0.8°C. At 260-390 mm per
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year, the amount of precipitation is distributed unevenly throughout the year. The region is
characterized by strong winds.

The objects of introduction study in Northern Kazakhstan are the tree nursery and
arboretum of the Kazakh Research Institute of Forestry, which were founded in 1961 and 1966
respectively. The study looked at 49 samples of Physocarpus Maxim of 10 different species,
forms and kinds. Forty one of the samples were acquired using seeds, five using saplings and
three using seedlings.

Physocarpus Maxim. (the Ninebark) belongs to the Rosaceae Juss family. The genus
includes about 10 species and is native to East Asia and North America. Physocarpus Maxim.
are 2-3 meter tall branchy deciduous shrubs with peeling bark and large 3-5 lobe leaves. The
white blossoms occur in drooping corymbose clusters. Physocarpus Maxim. blooms in June. The
fruit of the shrub are follicles which become red after blossom fading and later acquire a brown
shade.

The ninebark is a frost-hardy, drought-resistant and shade-enduring plant. It is
characterized with quick growth. Unpretentious to soil conditions, the plant is vulnerable to
excessive moisture or stagnant water. Also, the ninebark endures urban conditions well (gas-
resistant).

In the course of the study, 8 species, forms and kinds of ninebark were introduced into
the tree nursery; to date 6 species remain. The loss of plants was caused by the difference in local
conditions as well as lack of adaptation and timely watering and care.

Ph. opulifolius (L.) Maxim., Ph. capitatus (Pursh) Ktze., and Ph. intermedia (Rydb.)
Schneid. were acquired in the form of seeds from Nizhniy Novgorod. Their age is 46 years.

Samples of Ph. Amurensis Maxim. seeds were received from Tomsk. Their age is 46
years.

The younger trees (26 years old) - Ph. monogynus (Torr.) Coult. and Ph. Ribesifolius
Kom. were acquired as seeds from Yerevan and Lipetsk as part of an exchange program.

Five species were introduced to arboretum, but to date only one species - Ph. opulifolius
(L.)Maxim. — has remained. The seeds were received in 1960 from Nizhniy Novgorod. The age
is 55 years.

In the conditions of Northern Kazakhstan all samples of Physocarpus Maxim. go through
a full cycle of seasonal development. The vegetation in all studied species is observed to start
around 14-23 April and continues until 12-17 October. The ninebark blossom regularly from the
age of 5-6, in the second half of June (from 15 to 23). The maturity phase starts around 20 July
and ends 24-28 August. The leaves preserve well into the fall and acquire a reddish, yellow or
orange shade. The plants did not suffer from any diseases or pests. They are very tolerant to
clipping. These alien plants are ornamental shrubs extensively used in landscaping populated
areas.

I'EHOMHBIE U QITUT'EHOMHBIE MEXAHU3MbI AJAIITAIIUU JIECHBIX
JAPEBECHBIX BU/10B
KpyroBckui K.B.}234
! Pérrunrenckuit yHHUBepcuTeT UM. I'eopra-Asrycra, ['€rrunren, ['epmanus;
kkrutovsky@gmail.com
2 Wuctutyt o6mmeii renetuxku um. H.W. BaBunoa PAH, Mocksa, Poccus
3 Cubupckuii penepanbubiil yausepcuret, Kpacnosipck, Poccust
* Texacckuit yausepcuteT A&M, Komnemx-Creitmien, Texac, CILIA

DONHUreHeTUYeCKre U3MEHEHHUsI B TEHOMaX PACTEHHI U )KMBOTHBIX, BEI3BAaHHBIE BIUSHUEM
OKPY’KaIOIIEH Cpeabl M BIUSIONIME HAa SKCIPECCHIO TEHOB M, TAKUM 00pa3oM, Ha (PEHOTHIIHI,
U3BECTHBI JaBHO. HO TONbKO B mocienHee BpeMsi MOSBUIMCh METObI, MO3BOJISIONINE U3y4YaTh
9TH W3MEHEHUS Ha MOJTHOTEHOMHOM YPOBHE U CPABHHBATh UX MEXIY Pa3HBIMH OCOOSIMU BHYTPH
BUJIOB, MEXIY Pa3HbIMU BUIAMH U B TOKOJIEHUIX. OKa3al0Ch, YTO HEKOTOPHIE SITUTCHETUUECKUE
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U3MEHEHUs, Takue kak merunupoBanue J|HK u anerwnupoBaHune THCTOHOB MOTYT OOBSCHUTH
0oJbIIe aganTUBHBIX (PEHOTUMHUECKUX Pa3IWYMil, YeM HYKJICOTHIHBbIC 3aMEHBbl WM JIpYyrHe
TUNBl TEHeTHYeCcKuX MyTranuid. [lpm »TOM snureHernyeckue H3MEHHUS B OTIUYHE OT
FeHEeTUYECKUX MyTalMi (eclu He CUMTaTh pEAKUE BO3BpAaTHBIE MyTauuu) oOpatuMmel. bonee
TOTO, HEJABHO OOHApYKWUJIOCh, 4YTO HEKOTOphlE M3 HUX OYEHb YCTOHYMBBI M MOTYT
HACJIEIOBATbCsl B TEUEHHWE MHOTMX MOKOJeHWi. B nokmane OyayT mpeacTaBieHbl MPUMEPHI
TaKOM <«GIUI€HETUYECKON MaMsATU» B Pa3HBIX BUAAX, B TOM YHUCIE JIECHBIX JAPEBECHBIX BUJIAX.
Kpome toro, OyayT paccMoTpeHbl U 00CYXIeHbl Hanboyiee COBPEMEHHBIE METOIbl W3y4YCHHS
metwivpoBanust JIHK (onHOro H3 OCHOBHBIX SIUICHETUYECKUX MEXAHU3MOB PETYJISLUU
9KCIIPECCUM T€HOB) M OOHAPYXKEHHs] SMUTCHOMHBIX MAapKEPOB C MOMOILIBIO MOJIHOT€HOMHOIO
OMCYTb(UTHOTO CEKBEHHPOBAHHS W WCIOJIb30BAHUS UYBCTBUTEIBHBIX K METHJIMPOBAHUIO
n30(OpM PECTPUKLIMOHHBIX SHOHYKIIEa3.

Paboma ewinonnena 6 pamkax npoexma «lenommuvie uccie0o8anusi OCHOBHBIX
bopeanvHblx 1€CO0OpPA3YIOUWUX  XBOUHBIX 6UO08 U UX Haubolee ONACHbIX NAMO2EHO8 8

Poccuiickoti Deodepayuuy, Qunancupyemozo Ilpasumenvcmeom PO (0ozosop
Mo 14.Y26.31.0004).

GENOMIC AND EPIGENOMIC MECHANISMS OF ADAPTATION IN THE FOREST
TREE SPECIES
Krutovsky K.V.1234
! Georg-August University of Géttingen, Gottingen, Germany, kkrutovsky@gmail.com
2N.1. Vavilov Institute of General Genetics, Russian Academy of Sciences, Moscow, Russia
3 Siberian Federal University, Krasnoyarsk, Russia
* Texas A&M University, College Station, Texas, USA

Epigenetic changes in plant and animal genomes caused by environment and affecting
gene expression and thus phenotypes are known for a long time. However, only recently
developed methods allow us now to study epigenetic changes at the genome-wide level and
compare them between different individuals and species and across generations. It turned out
that some epigenetic changes, such as DNA methylation and histone acetylation may explain
more adaptive phenotypic differences than nucleotide substitutions and other types of genetic
mutations. Epigenetic changes are reversible in contrast to genetic mutations (except for rare
back mutations). Moreover, it was found recently that some of them are very stable and can be
inherited for many generations. The presentation will demonstrate examples of such "epigenetic
memory" in different species, including forest trees. In addition, the most modern methods for
studying DNA methylation (one of the main mechanisms of epigenetic regulation of gene
expression) and for detection of epigenetic markers using genome-wide bisulfite sequencing and
methylation-sensitive restriction endonuclease isoforms will be presented and discussed.

The presented study was a part of the project "Genomic studies major boreal coniferous
forest tree species and their most dangerous pathogens in the Russian Federation" funded by the
Government of the Russian Federation (contract Ne 14.Y26.31.0004).

PEJAKHUE ®OPMbI KEAPA CUBUPCKOI'O (PINUS SIBIRICA DU TOUR)
BANKAJBCKOM NONYJISIIUA
Ky3nenosa I'.B.
Wuctutyrt seca um. B.H. CykaueBa CO PAH, Poccus; galva@ksc.krasn.ru

Jns poma Pinus xapakTepeH IBYXJICTHHM IMKJI Pa3BUTHS KCHCKHUX IIMIICK, B TOJ
[[BETECHUSI PAa3BUBACTCS TOJHKO O3MMb, M JIUIIb Ha BTOPOH TOJ IMPOWCXOMAT OIUIOJOTBOPEHHUE
CEMSTIOUEK U POCT HIMIIEK U CEMSH JI0 UX OKOHYATEIHHOTO pa3Mepa U co3peBaHud. s oueHb
penakux ¢GopM AEepeBhEB Keapa CHOMPCKOro, OOHAPYKEHHBIX B Mpearophe 3amagHoro CasiHa
(Mpomnukos, 1974; Mununa, Jlapuonoa, 1976), a taxxe B Xamap-/labane (KapGaunos, 1982;
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HpomnukoB, 1985) xapakTepHO IIOMHUMO JIBYXJIETHETO pa3BUTHs ILIMIIEK o0Opa3oBaHue
9H/IOCTIEPMA Y CEMSH B I'0Jl LIBETEHMsI, TO €CTh Ha I'0Jl paHblle, 4eM y TUIHYHBIX GopM. Dopmbl
TaKHUX JIEPEBbsl OTHOCSTCS K YCKOPEHHOMY Tully pa3Butus muiek (Mpomnukos, 1974). Onnako
3a BereTallMOHHBIA IEpUOA B TOJA LBETCHHs IIMIIKA, CEMEHa HE JOCTUIalT pPa3MepoB,
XapaKTEpHBIX NPU JBYXJIETHEM LIMKJE Pa3BUTUSA. B oTnenbHbIE roJbl BCE CEMEHHBIE YELIYH U
caMma LIMIIKA B TOJ LBETEHUs CHIIBHO Pa3pacTaroTcs, AOCTUrasi OYTH HOPMaJIbHON BEIUYMHBI,
CBOMCTBEHHON JBYXJETHEMY Pa3BUTHUIO, TEM HE MEHEE, CEMEHAa B TAKUX OJHOJIETHUX IIMILIKAX
OCTalOTCsl HEAOPa3BUTHIMU O€3 3HAOCIEpMa U 3apojiblilla, ¥ caMa ILIMILIKA ONaJaeT B 3UMHHUMN
nepuon. Yacte penkux (opM TakuX JEpeBbEB Keapa CHOMPCKOTO HMMEET CMEIIaHHBIN THII
(GopMHpOBAHNUS KEHCKHUX LIMILIEK, KAK C OJHOJETHUM, TaK U JIBYXJIETHUM LIUKJIOM UX Pa3BUTHS.
@opMbI JIepeBbEB CMEMIAHHOTO(GOPMHUPOBAHUS KEHCKUX IIUIIEK MPOU3PACTalOT B Hamboiee
ONTUMAJIBHBIX YCIOBUAX B HHU3KOTOPHO-BBICOKOTPABHO-IIAIIOPOTHUKOBOM KEIPOBHUKE Ha
BbicoTe 350-400 M Hax ypoBHeM Mops B BozpacTe 90-100 ner.

B OGaiikanbckoil mnomynsuuu ObLIM HCCIIEAOBaHBl peikue (GopMbl JepeBbeB Keapa
CUOMPCKOrO CO CMEUIaHHBIM IMKJIOM pa3BUTHs JKEHCKMX IIMIIEK B paiioHe balikaabckoro
3anoBenHuKa (PecniyOnuka bypstus, Tanxolickoe necHuyectBo). Bo3pact usydaeMbix JepeBbeB
Oaiixanbckoi nonynsuuu — Oosiee 100 net. J{ns 1aHHBIX J€pEeBbEB XapaKTepHa U3BMEHYUBOCTH B
pPasBUTHU ILUIIEK — OT CMEIIAHHOIO M J0 HOPMAJIbHOIO JABYXJETHEro LHMKIa pa3BuTusi. Ha
JIEpEBbsIX OalKaJIbCKON MOMYJISLUN OTMEUYEHO HaJIMUMEe KaK JBYXJIETHUX, OJHOJETHUX >KEHCKHUX
HIMIIEK, TAaK ¥ O3UMH C Pa3pOCLIIMMUCSA BHU3Y U HOPMAJIbHBIMH CEMEHHBIMH YELTYsIMU.

Penxue ¢opmbl epeBbeB Keipa CHOUPCKOTO CO CMEIIAHHBIM THUIIOM Pa3BUTHS HIMIIEK
SBJISIIOTCSI MHTEPECHBIM OOBEKTOM JUISl CEJEKLMM U MHTPOAYKLHMHU Keapa CUOMPCKOro, a TakxkKe
JUIS U3y4EHHMSI B LIEJIOM DBOJIIOLIUU KEIPOBBIX COCEH.

RARE FORMS OF SIBERIAN STONE PINE (PINUS SIBIRICA DU TOUR) IN THE
BAIKAL POPULATION
Kuznetsova G.V.
V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences, Russia;
galva@ksc.krasn.ru

For Siberian stone pine two-year cycle of female cones development is typical, female
cones appear in the first year as only pollinated, but fertilization of the ovule, the growth cones
and seeds to their final size and maturation takes place in the second year. For very rare forms of
Siberian stone pine found in the foothills of the Western Sayan (Iroshnikov 1974, Minina,
Larionoval976), as well as in the Hamar-Daban (Karbainov, 1982; Iroshnikov, 1985) in addition
to the characteristic of the two-year cones endosperm formation in seeds flowering year, that is
one year earlier than the typical form. The forms of this trees relate to the accelerated
development of type cones (Iroshnikov, 1974). However, during the growing seasonin a year
flowering pine cone, seeds do not reach the size typical in the two-year development cycle. In
some Yyears, all the seed scales and pine cone in a year flowering grow strongly, reaching near
normal values characteristic of a two-year development, however, the seeds of annuals cones
remain under developed without endosperm and germ, and pine cone shed in winter. Some rare
forms of Siberian stone pine trees has a mixed type of formation of female cones, both annual
and two-year cycle of development. Tree forma mixed form of female cones grow in optimal
conditions in low-tall-fern stone pine forest at an altitude of 350-400 meters above sea level at
the age of 90-100 years. The Baikal populations were studied rare forms of Siberian stone pine
trees with a mixed cycle of female cones near the Baikal Reserve (Republic of Buryatia,
Tanhoyskoe forestry). Age of trees studied Baikal population - more than 100 years. For these
trees are characterized by variability in the development of buds - of mixed and normal to the
two-year development cycle. The trees Baikal noted the presence of the population as a two-
year, annual female cones, and winter wheat with overgrown bottom and normal seed scales.
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Rare forms of Siberian stone pine trees with a mixed type of cones are interesting object
for selection and introduction Siberian stone pine, as well as for the study of the overall
evolution of pines.

OLHEHKA AJAIITAIHUMOHHBbIX BO3MOXHOCTEH KEAPOBBIX COCEH K
PA3JIMYHBIM DKOJOI'MYECKHUM ®AKTOPAM B MECTAX UX
TECTUPOBAHUS
Ky3neunona r.B.,T POAHUIKAS I/I.I[.l, MaxkapuxkoBa P.I1.7 Haymoga H.B., I'pex B.C.},
JlapukoBa F0.A., I'paues AM?

! Mucrutyr neca um. B.H. Cykauesa CO PAH, 2 UTTACO PAH, * lansHUWJIX, * Cubupckuit
®enepansbii Yausepenrer, ° XTU, Poceust; galva@Kksc.krasn.ru

Jis wW3ydeHWs aJanTalyd, BBISBICHHS OHOTHYECKMX CBONCTB, 3aKOHOMEpPHOCTEU
B3aUMOJICHCTBUS OMOJIIOTMYECKUX COOOIIECTB B UCKYCCTBEHHBIX (PUTOLIEHO3aX KEAPOBBIX COCEH
(xkenpa cubupckoro (Pinus sibirica Du Tour) u keapa kopeiickoro (Pinus koraiensis Siebold et.
Zucc.)) B Mecrax MX TecTHpoBaHus Ha tore KpacHosipckoro kpas u B Xa0apoBCKOM Kpae
IPOBEICHBI HAOIIOACHHUS 32 POCTOM, XapaKTEPOM UX Pa3BUTHS B YCIOBUAX HEOOBIYHOTO ISl HUX
coyeTaHusl KiIMMaTa M IOuBbl. B 000MX MecTax TecTHMpOBaHUs TIeorpauyeckux KyinbTyp
OTMEUEHA BBICOKAsi COXPAaHHOCTh y BCEX KJIMMATUIIOB KEIPOBBIX COCEH B 5 jieTHeM Bo3pacte. K
20-40 nernemy Bo3pacTy B XabapoBCKOM Kpae Habiaromaercst OoJblIas 3IMMUHALMS JEPEBbEB,
KaK y KyJIbTyp KeIpa CHOMPCKOrO, Tak M y KJIMMAaTHUIIOB Kelpa Kopeickoro. IIpoBeneHHBbIN
KOPPEJSILIMOHHBIM aHaJIN3 UHAEKCOB IIMPUHBI TOAUYHBIX KOJIEL] y KJIMMATUIIOB KEJPOBBIX COCEH
C TemmepaTypol M ocaJkaMM B MECTaxX TECTHUPOBAHMUS BBISIBWI JOBOJBHO BBICOKYIO
OTPHLIATENIbHYIO KOPPEJIALNIO LIMPUHBI TOJIMYHOTO KOJIbIIA Y KeJIpa CHOUPCKOTO € 0CaJKaMU Mast
B XabapoBckoMm Kkpae. Takas 3aBHCHMOCTH JIEMOHCTPUPYET PEAKIHMIO Keapa CHOMPCKOTO Ha
HEeOJIaronpusATHbIE YCIOBHUS POCTa, B pPE3yjibTaTe YEro, BBIABICHO OTCTaBaHUE B pOCTE M
dopMUpOBaHHE Y3KMX KOJEI 10 CpPaBHEHUIO C TAaKOBBIMM B ONTHUMAJBHBIX YCIOBHSX
KpacHosipckoro kpasi. DKCIEpUMEHTAJIbHO IOKa3aHO, YTO COXPAHHOCTb TIeorpaduueckux
KyJIbTYp B MeCTaX TECTHPOBAaHHUS HE CBf3aHA C IMPOMCXOXKJIEHUEM CEMsH, a 00ycJioBIeHa
YCIIOBUEM MX ITPOU3PACTAHMSI HA JIECOKYJIBTYPHOH TUIOIIAIN.

B pesynbrare aHanu3a HEKOTOPBIX XUMUYECKUX U MUKPOOHUOJIOIMYECKUX CBOWCTB IOYB B
XabapoBCKOM Kpae OBIJIO YCTaHOBJIEHO, 4YTO B YCJOBUSAX MCKYCCTBEHHBIX (DUTOLIEHO30B
KEJIPOBBIX COCEH pOCT M pa3BUTHE JI€PEBHEB MPHUBOAAT K MPOSBICHUIO BO3JACHCTBUS HX
MEXBHUJIOBOM H3MEHYMBOCTM Ha HEKOTOpble XMMHUYECKHE CBOWCTBA IOYBBI (KHUCIOTHOCTb,
coJiep’KaHue TOJBUKHBIX (POPM IMUTATEIBHBIX JIEMEHTOB, COJIEH U HEOPTaHUYECKOTO YIIIEpoa).
Muxkpobuonoruyeckass akTUBHOCTh MOYBEHHOM MHKpoOOMOTHI (1m0 3HadeHusM MB) B Oypoit
JIECHOM IOYBE BBIIIE TAKOBOM B CEpPOM JIECHOM HEONOA30JICHHOW nouBe KpacHospckoro kpasi.
[TokazaHo, 4To KeIp CHOUPCKHMI Jaxe B OSKCTPEMaJbHBIX [UII €ro pocTa YCIOBHUSIX
(XabapoBckoM Kpae) cmocobeH (GopMUpOBaTh JIOBOJBHO AKTUBHO (DYHKIIMOHUPYIOIINE
MHUKPOOOIIEHO3bI, 00eCTIeYNBAOIINE PEBOCTON HEOOXOAMMBIMU MUTATEIBHBIMH JJIEMEHTAMH, a
TaKk)ke CrocoOCTBOBAaTh MHTEHCHUBHOCTHM OMOXMMHUYECKUX IPOILIECCOB, 3@ CUET MOBBIIIEHHOIO
COJIepKAaHUS THAPOJIIUTHUECKUX U OKUCIUTENbHBIX (PePMEHTOB.

[TonydyeHnHble naHHble 1O (EHOTUIINYECKUM, aHATOMO-MOP(OIOTrHYECKHM IMpPU3HAKAM,
¢uTonaronornyeckoMy  OOCIIEZIOBAaHUIO  KJIMMATHIIOB  KEAPOBBIX  COCEH, a  TakKke
arpOXMMHUYECKOMY U MHUKpPOOHMOJIOTHYECKOMY aHAJM3y MOYB B UCKYCCTBEHHBIX (DUTOIIEHO3aX B
MecTax MX TecTHpoBaHUs Ha tore KpacHosipckoro m Xa0apoBCKOM Kpasix MO3BOJMIIM BBISIBUTh
cnenuduKy MpucrnocoOyieHus, alanTauilo K HOBBIM YCIOBHUSIM CYIIECTBOBAHMS UCCIENYEMbBIX
KyneTyp. Ilpu cpaBHEHMH pocTa M COCTOSIHUSL KEIPOBBIX COCEH Oosiee 01aronpHusTHBIE YCIOBUS
BBIABJIEHBI I KEPOBBIX cOceH B Bo3pacTe 40 et Ha rore KpacHosapckoro kpasi.

Paboma noooeporcana epanmom PODU Ne 13-04-01671.
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EVALUATING THE ADAPTATION CAPABILITIES OF SIBERIAN PINE AND
KOREAN PINE TO VARIOUS EKOLOGICAL FACTORS AT THE TESTING SITES
Kuznetsova G.V.}, Grodnitskaya 1.D.}, Makarikova R.P.?, Naumova N.B.%, Grek V.S.%,
Darikova Yu.A.*, Grachev A.M.°
1V/.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences, Russia
2 Institute of soil studies and agrochemistry, Siberian Branch of Russian Academy of Sciences,
Russia; galva@ksc.krasn.ru
% Far East Forestry Research Institute, Russia
% Branch of the Siberian Federal University, Russia
> Khakasia Technical Institute, Branch of the Siberian Federal University, Russia

We conducted observations of growth, the character of development of Siberian pine
(Pinus sibirica Du Tour) and Korean pine (Pinus koraiensis Siebold et. Zucc.) in the conditions
of unusual for them combination of climate and soil at the testing sites in the south of the
Krasnoyarsk Region and in the Khabarovsk Region. This was done in order to study the
adaptation, identify biotic properties and regularities in the interaction of biological communities
in artificial plant communities. At both testing sites of different provenance pines we observed
high level of preservation for all provenances of 5-year old pines. When they reach the age of
20-40 years in the Khabarovsk Region there is a large elimination of trees both for Siberian pine
and Korean pine of different provenances. The correlation analysis of the indexes of tree-ring
width for pines of different provenances with temperature and precipitation at the testing sites
that we carried out showed a relatively high negative correlation between the tree-ring width of
the Siberian pine with precipitation of May in Khabarovsk Region. This dependence
demonstrates the reaction of Siberian pine to the unfavorable growth conditions, which results in
the reduced growth and the formation of rings that are narrower, compared with those in the
optimal conditions of the Krasnoyarsk Territory. It was shown experimentally that the degree of
preservation of trees of different provenances at the testing sites is not related to the origin of the
seeds. It is determined by the growth conditions at the testing sites.

The analyses of some chemical and microbiological properties of the soil in the
Khabarovsk region showed that some chemical properties of the soil (acidity, the content of
mobile forms of nutrients and inorganic carbon) may be altered due to pine growth and
development under the conditions of artificial phytocenoses. The microbiological activity of soil
microbiota in the brown forest soil is higher than that in the gray forest non podzolized soils of
the Krasnoyarsk Territory. It is shown that Siberian pine even is able to form quite actively
functioning microbiocenosis in the conditions that are extreme for its growth (Khabarovsk
Territory). This microbiocenosis provides necessary nutrient elements for the tree stand and also
contributes to the intensity of biochemical processes, due to the higher content of hydrolytic and
oxidative enzymes.

Special features of adaptation and the process of adaptation to the new conditions of
growth of the studied species were illuminated with the data that we obtained on phenotypic,
anatomical and morphological characteristics, phytopathological inspection of pines of different
provenances, as well as the data on agrochemical and microbiological soil properties in artificial
plant communities at the testing sites in the south of the Krasnoyarsk Region and in the
Khabarovsk Region. When comparing the growth processes and condition of the pines more
favorable conditions are found for pines in the age group of 40 years in the south of the
Krasnoyarsk Region.

This study was supported by the RFBR grant No. 13-04-01671.
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PEINPOAYKTUBHBIN IMOTEHIIUAJI PINUS SYLVESTRIS L. U CTPATETHUSI
BbBI’KUBAHUSA BUJA B YCJIOBUSAX U I'NTIOBAJIBHOT'O UIBMEHEHUSA KIIMMATA
Ky3neunosa H.®.

Bceepocculickuii HAay4YHO-UCCIEI0BATEIbCKAN HHCTUTYT JIECHON T€HETUKH, CENIEKLINU U
ouotexHosorun, Poccus; ilgis@lesgen.vrn.ru

B Poccun rio6anpHOE MOTEIUICHHE KJIMMaTa 3aTpPOHYJIO OOJIBbIIYIO YacTh EBpomeickoit
yacth, tor 3amagHoii Cubupm, Ilpubaiikanbs, 3abaiikanbs © ceBEepoO-BOCTOK SKyTun
(3amonomumnkos, 2011). CpeaHepycckas I€COCTENb — 3TO 30HA MPOTYKTUBHBIX COCHOBBIX JIECOB,
XapaKTEPU3YIOLIMXCS BBICOKUM PENPOIYKTUBHBIM IOTEHLHUAIOM. Y4 BETETAllMOHHBIX CE30HOB
ABJISIIOTCSl YPO’KallHBIMU /ISl COCHbI: MHTEHCUBHOCTh CEMEHOLIEHUs COCTaBisAeT 4-5 GaylIoB IO
mkane Kamnmnepa, monnosepuucrocts ceMsH — 80-90%, uucno cemsn B mummke — 19.6-26.1 mr.,
naboparopHass BcxoxkecTh cemsiH — 80-90%, monst uHOpenubix noromctB — 6.9-8.3%. Ha
AHAIN3UPYEMON TEPPUTOPUU TOCIETHEE ACCATUIETHE CTAJIO CaMbIM TEIUIBIM 3a BCIO MCTOPUIO
MeTeOoHa0I0IeH!H, 0oJIee YeM BBOE CHU3WIICA YPOBEHb IPYHTOBBIX BOJ, YBEJINYMUIIOCH YUCIO U
HaMPsHKEHHOCTH 3acyX. Kak u3BectHO, Pinus sylvestris — ato 3acyxoycroiumBas mopoja. JJaxe B
cuibHelyo 3acyxy 2010 r. BepxHuii mpeaen *KapoycTOHUYUBOCTH BUJa HE ObLT JOCTUTHYT. Ho
ee reHepatuBHas cdepa YyTKO pearupyeT Ha IHOrojHbIN cTpecc. B 3acyxy crparterus Buaa
HalpaBjieHAa Ha MOJUIep)KaHUE PENPOAYKTUBHOIO IIPOLECCa, COXPAHEHHE TI'€HETHYECKOIro
pa3HooOpa3usi CeMsH, IOBBIIIEHHE WX YCTOMYMBOCTM K AapUIHBIM YCJIOBUSIM, IIyTEM
(GopMHpOBaHUS CEMEHHOro TIeHO(OHJIAa MO HPUHIMILY B3aUMOJCHCTBUS «TCHOTHII-CPENa.
MOHHUTOPUHI CUCTEM CEMEHHOTO0 pPa3MHOXKEHMs B JUIMTENbHOM nuHamuke (1987-2014 rr.) Ha
OJTHOW M TOM ke momyiasuuoHHoN BbliOOpke (30 nepeBbeB) MOKa3aj, YTO B ONTUMAJIbHBIE T'O/bI
JI0J1s1 MHOPUAMHTA M PENpPOAYKTHBHBIN BKJIQJ KaXJIOTO JepeBa B CEMEHHYIO MPOIYKIHIO T0/a
BapbUPYIOT HECYLIECTBEHHO. B 3acylnBbie 1o/l IPONOPLHUOHAIBHO CHUJIE IOTOJJHOI'O CTpecca
CHU)KAETCS KOJIMYECTBO U KaUE€CTBO BBKMBIINX CEMSIH, M3MEHSAETCS UX T€HOTUIIMYECKHI COCTaB.
AJZlanITUBHBIE NEPECTPONKN CONPSDKEHBI ¢ TAKMMM DKOJIOTUYECKU 3aBUCUMBIMU M T'€HETUYECKU
00yCIIOBJIIEHHBIMH TIPOLIECCAMU, KaK: TOJBUXHOCTh CUCTEM CEMEHHOI'O Pa3MHOXKEHHUS B paMKax
NOTEHLMAJIbHON HOPMBI PEAaKIMHM IPU3HAKOB; PAaCIIUPEHHE T'€HOTUIHYECKON H3MEHYHMBOCTH
FeHEeTUYECKOT0 MaTepuaja BO BpeMs Melo3a, OIUIOAOTBOPEHUS U €€ CYXKEHHE B XOJe
npeIdMOPHOHATIBHOIO M SMOpPHOHANIBHOTO 0TOOpa. BaxkHyro ponb B BbIpabOTKe ajanTanuil K
apUJIHBIM YCJIOBHMSIM HMMEIOT BHYTPUIIONYJISIUOHHAs uddepeHnuanus COCHbl 1O YPOBHIO
caMO(epTUIIbHOCTH, CTETIEHU 3aCyXOyCTOMUMBOCTH; Pa3Has BBDKMBAEMOCTh PENPOIAYKTUBHBIX
CTPYKTYp B 3aBUCUMOCTH OT HPUPOJIbI T€HOTUIA U CUIIbl cTpeccopa. [TokazaHo, uTo B ciabyro
3acyxy 2001 u 2014 rr. ypoxkailHOCTb BBIOOPKH COCTaBMJA, COOTBETCTBEHHO, 65.2 u 71.0%.
Boibopka «pacmanmack» Ha TpU TpPYINIbl TEHOTUIOB — MOJAJIbHYIO, YYBCTBUTEIBHYIO U
ycToiuuByro. Penykiust ypoxasi Ipou301UIa 3a CUeT IPYMNIbl YyBCTBUTEIbHBIX JepeBbeB (40-
60%) ¥ 4YacTUYHO JepeBbEB MOAaNbHOM rpynmbl (7-12%), a 407 yCTOWYMBBIX IOTOMCTB B
CeMEHHOM TreHOooOHJe cTana Bbime. B cumpHylo 3acyxy 1991 r. ypoxallHOCTh BBIOOpPKH
cHuszunacb 10 15.8%. MopanbHas W ycroiuumBas TpyHmbl J€pPEBbEB IPEICTABICHBI
OpUOJIM3UTENIEHO OJUHAKOBBIM uucioM ceMstH (35.5 u 34.3%). OcranbHas TpeTh ceMsH Oblia
MHOpEHON IO MpOUCXOXAeHHI0. TakuMm o0pa3oM, YCTOWYMBOCTH CEMEHHOIo reHodoHaa K
3acyxe B YCIOBHUSX €X SitU JocTHraercst ImyTeM MpOTPECCHBHOTO TOBBIIICHUS B HEM JOJIU
MHOpEIHBIX TTOTOMCTB M MIOTOMCTB OT 3acyXOoycToH4MBBIX (opM. ['eHeTndyeckoe pazHooOpasue
3aBHCUT OT CHJIBI 3aCyXM U 00€CHeuMBaeTcs, WIM F€HOTHIIAMHU BCEX IUIOJOHOCSIINX JIEPEBHEB,
WIM JBYX TPYII — MOJAJIbHOW M YCTOWYMBOM, 4TO HEOOXOAWMO YUMUTHIBATh NPH CEJIEKIUU
COCHBI Ha 3acyxoycToiumMBocTh. Hecnenmduueckas u crnenuduueckas peakiiiuy, BO3SHUKAIOINE
B OTBET Ha IJIOOANBbHOE MOTEIUIEHWE KJIMMara, aJdalTUPYIOT CEMEHHOW TeHO(OHJ K HOBBIM
YCIOBUSAM IO INPHUHLMILY B3aUMOJEHCTBUS «TE€HOTHUII-CPEAA», HO JIMIIL JI0 OIPEAEIEHHOIO
YpOBHSL — JI0 CTaTyca «yMEpeHHas 3acyxa». boyiee CUIBHBIM MOTOJHBIM CTpecc BBI3BIBAET
MacCcoBYyI0 TMO€NIb CeMsH, YMEHbIIEHHE T'€HETHMYECKOro pPa3sHOoOoOpaszus M KHU3HECIIOCOOHOCTU
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CEMEHHBIX  IOTOMCTB. JTO  BeNeT K CHIDKCHMIO  KadyecTBa, YyCTOMYMBOCTU U
KOHKYPEHTOCIIOCOOHOCTH HOBBIX MOKOJIEHUH COCHOBBIX JIECOB 10 CPABHEHUIO C a0OPUTCHHBIMU
CTCTHBIMHU TPABSIHUCTO-TyTOBBIMH COOOIIECTBAMHU.

REPRODUCTIVE POTENTIAL OF PINUS SYLVESTRIS L AND STRATEGY OF
SPECIES SURVIVAL IN THE CONDITIONS OF GLOBAL CLIMATE CHANGE
Kuznetsova N.F.

Research Institute of Forest Genetic, Breeding and Biotechnology, Voronezh, Russia
ilgis@lesgen.vrn.ru

In Russia, a global climate warming has touched the considerable part of European
territory, a south of West Siberia, Pribaikalye, Transbaikal and a northeast of Yakutia
(Zamolodchikov, 2011). A Central Russian forest-steppe is the zone of productive pine forests
with a high reproductive potential. % vegetation seasons are a harvest years for the pine: a seed-
production intensity is the 4-5 points on the Capper scale, a full seed percentage — 80-90%, a
seed number per the cone — 19.6-26.1, a seed laboratory germination — 80-90%, a inbred progeny
proportion — 6.9-8.3%. On the analyzed territory the last decade was the warmest for entire
history of meteorological observation, the level of groundwater has decreased more than twice,
the number and intensity of droughts increased. As known, a Pinus sylvestris is the drought-
resistant breed. Even in the strongest drought 2010, the upper limit of species heat-resistance has
not been achieved. Though, its generative sphere sensitively reacts on a weather stress. In a
drought the strategy of species is aimed at maintaining of reproductive process, preservation of
seed genetic diversity, increasing their resistance to arid conditions, by forming the seed gene
pool on the principle of "genotype-environment™ interaction. Monitoring of systems of the seed
reproduction in a long-term dynamics (1987-2014) on the same population sample (30 trees) has
showed that at the optimal years the inbreeding portion and reproductive contribution of each
tree in the vyearly seed production is changed insignificantly. In droughty vyears, the
proportionally weather stress decreases the quantity and quality of surviving seeds, their
genotypic composition is changed. Adaptive changes of gene pool are associated with such
ecological dependent and genetically determined processes, such as: a mobility systems of seed
reproduction within the potential reaction norm of traits; increased genotypic variability of
genetic material during meiosis, fertilization and its narrowing during proembryonic and
embryonic selection. The important role in the development of adaptations to the arid conditions
have a differentiation of trees by the self-fertility level, a degree of drought-resistance; various
survival reproductive structures in depend of nature of the genotype and the strength of stressor.
As it has been shown, in the weak drought 2001 and 2014, the yield of the studied sample was
65.2 and 71.0% respectively. The sample is "split" in three groups of genotypes - modal,
sensitive and resistant. The reduction of yield has occurred at the expense the sensitive groups of
trees (40-60%) and partly trees of modal group (7-12%), while the proportion of resistant
progeny in seed gene pool has become higher. In the strong drought 1991, the sample yield
decreased to 15.8%. Modal and resistant group of trees represented approximately the same
number of seeds (35.5 and 34.3%). The remaining third seed was inbred by the origin. Hence it
follows, the stability of seed gene pool to a drought in the ex situ conditions is achieved by
means of a progressive increase in it the quantity of inbred progenies and the progenies from
drought-resistant forms. Genetic diversity depends from a drought intensity and is provided by,
or genotypes of all seed-production trees, or two groups — modal and resistant, that should be
considered in the pine selection on the drought- resistance. Nonspecific and specific reactions
that arise in the response to a global climate warming are adapting the seed gene pool to the new
conditions by the principle of "genotype-environment" interaction, but only to a certain level — to
the status of "moderate drought”. More strong weather stress induces a mass death of seeds,
reducing of genetic diversity and viability of a seed progenies. This will lead to a decrease in the
quality, sustainability and competitiveness of new generations of a pine forests in comparison
with the aboriginal steppe grassy-meadow communities.
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AHAJIN3 PAIUAJBHOI'O POCTA U OCOBEHHOCTEM MO3HEMN JIPEBECHUHbBI
Y COCHBI OBBIKHOBEHHOM B TEOT PA®UYECKHUX KYJbTYPAX 3AIIA THOM
U CPEJIHEW CUBUPU
Ky3pmun C.P.}, PoroBues P.B.’

"Yueruryr neca nm. B.H. Cykauea CO PAH, Poccus; skr_7@mail.ru
2dumman OI'Y “Pocnecosanura” I13J1 HoBocubupckoii obaactu, Poccust; rvr79@mail.ru

OOBEKTOM HCCIIEOBAaHUS SBIAIOTCS IIECTh KIMMATUIIOB COCHBI, BBIPALIMBAEMBIC B
reorpauecKux KyabTypax B JiecocTenmHoi 30He B Cy3yHCKOM JecHudectBe HoBocubupckoi
obmacth W B I0KHOW Taiire B boryuanckom necHudectBe KpacHosipckoro kpas. K Hum
OTHOCSITCS: OOTYYaHCKMM U Cy3yHCKHMH KIMMATUIBl (KOHTPOJbHBIE B KAXKIOM ITYHKTE
UCIBITaHUs) U KIIMMATHIIBI, TIPEICTABIIAIONINE KOHTPACTHBIE 10 MECTY MPOUCXOXKICHUS YCIOBHS
— TUIECEUKHH (CpemHsst Talira ApxXaHTelnbCKOM oOmactu), OanrasplHCKHA (TOpHAsl JIECOCTEIb
TrIBBI), UeManbCKUi (TopHas Taiira pecryOiauku Antail) U eHuceiickuit (roxHas taiira Cpenneit
Cubupn).

AHanu3 JUHAMHUKH PaguaibHOTO POCTa COCHBI B PA3HBIX IMYHKTaX HMCIBITAHHS TOKa3all,
YTO HCCIIEyEeMbl€ KIMMATUIbI B JIECOCTENH M FOKHOM Tailre MMEIT pasHble TUIBl pocTa. B
YCIIOBUSX JIECOCTENH 3HAYUTENIbHO paHblie (B 9 ner), yueM B IOKHOH Taiire (B 12-16 ner)
OTMEYaeTcs HACTYIUIEHHE MaKCUMAaJIbHbIX IPUPOCTOB Y KIMMATUIIOB COCHBI, 3aTEM MPOUCXOIUT
pe3kwuii craj pocta. VckitoueHne cocTaBiseT eHUCEHCKUN KIMMATHUIl, KOTOPBIN COXpaHseT THUIl
pocTa, IPUCYIIUKA €My B YCIIOBUSIX I0KHOM TallT'd HA TEMHO-CEPOI1 JIECHOM IOYBE.

B myHkTax wuchbeiTaHus y OONBIIMHCTBA JIEPEBHEB HCCIEAYEMbIX KIMMATHUIIOB COCHBI
BBISIBJICHBI TOJIMYHBIE KOJIbIIA C AHOMAJIbHBIM Pa3BUTHUEM MO3AHEH JIPEBECHUHBI, BHIPAXKAIOIITUMCS
B 00pa30BaHUU Tpaxeua ¢ OOJBIINM MPOCBETOM YK€ Mocie chopMUPOBAHHBIX OOBIUYHBIX KIETOK
no3/HeH apeBecHHB. Takwe W3MEHEHHsI HOCST HAa3BaHUS «CBETJIBIC KOJBIA», «PIIYKTyarus
IUIOTHOCTU TO3[HEH IPEBECHHBI» WU «IOXKHBIE KOJbIA» B 3aBHCHUMOCTH OT XapakTepa M
CTENEHM HapyLIeHWs] B TOJUYHOM KOJIbLIE. OTH SIBICHHUS, NPUBOJAIIME K CYIIECTBEHHOMY
YMEHBUIEHUIO MJIOTHOCTU TOJUYHOTO KOJIbLA M YXYAIICHUIO KauyeCTBa JPEBECHHbBI, HE YACThIE U
3aBUCST B OCHOBHOM OT COOTHOILIEHHS BJIarM B Hayaje M B KOHIIE BEreTallMOHHOI'O CE30HA.
Hanuuue wim OTCyTCTBHE MOAOOHBIX M3MEHEHH B TO3JIHEH JApeBeCHHE MOXKET ObITh
JUArHOCTUYECKUM TPU3HAKOM B pPa3iMuUM MEXAY KOHTPACTHBIMU 110 IPOUCXOXKIECHUIO
kIuMatunamu. Hampumep, Bce uccienyeMble 1epeBbsl Y4eMaIbCKOTO KJIMMATHUIIA C 0Ta apeasna B
roJibl C MOTOAHBIMU YCJIOBUSMH, CIIOCOOCTBYIOIIMMH (OPMUPOBAHUIO <JIOKHBIX KOJIEL», B
MYHKTaxX UCHBITAHUS UMEIOT SIPKO BBIPAKEHHBIE XapaKTepHbIE U3MEHEHM S B ITO3/IHEN IPEBECHUHE.
JlepeBbsi eHHCENCKOro KIIMMATHUIIA, HCCIEAYEMOTr0 B F0XKHOM Taire B bory4aHckom JIECHUYECTBE,
HE UMEIOT SIPKO BBIPA)KEHHBIX U3MEHEHUI MapaMeTpoB B MO3JHEN JPEBECHMHE, HO HA y4acTKe B
necocteny B Cy3yHCKOM JIECHUUECTBE y ABYX U3 JECATH JIEPEBHEB 3TOr0 KJIMMAaTUIIA OTMEYAeTCs
YBEJIIMUEHUE PATUAIBHOIO pa3Mepa M IUIOLIaJM NPOCBETA TPaxewJ B IO3JHEH JpeBecuHe. B
LIEJIOM B JIECOCTENH Yy UCCIENYEMBIX KIMMATUIIOB COCHBI BBISBIEHO OOJIBIIE TOAUYHBIX KOJIEI C
duykTyaruei IIoTHOCTH B O3/IHEH IpeBecuHe, YeM B 10)KHOI Taiire.

Paboma evinonnena npu noodepaicke PODU (cpanm Ne 14-04-31366).

ANALYSIS OF RADIAL GROWTH AND LATEWOOD FEATURES OF SCOTS PINE
IN PROVENANCE TRIALS IN WESTERN AND CENTRAL SIBERIA
Kuzmin S.R.}, Rogovtsev R.V.2
1 V.N. Sukachev Institute of Forest of, Siberian Branch of Russian Academy of Sciences, Russia,
skr_7@mail.ru
2 Centre of Forest Protection, Novosibirk,, Russia, rvr79@mail.ru

The objects of research are six Scots pine climatypes growing in the provenance trials in
forest-steppe in Suzun forestry of Novosibirsk oblast and in southern taiga in Boguchany forestry
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in Krasnoyarsk krai.These climatypes are: Boguchany and Suzun (control in each trial place) and
climatypes from contract origin places: Plesetsk (middle taiga of Arkhangelsk oblast), Balgazyn
(mountain forest-steppe of Tyva), Chemal (mountain taiga of Altai Republic), Eniseysk
(southern taiga of Central Siberia).

Analysis of radial growth dynamics of pine in different trial places showed that studied
climatypes in forest-steppe and southern taiga have different types of growth. In forest-steppe the
beginning of maximal radial increments comes much earlier (at 9 years old) than in southern
taiga (at 12-16 years old). After it the strong decline is. The exception is Eniseysk climatype
which keeps the similar type of growth that is in conditions of southern taiga on dark-grey forest
soil.

In the places of trials for the majority of trees of studied pine climatypes were revealed
tree rings with anomalous latewood development which is characterized by formation of
tracheids with much higher lumen area than first fully formed latewood cells have. Such effects
usually called as «light ringsy», «density fluctuations» or «false rings» against the character and
degree of tree ring disturbance. These effects which lead to significant wood density decline and
lower quality of wood are rare and mainly depend on relation of moisture between first and
second part of vegetation season. The presence or absence of such changes in latewood could be
diagnostic feature of differences between climatypes with contrast origin places. For example, all
studied trees of Chemal climatype have typical changes in latewood in years with specific for
«false rings» weather conditions. Trees of Eniseysk climatype studied in southern taiga in
Boguchany forestry have no expressions of such changes of tracheids in latewood but in forest-
steppe in Suzun forestry two of ten trees of this climatype have wood density fluctuation in
latewood. In general, in forest-steppe studied climatypes have more cases of density fluctuations
then in southern taiga.

Supported by RFBR (Ve 14-04-31366).

JIMHAMMUWKA POCTA KJIUMATHUIIOB COCHbI OFBIKHOBEHHOM —
KAHAUIATOB B COPTA-IONIYJIAIIUAU B TEOT'PAOUYECKUX KYJIBTYPAX
Ky3sbmuna H.A., Ky3pbmun C.P.

Wuctutyt neca um. B.H. Cykauesa, Poccust; kuz@Kksc.krasn.ru

B pesynbrate ucciaenoBaHuii reorpaduyeckux KynbTyp B borydaHckom secHUuYecTBe
KpacHosipckoro kpass 1O KOMIUIEKCY XO3SMCTBEHHO-IICHHBIX IPU3HAKOB BBIJCJIEHb U
PEKOMEHI0BaHbl KaHINJaTaMH B COPTa-MOMYJISILIUM EPCIEKTUBHBIE KIMMAaTUIbl cocHbL. 13 84
UCCJIEyEMbIX KJIMMATUIIOB OTOOpaHbl 19 KIMMaTHMOB ISl MECYaHBIX JEPHOBO-TO30JIMCTHIX
IIOYB, ¥ 15 — AJI CyTIIMHUCTBIX TEMHO-CEPBIX JIECHBIX.

Pe3ynpraThl aHaM3a IMHAMUKHU TOAUYHBIX IPUPOCTOB B BBICOTY U IO AUAMETPY, a TaKXKe
JUTUTEIbHBIA (PUTONATONIOTHUECKU MOHMTOPHHT, MOKAa3bIBAIOT, YTO OOBEKTHBHBIE BBIBOJBI IO
0TOOPY NEPCHEKTUBHBIX KIMMATUIIOB BO3MOXHBI TOJIBKO MOCTIE JOCTUKEHHUS 25 JIeTHET0 Bo3pacTta
COCHBL. JTO CBSI3aHO C TEM, YTO MaKCHUMAaJbHbIE NPUPOCTHI B BBICOTY U IO IUAMETPY Y
KJIMMAaTUIIOB COCHBbI B reorpauyeckux KyJbTypax B YCIOBHSX FOKHOW TalTW HAcTymaroT B
pasHoM Bo3zpacte. Hanpumep, KIMMaTHIIBI € 10ra apeanja COCHbl UMEIOT MaKCUMAIIbHBIE TPUPOCTBI
B 11-14 ner, ceBepHbie — B 14-22 roma. MecTHBIN KIIMMATUIT U KIIMMATHITBI U3 CEBEPHBIX PETHOHOB
CMOCOOHBI ()OPMHUPOBATh MaKCUMAJIBHBIN paJuaibHBIM MPUPOCT B TeUeHHE OoJiee UTUTEIBHOTO
BpemeHu (o1 3 1o 7 1et), yem 1oxHble (0T 1 110 3 net) (Ky3pmun u ap., 2013).

3a0oneBaHMs COCHBI, BbI3BaHHbIE TI'PUOHBIMH MaToreHamu ((auuanos, IEeHaHTHUEBBINA
HEKpO3) B Bo3pacTe 8 u 23-25 JeT, TakKe OKa3alld CYIIECTBEHHOE BIUSHUAE HA POCT KIIMMATHUIIOB
cocHbl. [loBpexnenue u snumuHaims 6onee 50% XBOM M TNOYEK BEPXYIICYHBIX MOOErOB,
BOCIPUHMMYMBBIX K [ATOT€HaM KIMMATHUIIOB, TPUBEIM K OCTaHOBKE pOCTa B BBICOTY,
HapyLIEHUSM AEATeIbHOCTH KaMOus U popMupoBaHus KieTok kcunemsl (Kyzsmun, 2012).
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B mnacrosimee Bpems, € LeIbl0 OOBEKTUBHOW OLEHKH TEPCIEKTUBHOCTH OTOOpa
KJIMMATUIIOB B COPTA-TIOMYJIALIMM, TPOBEJACH aHadN3 AMHAMHUKUA HHTEHCHUBHOCTH pOCTa U
PaHroOBOTO MOJIOXKEHUS KIMMATUIIOB COCHBI 3a 37-I€THUM NEPUOL.

[loaTBepiknaercsi, YTO PaHrOBOE IOJIOKEHHE HCCIEAYEMBIX KJIMMATUIIOB B pa3HbIC
BO3PACTHBIE IEPUOJIBI 3HAYUTETHLHO MEHSETCSA B CBS3U C UX OMOJIOTMYECKUMHU OCOOCHHOCTSIMHU U
pa3HOil peakuued Ha H3MeHeHHe 3Kojormyeckux (akrtopo. [lo xapakTepy pocta MexIy
KJIMMAaTUIIAMH  COCHBI ~ OTMEUAIOTCSl CYIIECTBEHHBIE pa3iIHuusi B Mpefesax  KakIoro
9KCIIEPUMEHTAIILHOTO y4acTKa. BBISBIEHBI KIMMATUIIBI COCHBI, KOTOPBIE B TOJIbI MOCIE TOCATKU
(mo 10-15-;etHero Bo3pacta) UMENH XOPOUIMM POCT, 3aT€M PAHTOBOE IMOJIOKEHHE HUX pPOCTa
3HAYUTEJIbHO CHU3WJIOCh. MHOTHE KIIMMATHUIIbI COCHBI, PEKOMEH/I0BaHHBIE B COPTa — MOIMYJIALINH,
HANpOTHUB, B MEPBBIE 15 JIET )KU3HM UMEIOT HU3KUE MOKA3aTeNId poCTa, HO MO3HEE, B BO3pACTe
20-35 neT ycnemHo KOHKYPUPYIOT C MECTHBIM KJIIMMATUIIOM U CYHIECTBEHHO MPEBOCXOJSAT €ro.
Cpenu mNepcreKTUBHBIX KIMMAaTUIIOB OCOOEHHO BbIAETAIOTCS ABa, u3 Kapemuum u Cubupw,
CTaOUIIPHO HMEIOIUE BBICOKOE PAHTOBOE IOJIOKEHHUE MO MHTEHCUBHOCTH pOCTa, HAuWMHAs C
BO3pAacTa CesSHIICB HAa MUTOMHHKE U J0 HACTOSAIIETO BPEMEHHU.

GROWTH DYNAMICS OF SCOTS PINE CLIMATYPES — CANDIDATES INTO
BREED-POPULATIONS IN THE PROVENANCE TRIAL
Kuzmina N.A., Kuzmin S.R.
V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences, Russia;
kuz@ksc.krasn.ru

On the base of economically valuable features studied in the provenance trial in
Boguchany forestry of Krasnoyarsk krai perspective pine climatypes were revealed and
recommended as candidates to breed-populations. Among 84 studied climatypes 19 climatypes
were selected for sandy sod-podzol soils and 15 — for loam dark-grey forest soils.

Analysis of annual height and radial growth dynamics and long-term phytopathological
monitoring showed that objective conclusions about perspective climatypes could be possible
only after 25-years old of pine trees. The reason of it is that maximal height and diameter
increments of climatypes in conditions of provenance trial are came at different age. For example
climatypes from the south of pine areal have maximal increments at the age of 11-14 years,
northern ones — at the age of 14-22 years. The local climatype and climatypes from northern
regions could form maximal radial increment during longer period of time (from 3 up to 7 years)
than southern ones (from 1 up to 3 years) (Kuzmin et al., 2013).

Diseases caused by fungal pathogens (snow blight, cenangium dieack) at the age of 8 and
23-25 years had significant impact on pine climatypes growth. Damage and elimination of 50%
of needles and apical sprouts buds of pathogen sensitive climatypes led to apical growth stop,
disturbances of cambial activity and zylem cells formation (Kuzmin, 2012).

The analysis of growth intensity and rank position of pine climatypes for 37-years period
for the purpose of objective assessment of availability of climatype selection into breed-
populations was completed in current moment.

It was confirmed that rank position of studied climatypes could be changed significantly
in different age stages in connection with climatype’s biological features and different reaction to
ecological factors changing. Within each experimental plot between pine climatypes significant
differences in growth type are observed. Pine climatypes with good growth in the first 10-15
years and with significant decline of growth in next years were revealed. Many climatypes which
are recommended into breed-populations during first 15 years had lower values of growth but
later at the age of 20-35 years they successfully competed with local one and exceeded it.
Among perspective climatypes the special ones are two: from Karelia and Siberia. They have
stable high rank position in growth intensity from seedlings till present time.
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GENETIC IMPROVEMENT FOR GROWTH PERFORMANCE TO PRODUCE
HIGHER BIOMASS IN GMELINA ARBOREA ROXB.
Kumar A.
Division of Genetics and Tree Propagation, Forest Research InstituteP.O. IPE, Kaulagarh Road,
Dehradun 248 195, India; ashok@icfre.org, akcgtp@gmail.com

Key words: biomass, diversity, genetic improvement, Gmelina arborea.

Gmelina arborea Roxb. is widely been grown in tropical and sub-tropical countries, and
occupies important place as raw materials for pulp and paper making when harvested in early
stages and becomes excellent timer when grown for longer durations. The centre of diversity for
the species is expected to be northeastern states of India from where it seems to have been
distributed to other parts of the World. The genetic improvement of the species for increased
biomass was started by selecting 119 plus trees from eastern and northeastern parts of India to
establish gene banks and first generation seed orchards. Further, half-sibs for 49 genotypes were
established across geographical locations to evaluate growth performance, stability and
adaptability under G x E interactions as well as to estimate heritability, genetic advance and
diversity particularly for traits of economic importance. Maximum survival was recorded in
Teliamura, Tripura (70 %) and Imphal, Manipur (62 %). Mean height at Teliamura was recorded
to be exceptional with mean increment of 2.69 m against 0.48 m at Imphal. Similarly, mean
color diameter was recorded to 11.20 cm and 4.5 cm with annual increment of 4.70 and 0.33 cm
respectively for Teliamura and Manipur. Among the genotypes, progeny No. 39 and 106 were
found to be performing exceptionally well both for height and collar diameter across the
locations and durations. In fact, both these genotypes were recorded to be top rankers. Though
early performance has reveled exciting information, evaluation for longer period needs per se to
be conducted for over the years to genetic worth for production of higher biomass.

DIVERSITY ANALYSIS FOR DALBERGIA SISSOO ROXB. AND ITS STRATEGIC
EXPLOITATION IN SEED ORCHARDS
Kumar A., Dobhal S., Sharma S.
Division of Genetics and Tree Propagation, Forest Research Institute
(Indian Council of Forestry Research and Education), P. O. New Forest, Dehradun 248 195,
India; ak_meena@yahoo.com, ashok@icfre.org

Key words: Dalbergia sissoo, genetic divergence, RAPD, similarity coefficient.

Dalbergia sissoo Roxb. is an important source for production of quality wood for
furniture industry and now is being promoted as an excellent source of pulp wood when
harvested at early age. However, the species is under tremendous pressure not only due to
overexploitation both from natural forests and plantations but severely attacked with an
important fungus called Fusarium solani to cause dieback in all groups of trees particularly fully
mature trees. The available literature amply indicates that such large scale devastations are
taking place due to poor diversity level of plantation forestry. It therefore became inevitable to
formulate appropriate plans to understand to genetic diversity of the species and chalk out
strategies for optimal use of genetic diversity both in production forestry and further genetic
improvement including conservation. Though morphological markers play significant role in
identification of elite genotypes and their commercialization through conventional methods,
complementing with DNA-based molecular markers strengthen process further both in diversity
analysis and germplasm characterization. The diversity of forty clones was thus analyzed using
randomly amplified polymorphic DNA (RAPD) markers by selecting 30 decamer primers based
on preliminary PCR amplification which were further reduced to 10 purely on polymorphism. A
total of 129 distinct DNA fragments (bands) were amplified from which polymorphism for 104
bands ranged from 200 to 1300 bp. The number of amplified bands per clone varied from 11 to
15 and polymorphism percentage ranged from 18.18 to 100, with an average of 79.23. The
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analysis indicated that average gene diversify for forty clones was 0.20 which was validated to
be poor with PIC value of 0.20.The genetic similarity analysis showed wide range of variability
among the clones and Jaccard similarity coefficient ranged from 0.66 to 0.95. The maximum
similarity was found between clone 10 and 12 and the most dissimilar clones were 9032 and
5030, with minimum similarity coefficient of 0.66. Forty clones were first grouped into two
clusters and cluster | was further divided in seven sub-clusters. The largest sub-cluster Il
consisted of 12 clones followed by cluster | (11 clones) and cluster VI (7 clones), whereas 1V,
VII and VIII consisted of single clone each one. In fact, clone 5022 was found to be the most
divergent clone and could be used for a number of combinations to be established in the seed
orchards and used as parent in hybridization programs.

PE3YJbTATBI UCIIBITAHUM KJIMMATHIIA COCHbI OBBIKHOBEHHOM (PINUS
SYLVESTRIS SUBSP. KULUNDENSIS) B JECOCTEITHOM 30HE IOIO-BOCTOKA
3ATIAJTHOM CUBUPHU
Masenko A.A.", I'aBpromos B.1.%, Porosues P.B.?

! Arraiickumii TocyapcTBEHHbII arpapHsbIil yHIBepenTet, Bapuayi, Poccust; malenko51@mail.ru
?JlenapramenT jecHoro xossiicrea HoBocuGupckoit o6mactu, HoBocuGupek, Poccus
3Ouman ®BY «Pocnecosamuray — «03JI HoBocubupckoit obmactuy, HoBocubupck, Poccust

[To muenuro JI.®. IlpaBauna (1971) reorpadudeckue KyabTyphl SBISIOTCS OCHOBHBIM
CPEACTBOM JUIsl M3Y4YEHHUs TeorpapuuecKoldl M3MEHYMBOCTU HACIEIYEMBIX CBOWMCTB JIECHBIX
MOPO/I.

N3zyuenne reorpaduueckoil N3MEHYMBOCTH COCHBI OOBIKHOBEHHOH mpoBeneHo B 2008 r.
Ha oOBekTe reorpaduueckux KynpTyp B Cy3yHckoM necHuuecTBe (kB. 120, BbIO. 14,15)
Cysynckoro siecxo3a HoBocubupckoit obmactu. [Tocaaka npoBeaeHa BecHoi 1976 . 2-neTHuMuU
CesHIIaMH C Ha4albHOU TycToTOoi 4,7-5,1 ThIC. WIT./Ta. PyKOBOACTBO paboTaMu OCYIIECTBIISIN
Hayunble coTpyauuku [HTHUMJIT'uC xannupater c.-x. Hayk B.B. Kymakos, }0.H. UnbsuueB u
riaBHbINA ecHnunit Cy3yHCKOro jeciipomxo3a kanauaar c.-X. Hayk B.K. Kpasues. Beero 6b110
BBICOKEHO 37 KIMMa’KOTHIIOB COCHBI, OXBAaThIBAIOLIMX TEPPUTOPHUIO TIPOU3pACTaHus pojaa Pinus
osiBmero CCCP.

Jnst w3ydeHusi reorpad@uueckoil M3MEHYMBOCTH COCHBI OOBIKHOBEHHOW OBLT B3SIT
KJIMMaTHIT COCHbI oObikHOBeHHOM (P. sylvestris subsp. Kulundensis) u3 JlomoHckoro jecxosa
CemMunanaTuHCKONW 00J1acTH, KOTOPBIM copMUpOBaiCS B KpailHE JKECTKUX JIECOPACTUTEIbHBIX
YCIOBUAX IOro-3alaJHOW 4YacTH JIGHTOYHBIX OOpOB, OTHECEHHOH K 0O0JacTH «CyXoro
necoBoactBay (['omyOunckuii, 1934; Manenko, 2012). Ilpu u3ydyeHuUH JI€COBOJCTBEHHO-
TaKCallMOHHBIX MOKa3aTened ObUIM MCIBITaHbl 7 KIMMa’3KOTHIIOB COCHBI M3 CHOMPCKOTO,
CEBEPHOTr0 M IOro-3amajgHoro mnpoucxoxzaeHus. Konrpomem ciyxun kauMatun Cy3yHCKOTO
necundectBa HoBocubupcekoit obmactu. Cpennsis miomazs Kaxaoro Bapuanra cocrasuia 0,098
ra.

[lepBoHauyanbHble JaHHbIE O pPa3BUTHHM HCCIEAYEMBIX TIeorpauyeckux KyJabTyp
OKa3aJIMCh CIAEAYIOLINE: CPEIHSS MPUKUBAEMOCTD CESTHIIEB COCHBI BCEX IKOTHUIIOB 3a MEPBBIM 1ol
pocta coctaBuia 82,5%, a 3a BTOpOil roag — OONBIIMHCTBO 3KOTHIIOB MMENU 3HAYMTEIbHBIN
oTnaji, 0co0eHHO U3 rKHBIX (JlomoHckuit — 69,8 %) u ceBepubix (KpacHosipckuii kpaii — 47,8%)
oOmacreil. Ha TpeTuii rog otnan BceX SKOTUIIOB pe3Ko cokpaTuics. Haubonbmmii mpupocT 1mo
BbICOTE UM KyIbTypbl Cy3yHckoro (32 cMm) u OJIM3KHUX €My MO KIMMaTHYEeCKUM YCIOBHSIM
KJIMMaTHUIIOB, & HAUMEHBIINN — B KyJlbTypax cocHbl KpacHospckoro kpas nu CeMunaaaTHHCKON
obnactu (16-20 cM). AHanorudHas HEpPaBHOMEPHOCTh NMPHUPOCTa OTMEUYEHA B KYJIbTypax U IO
JMaMETPy CTBOJIMKOB.

B 32-nernem Bo3pacte Oonbllias COXpPaHHOCTh COCHBbI OTMEYEHa B KyJIbTypax Ha
kouTtpone (50,2%) u Uemansckoro (48,9%) necxo3a PecnyOnuku AnTaif, a MeHbIIas — B
Cypryrckom (26,5%) u Kawmpbrmenckom (27,5 %) necxozax Tromenckoir u Bonrorpaackoit
obmacreif. CpenHsii COXpPaHHOCTb KyJIbTyp OTMeueHa Yy cocHbl JlonoHckoro (39,0%),
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Buxopsesckoro (36,5%) u Ilnuceukoro (34,1%) necxo3oB Mpkyrckoil u ApXaHTenbCKOU
oOracTe.

CornacHo TOy4eHHBIM JaHHBIM, [0 PE3yJIbTaTaM POCTa U MPOIYKTUBHOCTHU JIUTUPOBAT
Cy3yHcku#i (KOHTPOJIbHBIN) AKOTHUII (cpeaHsis Beicota — 17,8 m, nuamerp — 14,8 cm, 3amac — 370
M°/ra). BIM3KuMU K MECTHOW COCHE, IO IOKa3aTelsM pocTa W 3amacaM ObUIM KYJIbTYPHI:
BuxopseBckoro gnecxo3a Hpkyrckoit u  KamblmeHnckoro Bomarorpajackoit — obnmacrei.
CyIIecTBeHHO YCTYMAIH 0 UCCIECyeMbIM IMOKa3aTelsaM (B MOPsIIKE YOBIBAaHUS) KIIMMATHUIIBI U3
PecnyOinkn AnTaii m ApXaHreiabCKol 00J1acTH ¢ TTOKa3aTeNIsIMHU: CpeIHssa BbicoTa — 15,2-14,8 M,
mmamerp — 15,6-16,5 cwm, 3amac — 320-268 m%/ra). HauMeHbIIMe MOKA3aTeIH MMEIH KYJIbTYpBI
Tromenckoit 1 CemunanaTHHCKOW oOsactel (cpeanss Beicota — 13,9-14,8 M, quamerp — 15,2-
14,8 cM, 3anac — 165-240 MS/Fa) COOTBETCTBEHHO.

Takum o00pazoM, B YCJIOBHSX JIECOCTCITHOW 30HBI IOro-BocToka 3amaaHoi Cubupm
Jy4lliie TMOKa3aTeld pocTa U MPOAYKTHBHOCTH HWMEIOT KYJIBTYPBl COCHBI MECTHOTO
(HoBocubupckas 061acTh) KIMMAaTHIIA, YEM APYTUX PETHOHOB. B cpaBHEHUHU ¢ HUMHU, KIIMMATUI
Jononckoro necxo3za CeMunaaaTHHCKON 00J1acTH MMeeT HanboJiee HU3KUE TTOKa3aTellu.

RESULTS OF TESTING THE CLIMATYPE OF SCOTS PINE (PINUS SYLVESTRIS
SUBSP. KULUNDENSIS) IN THE FOREST-STEPPE ZONE OF THE SOUTH-EAST OF
WEST SIBERIA
MalenkoA.A.}, Gavryushov V.1.%, Rogovtsev R.V.

!Altai State Agrarian University, Barnaul, Russia; malenko51@mail.ru
Department of Forest Management of Novosibirsk region, Novosibirsk, Russia
3The Branch of FBU “Roslesozashchita” — “TsZL of Novosibirsk region”, Novosibirsk, Russia

According to L.F. Pravdin (1971), provenance tests are a key tool for the study of the
geographic variability of inherited properties of forest trees.

Our study of the geographic variability of Scots pine is held in 2008 on the object of
provenance trials in Suzun forest district (wood compartment 120, subcompartment 14,15) of
Suzun forestry of Novosibirsk region. Planting was fulfilled in the spring of 1976 with 2-year-
old seedlings under initial density of 4.7 -5.1 thous. plants per ha. Supervision was carried out by
the scientists of the TSNIILGIS Institute, Ph.D V.V. Kulakov, Yu.N. Ilichev and Chief Forester
of Suzun forest farm Ph.D V.K. Kravtsev. A total of 37 climaecotypes of the Pinus genus were
planted covering the territory of the former USSR.

To study the geographical variability of Scots pine, its climatype (P. sylvestris subsp.
Kulundensis) was taken from the Dolonsk forestry of Semipalatinsk region, that emerged in the
extreme site conditions of the south-western part of the belt-like pine forests, attributed to the
“dry forestry" region (Golubinskiy, 1934; Malenko, 2012). When studying forestry-taxation
indices, 7 Scots pine climaecotypes from Siberian, Northern and South-Western proveniences
were tested.The Pinus climatype from Suzun forestry of Novosibirsk region was served as
control variant. The average size of each variant was 0.098 ha.

Initial data on the development of the provenance trials studied were as follows: average
survival rate of pine seedlings of all ecotypes for first year growth amounted to 82.5%, and for
the second year the majority of ecotypes have significant mortality, particularly from the
southern (Dolonsk - 69.8%) and northern (Krasnoyarsk territory - 47.8%) proveniences.

For the third year the mortality of all ecotypes declined sharply. The greatest height
growth had the plantation of Suzun climatype (32 cm) and the plantations close it according to
climatic conditions and the smallest — the climatypes from the Krasnoyarsk territory and the
Semipalatinsk region (16-20 cm). A similar irregularity is noted in the tree growth according to
stem diameter.

At the age of 32 years the greatest pine survival was featured in the plantation of the
control variant (50.2%) and Chemalskiy forestry of the Republic Altai (48.9%), and the least one
from the Surgut (26.5 %) and Kamyshensk (27.5%) forestry of Tyumen and Volgograd regions.
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Average tree survival was marked in pines from the Dolonsk (39.0%), Vikhor'evsk (36.5%) and
Plisetsk (34.1%) forestry of Irkutsk and Arkhangelsk regions.

According to the results of growth and productivity received, Suzunsk (control) ecotype
was as a leader (average height is 17.8 m, diameter 14.8 cm, stem volume 370 m*/ha). Close to
the local pines, in terms of growth and stem volume, were plantations from the Vikhor'evsk
forestry of the Irkutsk region and from the Kamyshensk one of the Volgograd region.
Significantly inferior to the studied parameters (in descending order) were the climatypes of the
Altai Republic and Arkhangelsk region with the following indices: average height 14.8-15.2 m,
stem diameter 16.5-15.6 cm, stem volume 320-268 m>ha). Lowest had Plantations of Tyumen
and Semipalatinsk regions (average height 13.9-14.8 m, diameter 15.2-14.8cm, stem volume
165-240 m>ha), respectively.

Thus, in the conditions of the forest-steppe zone on the South-East of Western Siberia the
best indices of growth and productivity have the plantations of local Scots pine climatype
(Novosibirsk region) as compared to the other regions. In comparison to them, climatype from
Dolonsk forestry of the Semipalatinsk region has the lowest rates.

TEHETHYECKOE PA3BHOOBPA3UE HEKOTOPBIX NOMYJIAIIAN POPULUS
NIGRA L. HA FOKHOM YPAJIE
MapTbIHeHKO H.A.L boponnukoBa C.B.!?
ldreOv BITO «[lepMckuii rocyapCTBEHHBIM HALIMOHAIIBHBIN UCCIIEI0BATEIbCKUM
yHUBepcHUTeT», Nikita-martynenko@yandex.ru
2EcTeCTBeHHOHatytlHL.Iﬁ nactutyt ®I'BOY BIIO «llepmckuil rocy1apcTBEHHbIN HallMOHAIBHBIN
HCCIIEN0BATENBbCKUN YHUBEPCUTET», [Iepmb, Poccus

B EBpone 99% mnoliMeHHBIX OMOIICHO30B YTEPSHO B PE3yJIbTAaTe HCIIOIH30BAaHUS OEpEeroB
pPEeK, MHTEHCHUBHOI'O MCIIOJb30BaHMs IOHMBI B KayecTBE MacTOMWIA, 3arOTOBKU JIPEBECUHBI,
neGopMalnu 1 MOJIHOTO MCYE3HOBEHUS MIPUTOJHBIX O€peroB BOJIOEMOB M3-32 BOJOIIOIBE30BAHHS
U peryyisiluu pek. Peanmuzamnus crpateruu coxpaHeHus 6Mopa3Hoo0pas3us TpeOyeT hcciae10BaHus
TEHEeTHYECKOT0 Pa3HO00pa3us Mmomyisiuii P. nigra Bo B3aWMOCBSI3U CO CTEICHBIO M3MEHCHUS
(GUTOIIEHO30B B TONWMEHHBIX YydacTKax pek. lLlenapto naHHON paboThl SBISETCS H3ydeHUE
TEHETHYECKOT0 pa3HooOpasusi U reHerndeckoi auddepenimanu aByx nomyssimuid P. nigra,
pacIroIOKEHHBIX HAa Pa3HBIX ydacTKax oMbl peku benoit Ha FOxHOM Ypane.

Wccnenosanbl nBe momyssiuuu P. nigra Ha Tepputopuu pecnyOinuku bamkoprocTaH:
nepBasi MONYJIALUS PACIIONIOKEHA B CPEHEM TeUYeHHMU peku benoi okono r. Crepnuramak, a
BTOpas — B HW)KHEM TEUEHUU STOW peku okoiyio T. bupck. PacctosHue Mexay HM3ydeHHBIMU
nonymsinusamMu coctasiser 170 km. [l MonekysipHO-reHeTHueckoro ananusa P. nigra Obum
coOpaHbl JIUCThA ¢ 32 ciyyallHO BBIOPAHHBIX JEPEBbEB HA PAacCTOSIHMM He MeHee 50 M JIpyr oT
npyra. Ins seigenenus JJHK ucnonb3oBanu moauduuupoBanHyto meronuky S.O. Rogers c
ucrnonp3oBanueM B kadecTBe nerepreHtra CTAB+PVPP (ueruntpumermnamonuym Opomua u
nonuBuHUINoaunupponauaoH).  Konuentpaumto  JJHK — ompemensmm ¢ momotnsio
cnektpodoromerpa NanoDrop 2000 («Thermo Scientific», USA).

MonekynsipHO-TEeHETUUECKUM aHaJIU3 MPOBEJIEH C UCIOJBb30BAHUEM MUKPOCATEIUIMTHBIX
(SSR- Simple Sequence Repeats) mapkepoB; H30paHbl CeMb MHKPOCATEITUTHBIX JIOKYCOB:
ORNL214, PMGC14, wpms09, wpms20, wpms17, wpms14, wpmsl5. Ilpaiimepsl mogobpaHbl
[0 JIUTepaTypHbIM JaHHBIM. DparMeHTHBIN aHanu3 MpousBen€H Ha cekBeHaTope Genomelab
GeXP npousBoactBa Beckman Coulter (USA) B ®enepanbHOM HaydHO-HCCIEIOBATENIHCKOM
LIEHTPEe JIeCOB, OMACHBIX MPUPOAHBIX sBNeHUH W nanamadra B Bene B ABcrpum (Federal
Research and Training Centre for Forests, Natural Hazards and Landscape, Department of
Genetics, Austria). [[ns mpoBeaeHHS KOMIBIOTEPHOTO aHAW3a JAHHBIX OBUT HCIOIB30BaH
makpoc GenAlEx6.5 nns MS EXCEL.

VYcraHOBIEHO, YTO TOMApHOE 3HAYCHHE TOKa3aTelss reHeThdeckor auddepeHmmaim
Paiita mexxny 1ByMs M3ydeHHbBIMU Hamu nomyisuusimu P. nigra ouens Huskoe (Fst=0.026). Otu
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JAaHHBIE COTIOCTABUMEBI C PE3yJIbTaTaMU IPYTHX HCCIeNOBaHUU Tomojeil B EBpome, B KOTOPBIX
OTMEUYEHO, YTO T'eHETHYECKOEe pa3zHOoOOpa3ue BbIIIE y MOMYJISAIUI, HAXOIIIIMXCS HIXKE IO
TEUYCHUIO peK. B u3yueHHbIX HamMu mnomyisanusx P. nigra ypoBeHb HaOII0gaeMOM
TFeTEPO3UTOTHOCTH BhIIIEe BO BTopoi momyssiiuu (Ho=0.657), Haxonsimencs HIKE 10 TEYCHHUIO
[I0 CPAaBHEHUIO C 3TUM K€ IT0Ka3zarejaeM Bo Bropol nomnyisauuu (Ho=0.620), pacrnonoxeHHON B
cpentem TeueHuu peku. C 1enpio coxpaHeHus Buaa P. nigra HeoOXoauMMo, MPEKIE BCEro,
OXpaHa €ro MECTOHaXOXXJCHWW, U3ydyeHHE BIUAHUS aOMOTHUYECKMX (PAKTOpOB Ha
MOMYJISILIMOHHBIE CUCTEMbI, HCCJIEIOBAaHUE TE€HETHUYECKOro pa3HooOpas3usi, TIe€HETHYECKOH
CTPYKTYpbI 1 auddepeHnmamu nomysiuii P. nigra.

Bripakaem uckpeHHIo0 OnarogapHocTh qokTopy b. Xaitnue m P.Cnancku 3a momoiib
IpY TPOBEACHUH (PparMEeHTHOTO aHanu3a B PenepaabHOM HAyYHO-HCCIIEIOBATEIBCKOM LIEHTPE
JIECOB, OMACHBIX MPUPOAHBIX siBNeHUH U JanamadTa (Bena, ABctpus).

Paboma evinonnena npu gunancosoii noooepoicke 3aoanus 2014/153 eocyoapcmeennuvix
pabom 6 chepe HayuHOU OesmenbHOCMU 8 PAMKAX OA3080U 4aACmMu 20CYO0APCMBEHH020 3A0AHUS
Munobprayku Poccuu (npoexm 144, Ne 2oc. pee. 01201461915).

GENETIC DIVERSITY OF SOME POPULATIONS OF POPULUS NIGRA L. IN THE
SOUTH URAL
Martynenko N.A.}, Boronnikova S.V.*?
'Perm State National Research University, Department of Botany and Plant Genetics, Perm,
Russia; nikita-martynenko@yandex.ru
’Natural-Science Institute of Perm State University, Perm, Russia

In Europe, 99% of floodplain ecosystems lost as a result of the use of the river banks, the
intensive use of the floodplain for pasture, timber, deformation and the complete disappearance
of suitable shores of water bodies due to water use and regulation of rivers. Realization of
strategy of biodiversity conservation requires the study of the genetic diversity of populations of
P. nigra in the relationship with the degree of change of the floodplains ecosystems. The aim of
this work is to study the genetic diversity and genetic differentiation of two populations of P.
nigra, located in different parts of the Belaya River in the southern Urals.

Two populations of P. nigra was studied in the territory of the Republic of
Bashkortostan: the first population is located in the middle region of the Belaya River near the
town Sterlitamak, and the second - in the lower region of the river near the town Birsk. The
distance between the studied populations is 170 km. For molecular genetic analysis of P. nigra
leaves were collected from 30-32 randomly selected trees at a distance of 50 m from each other.
DNA isolation was using a modified procedure of S.O. Rogers, using as detergent CTAB +
PVPP (Cetyl trimethylammonium bromide+Polyvinylpolypyrrolidone).DNA concentration was
measured using spectrophotometer NanoDrop 2000 («Thermo Scientificy, USA).

Molecular genetic analysis was performed using microsatellite (SSR- Simple Sequence
Repeats) markers; elected seven microsatellite loci: ORNL214, PMGC14, wpmsQ9, wpms20,
wpmsl7, wpmsl4, wpmsl5.The primers are selected according to the literature. Fragment
analysis is made by sequencer GenomelLab GeXP production Beckman Coulter (USA) in the
Federal Research and Training Centre for Forests, Natural Hazards and Landscape, Department
of Genetics, Austria.For computer analysis of the data was used the macro GenAIEx6.5 MS
EXCEL.

It was found that the value of the pairwise Wright’s index of genetic differentiation
between the two studied populations of P. nigra is very low (Fst = 0.026). This data are
comparable with other studies of poplars in Europe, in which noted that genetic diversity is
higher in populations located downstream rivers. In the studied populations of P. nigra level of
observed heterozygosity higher in the population (Ho = 0.657), located in the downstream of the
river compared with the same index in the second population (Ho = 0.620), located in the middle
of the river.In order to conservation the species P. nigra is necessary, first of all, the protection
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of its location, the study of the influence of abiotic factors on population systems, the study of
genetic diversity, genetic structure and population differentiation of P. nigra.

We express our sincere thanks to Dr. B. Heinze and R. Slunsky for help with the
fragment analysis at the Federal Research Centre for Forests, natural hazards and landscape
(Vienna, Austria).

This work was financially supported by the task 2014/153 (number 01201461915) of
public works in the field of scientific activity within the base of the public task of the Russian
Ministry of Science.

COXPAHEHUE TEHO®OHJIA COCHBI KEJIPOBOI CUBUPCKOM B YCJOBHAX
IOT'A CPEJHEN CUBUPU
MatseeBa P.H., bparunosa H.IL., Byroposa O.®., lllep6a I0.E.
Cubupckuit rocyIapcTBEHHBIH TEXHOIOTHYECKH yHUuBepeuteT, Poccus; selekcia@sibgtu.kts.ru

BaxHo#i mpo0yieMoli JIECHOTO XO3SICTBa SIBIISICTCS COXpaHEHHE TeHO(OHIa TPEeBECHBIX
pacrenuii. CocHa KepoBasi CHOMpPCKasl SIBJISIETCS IICHHOH JiecooOpa3ytomieit mopogoit Cubupm.
dopmoBoe pazHOOOpa3He JaHHOTO BHUIA MPOSBISETCS B PA3HBIX JIECOPACTUTEILHBIX YCIOBHSIX.
B cBsI3u ¢ HEraTWBHBIMU MPUPOJHBIMUA (PAKTOpPaMH (MOYKAPHI, IIEIKOMPS U JpP.) MPOUCXOIUT
obenHeHne reHo(oHaa JTaHHOTO BHJA, HA (DOPMHPOBAHKE KOTOPOTO MOTPEOOBAIIOCH HECKOIBKO
BCKOB.

C muenpilo coxpaHeHHs TeHO(OHIA, YCKOPEHHOTO Pa3MHOXCHHS W BBIPAINTUBAHUS
nocagoyHoro Marepuaia B Cubl TY npoBoasTCs UCCIIeI0OBaHUS B CIICIYIOIIUX HATIPABICHUSX
- co3anue iantanuii | u |l mokoneHuit ¢ ucrnoiib30BaHUEM CEMSH, COOPAHHBIX B HACAKICHUSX,
NPOM3PACTAIOIINX B PA3JIMYHBIX YCIOBHSX, OTIMYAIONIMXCS BBICOTOM HaJ YPOBHEM MODS,
IIUPOTOM, TOJITOTON, TUIIOM JIECa, COCTABOM HACAXJCHHSI, KJIaCCOM OOHUTETA H JIp.;

- CO3J]aHMe THOPHIIHO-CEMEHHBIX IUIAHTAIMKA C LENBI0 TOJIYYCHUS THOPHIHBIX CEMSH OT
MEPEONBbIICHUS MBUIBIION JIEPEBHEB APYTUX TMPOUCXOKICHUMH;

- pa3MHOXKEHUE IUTIOCOBBIX JIEPEBBEB, AaTTECTOBAHHBIX IO CEMEHHOW U  CTBOJIOBOI
MPOAYKTUBHOCTH, H3y4ECHUE H3MEHUYNBOCTH PACTCHUH B CEMbSX M KJIIOHAX;

- IPOBEJIEHUE CENIEKIIMOHHOM OIICHKH JIEPEBHEB HA CO3/IaHHBIX TUIAHTALUAX, OTOOP MAaTOYHBIX IO
XO3SUCTBEHHO IIEHHBIM TIPU3HAKaM: Ha CTBOJOBYIO, CEMEHHYIO MPOIYKTHBHOCTh U
HKOJIOTUYECKYIO 3((HEKTUBHOCTB;

- Pa3MHOKEHUE OTCEJICKTHUPOBAHHBIX JIEPEBHEB BEr€TaTHBHBIM (NPUBHMBKA, YEPCHKOBAaHUE) U
CEMEHHBIM CIIOCO0aMH;

- JIeKaruTaIus KPOoH Ha IUIAHTAMIX C IENbI0 W3Y4YeHHsS (POpPMHUpPOBAHUS IIUIICK HA HIKHUX
BETBSAX M (JOPMUPOBAHUS HU3KOIITAMOOBBIX JICPEBBLEB;

- YCTaHOBJICHHE DIIUTHOCTU MATEPUHCKUX JIEPEBBHEB C OMpeeNieHneM o0Iel U crenuduyecKoi
KOMOHMHAIIMOHHOW CITIOCOOHOCTH;

- YCKOpPEHHOE BBIpAIIMBaHHE TOCAJAOYHOTO MarepHalia ¢ MPUMEHCHHEM MHKPOJJIEMEHTOB H
ctumysTopos pocta (CuSO4, H3BO3, KMnO,, ruG6eperiiH, reTepoaykCHH U JIp.);

- pa3paboTKa 2JIEMEHTOB paHHEH TUAarHOCTUKU XO3SMCTBEHHO IIEHHBIX MTPU3HAKOB;

- pa3paboTka crnocoOOB UIMTEIHHOTO XpPaHEHUS pPe3epBHOTO (OHAA CEMSH C MPUMEHEHUEM
XUMHUYECKHX BEIISCTB (CHIIMKAreh, THIAPOOKHUCH KaJbIIHs, aKTHBUPOBAHHBIN yroyib W Jp.) H
CO3JIaHUEM OTIPE/ICTICHHBIX YCIIOBHH (TeMIlepaTypa, BIaKHOCTh CEMSIH U Ip. ).

PRESERVATION OF THE GENE POOL OF SIBERIAN STONE PINE IN SOUTH OF
CENTRAL SIBERIA
Matveeva R.N., Bratilova N.P., Butorova O.F., Scherba Ju.E.
Siberian State Technological University, Russia; selekcia@sibgtu.kts.ru

An important issue of forestry is the preservation of tree species gene pool. Siberian stone
pine pine is basically a valuable forest forming timber species in Siberia. The variety of forms is
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in different site conditions. The adverse natural factors (fires, silkworm, etc.) impoverish of the
gene pool of this species, the formation of which took several centuries.

In order to preserve the gene pool, the rapid reproduction and cultivation of planting
material in the SibSTU carries out research in the following areas:
- the establishment of plantations | and Il generations using seeds collected in forests growing in
different environments, different height above sea level, latitude, longitude, forest type,
composition of plantations, quality class, etc.;
- create hybrid-seed plantation to produce hybrid seeds from pollination of pollen of trees of
other origins;
- reproduction of plus trees, certified by seed and stem productivity, study of the variability of
the plants in families and clones;
- the selection of trees on plantations, selection of trees on valuable characteristics: on the stem,
seed production and eco-efficiency;
- reproduction of selected trees by vegetative (graftings, cuttings) and seed methods;
- pruning of crowns on plantations in order to study the formation of bumps on the lower
branches and the formation of the trees with low trunk;
- the definition of elite value parent trees with the definition of general and specific combining
ability;
- the accelerated production of planting material by application of micro elements and growth -
stimulators (CuSQO4, H3BO3, KMnQy, gibberellin, heteroauxin etc.);
- elaboration of the elements of the early diagnosis of valuable traits;
- development of ways of reserve fund long-term storage of seeds with chemicals (calcium
hydroxide, silica gel, activated carbon, etc.) and the creation of certain conditions (temperature,
moisture of the seed, etc.).

MY KCKASI TEHEPATUBHASI CHCTEMA COCHBI OBBIKHOBEHHOM
B YCJIOBUSAX TEXHOI'EHHOI'O 3ATPA3SHEHUS CPE/IbBI
Maxnesa C.I'.
borannueckuii can YpO PAH, Poccusti; makhniovasg@mail.ru

CocHa OOBIKHOBEHHas HIMPOKO pacIpoCTpaHEHa B JIECHBIX 3kocucTteMax CpemaHero u
Oxnoro Ypana. imest orpoMHOE SKOJIOTUYECKOE U XO35HCTBEHHOE 3HAUEHUE, IPEBOCTOU COCHBI
OOBIKHOBEHHOW, YYBCTBUTEIHHOW K TEXHOTEHHOMY 3arps3HEHHUIO, PEearupyroT H3MEHEHHEM
MPOJYKTUBHOCTH, YUCIEHHOCTH W TEHETUYECKOW CTPYKTYphl momyisiuii. BocrponsBoactso
COCHBI B MIPUPOJHBIX YCIOBHUSAX BO3MOYKHO TOJIBKO CEMEHHBIM IyTeM. KauecTBO M KOJIWYECTBO
MBUTBIIBI SIBJISIOTCS JIMMUTUPYIOITUMHU (PaKTOpaMu PEMpPOAYKITUH, YTO OMPEACIIAET aKTyalIbHOCTh
HaIIero UCCeI0BAHMS.

OObekTaMu HWCCHAeAOBaHUS OBUIM  KYJbTYphl U €CTECTBEHHBIE JIPEBOCTOU COCHBI
OOBIKHOBEHHOM 2-3-TO KJIacCOB BO3pacTa, MPOU3PACTAIONIME B TPaJUEHTE TEXHOTCHHOTO
3arpsA3HEHUST B MPOMBIIUICHHBIX I1eHTpax Cpemnero u  HOxuoro VYpama. OCHOBHBIMH
MCTOYHHKAMHU a3pOINOJUTIOTAHTOB B pailoHaxX UcciaeqoBaHUM sABIAOTCS [10neBCKON KpUOMUTOBBIN
3aBoj, CpemHeypalbCKUM MeAeTuIaBWIbHBI 3aBoja, Pedrtunckas ['POC, CarkuHCcKui
MarHe3UTOBBII KOMOWMHAT, KOTOPBIE XapaKTEPU3YIOTCS Pa3IUYMsIMH MO O00beMaM U COCTaBY
3arpsI3HSAIONIMX BEHIECTB U (POPMHUPYIOT Pa3HBIC MO MPOTSIKEHHOCTH M XapaKTepy 3arps3HEHUs
30HBI.

Omnpenensnu obunre, MoppoMeTpuIeCKrue TOKa3aTeIu MY KCKHUX IIHIIEK, GEePTHIHBHOCTD
TBUTBIEI IO KOMITJIEKCY MOP(OIOTUYECKUX, IIUTOJIOTUYECKUX U THCTOXUMUYECKUX MPHU3HAKOB;
KU3HECTIOCOOHOCTD TMBUIBIIBI, KAYECTBEHHBIC U KOJMYECTBEHHBIE TTaPAMETPhI TBUIBIIEBBIX TPYOOK
MBUTBIBI PA3HBIX I[BETOMBUILHUKOBBIX (popMm. MaTtepuan codupanu B mae-utoHe ¢ 20-45 nepeBneB
16-t1 MPOOHBIX TUTOMIAJIEH, ONIEHUBAIN COCTOSIHHE MYKXCKOW I'€HEepaTHBHON CHUCTEMBI KaXKIOTO
JiepeBa U IPEBOCTOS B LIEJIOM.
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N3yueHne My»KCKOU I€HEPaTUBHOM CUCTEMBI COCHBI B IIIUPOKOM CIIEKTPE YCJIOBHM CPEJIbI
MO3BOJIMJIO BBISIBUTH HEKOTOpPHIE OOIIME 3aKOHOMEPHOCTH MHUKpPOraMeTOreHe3a. Y CTaHOBIIEHO,
YTO PACIOJIOKEHHE MYKCKMX UIMIIEK B KpOHE (9KCIO3MLMA, SPYC) HE OKa3blBaeT
CYLIECTBEHHOI'O BJIMSHUS HA KAyeCTBO IBUIBIBI; OJHAKO NP ONPEAEICHUN (PYHKIMOHAIBHBIX
nokaszarejeil CleAyeT Y4YUTBIBaTh pa3nuyus B (EHOJOrHMuecKuX (azax MHUKPOCHOPO- H
rameroreHe3a. HanGonbummii BkIax B 3HIOI€HHYIO M3MEHUMBOCTh KAauyeCTBA IbUIBLBI BHOCHUT
pacIoo’)KeHHe MHUKPOCTPOOMJIa B MY)KCKOM HIMIIKE — YeM Jajee OT OCHOBaHMS, TEM HUXKE
3HAYEHUsl UCCIEeAyeMbIX IokazaTeneil. Pasnuuns nmo (QyHKIMOHAJIBHBIM IOKa3aTeasiM MOTYT
nocturats 50-70%.

VYCTaHOBIIEHO, YTO YHCIO MYKCKMX IIMIIEK Yy COCHbl OOBIKHOBEHHOM 3aBUCHT OT
BO3pacTa JepeBa, (OpPMBI KPOHBI, CEKCyalM3alluu JIepeBa, CAHUTAPHOTO COCTOSHUS, YPOBHS
TEXHOTE€HHOI'0 3arpsi3HeHus. [Ipy paBHBIX YCIOBHSX aTMOC(EPHOro TEXHOT€HHOI'O 3arpsi3HEHUs
B UMIIAKTHOM 30He CaTKMHCKOTO MarHe3UTOBOTO0 KOMOWHATa 3HAYMMBIM (DAKTOPOM pa3BUTHS
MYCKOW T'€HEpPaTUBHON CUCTEMBbI CTAHOBSITCS OJIArONPUATHBIE YCIOBUS IIOYBEHHOT'O MUTaHMUS.

Pesynmprarel  M3yd4eHMST ~ MY)KCKOM  T€HEPAaTHBHOM  CHCTEMBI  COCHBI  pa3HBIX
[[BETONBIJIBHUKOBBIX (DOPM YKa3bIBAIOT HAa CHM)KEHHE KauecTBA IbUIbLIBI KPACHONBUIBHUKOBBIX
¢GopM, 1O CPaBHEHUIO C KEJITONbUIbHUKOBBIMHU, OJHAKO, MaJIO€ YHCIIO KpPAaCHONBUIbHUKOBBIX
JIepeBbEB Ha BCEX MPOOHBIX IUIOIIAASX M MHOroo0Opasue mnepexoiHbix (opMm (0T spko
MaJIMHOBBIX J0 3€J€HbIX C MAJMHOBBIMU TOYKAaMH) HE MO3BOJISIOT CTATUCTUYECKU NMOATBEPIUTD
BBISIBJICHHYIO TCHICHLIUIO.

B 1peBOCTOSIX COCHBI B UMIAKTHBIX 30HAX MPOMBIIUICHHBIX MPEIIPUSTHIA GOPMHPYETCS
IbUIbIA, (PEPTUIBHOCTh U KHU3HECIIOCOOHOCTD (ITOKAa3aTeaN MPOPACTaHUS IMbUIbLBI U Pa3BUTHUS
IBUIBIIEBBIX TPYOOK) KOTOpPOW IOCTOBEPHO HIDKE, YeM B MEHEEe 3arps3HEHHBIX U (DOHOBBIX
ycnoBusax. CTeneHb CHIKEHUS (QepTUIIBHOCTU U KM3HECIIOCOOHOCTU U MpeoliaaroIiyue TUIIbI
QHOMAJIMI TMbUIBLIBI  ONPENENSIIOTCS TEHOTUIIOM U yCIoBUsMHM Ouortona. Pe3ynbTarhl
UCCIICIOBAaHMS  SIBJIIIOTCS NEPCHEKTUBHBIMHM JUIsI OMOMOHHMTOpPUHIA, JIECHOW T€HETHUKU U
CEJICKLIMH.

SCOTS PINE MALE GENERATIVE SYSTEM UNDER THE CONDITIONS OF
TECHNOGENIC POLLUTION
Makhniova S.G.
Botanical garden, Ural Division of Russian Academy of Sciences, Russia;
makhniovasg@mail.ru

Scots pine is widely spread in forest ecosystems of the Middle and South Ural. Having
vast ecological and economic importance, stands of Scots pine are sensitive to technogenic
pollution and respond with the changes in productivity, numerosity and genetical structure of
population. Naturally pine reproduction is possible with seeds only. Quality and quantity of
pollen are the limitative factors of the reproduction, that determines the relevance of our
research.

Obijects of our research were cultures and natural stands of Scots pine of 2-3 age classes
growing in the gradient of technogenic pollution located in industrial centres of the Middle and
South Ural. The main sources of air polluting matters are Polevskoy cryolite plant,
Sredneuralskiy copper-smelting plant, Reftinskaya GRES and Satkinskiy magnesite plant, those
are different in quantity and composition of polluting substances and form areas different in
extension and nature of pollution.

Abundance, morphometric values of male cons, pollen fertility on a complex of
morphological, citological and histochemical signs were defined. Also we determined pollen
grow power, qualitative and quantitative parameters of pollen tubes in various colour-anther
forms. The material was gathered from 20-45 trees in 16 test areas in May-June, condition of
male generative system of each tree and the whole stand of trees was evaluated.
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Studying of male generative system of pine under the wide range of environmental
conditions allowed us to determine some general regularities of microgametogenesis. In the
course of research were defined that location of male cons in the crown (exposition, storey) does
not influence greatly the quality of pollen; however, defining functional performance difference
in phenological phases of microspore - and gametogenesis should be taken into consideration.
Location of microstrobe in the male con makes substantial contribution to variability of pollen
quality — the farther its location from the basis the lower the value of studying indicators. The
difference in functional performance may vary 50-70%.

It was defined that quantity of Scots pine male cons depends on the age of tree, crown's
shape, tree sexualization, sanitary condition and the level of technogenic pollution. Favourable
conditions of soil nutrition becomes the important factor of male generative system development
under the equal conditions of atmospheric technogenic pollution in the impact zone of Satkinskiy
magnesite plant.

Results of studying various colour-anther froms of pine male generative system shows
decrease of pollen quality in red-anther forms in comparison with yellow-anther forms, however,
low number of red-anther trees in all test areas and variety of transitive forms (vary from bright
crimson to green with crimson spots) do not allow to confirm this tendency statistically.

The pollen, which fertility and grow power (pollen germination and development of
pollen tubes) are authentically lower than in less polluted background conditions, is formed in
the tree stans in the impact areas of industrial works. The degree of decrease in pollen fertility
and grow power and prevailing types of anomalies are defined by genotype and biotype
conditions. Research results are prospective for biomonitoring, forest genetics and selection.

JANHAMMUKA POCTA U COXPAHHOCTHU PAZHOIVIOUJIHbBIX T'NBPU/10OB
TOIIOJISA B YCJIOBUSIX BOPOHEKCKOM OBJIACTH
Mamknna 0.C."
"Bopomexckuii rocyaapcTBennsiii yansepenter, Poccusi; olga_mashkina@yahoo.com
ZBcepoccnﬁCKHﬁ HWMU necHoi reHeTHKH, CeNIeKITUU U OMOoTeXHOJIOTHH, BopoHexk

W3BecTHO, 4TO MIAHTAMOHHOE JECOBBIPALIMBAHUE C UCTIOIb30BAHUEM OBICTPOPACTYLINX
opoJ (B YaCTHOCTH, TOMOJISI) U CEIEKIMOHHO-YIYUYIIIEHHOTO (COPTOBOr0) MaTepralia — OAUH U3
nyTeld TOBBIIIEHHUS] TMPOAYKTUBHOCTH M YCTOWYMBOCTH HACAKICHHUH, WHTCHCHU(PHKAIIUU
NPOU3BOJCTBA  JPEBECHHbI i1 OOEcleueHuss  ChIpbeM  JieconepepadaThIBAIOILYIO
MPOMBINIIEHHOCTh. [IaHTaIllMOHHbIe KYJIBTYPHI JOKHBI OBITH HE TOJIBKO MPOJTYKTUBHBIMH, HO H
ycTonuMBBIMU. ['7100ampHOE MOTEIUIEHHE KJIMMAaTta MPUBENIO B MOCIEIHUE TOJbl K YBEIUUYEHHUIO
quciia 3aCyX B LEHTpaJIbHOU yacTH Poccuu, KOTOphIE OKa3aJli HEraTUBHOE BIMSIHUE U HA JIECHBIC
npeBecHble pactenus. OcobeHHo criibHOM 3acyxa Obuta B 2010 romy.

C nenpio 0TOOpa MepCreKTUBHBIX [T MPAKTUYECKOTO UCIIOJIb30BaHMs OMOTHUIIOB TOIOJIA,
M3y4Y€Ha JIMHAaMUKa pOCTa M COCTOSHUE paHEE CO3/IaHHBIX MCIBITATEIbHBIX KYIbTYP
Pa3HOMIONIHBIX (TPUILIOUIHBIX — 2n=3X=57 ¥ AUIIOUIHBIX — 2n=2X=38) rubpuaoB (24 KioHAa,
no 5-19 pamer kaxablil) B MHOTOJIETHENH nuHamuke (0T roaa no 28-30 ser). AyTOTPUILIONIbI
toronst Oenoro (Populus alba L.) momydeHsl HamMu TIpH HCHOJIB30BAaHHM B THOPHIU3ALIAU
MCKYCCTBEHHO CHHTE3MPOBAHHOI C MOMOIIbIO MOBBIIIEHHON TeMIepaTypbl HEPEeIyLIUPOBAHHON
muruionaHoN (2n) meutelibl (Mammkuza, 1989), a aBa amnorpurmionna (T. JEIbTOBUAHBIA X T.
6anp3amuueckuit — P. deltoides Marsh. x P. balsamifera L.) — E.M. TI'ynsesoit (1980) mpu
MCIIOJIb30BAaHUU 2N MBUIBLIBI, CHHTE3UPOBAHHON C MOMOLIBIO KOJIXUIMHA. B KauecTBe KOHTpOIIA
MCIIOJIb30BaHbl JAUIUIOUIHBIE KJIOHBI TOMOJS 0allb3aMHUYECKOro M OBICTPOpPACTYIIEro rudpuaa
yepHbIx Tomosield (“PoOycra-236”), a Takke BCEMUPHO M3BECTHBIM aJNIOTPUTLIOUIHBIN
reTepo3ucHbli KJIOH ‘“Boponexckuit rurant” (9c¢-38: HenbTOBUAHBIA X Oanb3aMHUYECKH)
cenekuu M.M. Bepecuna (1989). B nenom rubpusl Tomosst 6€710ro MposBIIN 00JIee BHICOKYIO
YCTOMYMBOCTh K 3acyxe. [Ipuyem, coxpaHHOCTh Oblia BBILIIE Y TPUILUIOMJIHBIX THOpPHAOB (B
cpenneM 56.3%) mo cpaBHeHUIO ¢ aurougHbIMU (42.6%) U BappupoOBaja B 3aBUCHMOCTH OT
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reHotuna ucxomHoro gnepesa or 0 1o 100%. HawubGonpmas rubens  pacTeHHH
TPYAHOYKOPEHEMOro TormoJig Oenoro Habmojanack B MEpBbIE TPU Tojla TOCIE BBICAIKU
YEPEHKOBBIX CAXEHIEB B IMHUTOMHHK, YTO MOXET OBITh CBSI3aHO C HEAOCTATOYHO XOPOIIO
Pa3BUTOI KOPHEBOM CUCTEMOH y pacTEeHUH, MOJyYEeHHBIX OOBIYHBIM YepeHKOBaHUEM. HanpoTus,
y T. 0amp3aMHYECKOro, T. YEPHOTO W MEKCEKIMOHHBIX THUOPHUIOB (ICIbTOBUAHBIA X
Oab3aMHUYECKHi) OCHOBHAs ruOenb pacTeHui HabOmonanack mocie 3acyxu 2010 r. OcobeHHo
CUJIBHO MOCTpajall KJIOH TOMous Oanb3amMudeckoro (coxpanHoctb 40%), B MEHBIIIECH CTENEHU —
kJIoH Tomois “Pobycta-236” (coxpanHocth 60%) u Tomons 3¢ 38 (coxpaHHOCTh 86.7%), 4TO
IIPUBEJIO K CHI)KEHUIO y HUX 3amaca JpeBecuHbl Ha 1 ra k 30-netHemy Bo3pacty. KioHsl nByx
AHAIM3UPYEMbIX QJIOTPUILUIONAHBIX THOPUIOB MPAKTUYECKH HE TMOCTPaJald OT 3acyXH
(coxpannocth 100%), 32 HCKJIFOUEHHWEM TOSIBJICHUS Yy HUX OTACIBHBIX 3acOXIUX moberos. B
Bo3pacte 30 JieT ux cpeaHss BbicoTa coctaBmia 22-23 M, auametp — 28-30 cM, 00bEM CTBOJIOB
0.51-0.59 M, pacdeTHBIN 3amac apeBecuHbl — 319-367 M>/ra, 9TO BBIIIC IOKa3aTeneil (WIH He
yCTYHaeT MM) KJIOHOB B KOHTpose (T. 6alb3aMHYecKoro, ctanaapTHoro copra PoOycra-236 u
TFeTEPO3UCHOTO AITOTPUILIOMAHOTO TOMOoJIs 3¢ 38). He BBISIBIEHO CTAaTUCTUYECKU JOCTOBEPHBIX
pa3INyuuii MO POCTy MEXAY TPYIIaMU TUIUIOMIHBIX U TPUILUIOMIHBIX KJIOHOB TOMoJs Oenoro. B
00eux rpymnmnax oTMe4eH HOJIMMOP(U3M KIIOHOB 110 POCTY B BBICOTY | 110 1uamerpy. Otobpano 4
OBICTPOPACTYIINX, TPOAYKTUBHBIX U YCTOWYMBBIX K 3acyxe rubpuna (auriougnsie — 184/82 u
136/82 u tpumnouansie — 65/81 u 143/82), KOTOpBIE MPEACTABISIIOT MHTEPEC Ui CO3AAHUS
IUTAHTallMi 1IeJIeBOro HasHayeHus. B Bo3pacre 28 ner (HWKHUN mNpenen Bo3pacTa PyOKH)
CpenHsis BBICOTA JepeBbeB coctaBmiia 21-23 M; cpennuii muametp Ha Bbicote 1,3 M — 37-46 cM;
0GbeM ctBoioB — 0.96-1.42 M°; pacueTHbIi 3amac APEBECHHBI Ha | ra PH Pa3MELICHHH JACPEBbCB
4 x 4 M u coxpannoctH 80-84% — 492-737 m°/ra, YTO CYIIECTBEGHHO BBIIIE MOKA3aTEleil
OCTaJIbHBIX HM3YyYEHHBIX HAMU KIJIOHOB TOMOJISI OENOr0 M MPHUBEACHHBIX B JIMUTEpAType IS
KYJIBTYp TOTO K€ BO3pacTa.

GROWTH DINAMICS AND SURVIVAL OF HETEROPLOID POPLAR HYBRIDS IN
VORONEZH REGION
Mashkina O.S.}?
\oronezh State University, Voronezh, Russia; olga_mashkina@yahoo.com
?Research Institute of Forest Genetic, Breeding and Biotechnology, VVoronezh, Russia

Establishment of forest plantations by using fast-growing species (such as poplar) and
breeding improved material is known to be one of the ways of increasing their productivity and
resistance. It is also a way for intensification of production of wood raw material for the wood
processing industry. Woody plantations should be not only productive, but also resistant. In
recent years, global warming resulted in increasing the number of droughts in the central part of
Russia, which had a negative impact on the forest woody plants. Particularly severe drought was
in 2010.

The growth dynamics of heteroploid (triploid — 2n = 3x = 57 and diploid — 2n = 2x = 38)
poplar hybrids (24 clones, 5-19 plants for each clone) has been studied during a long-term period
(from one year to 28-30 years). Autotriploids of white poplar (Populus alba L.) were obtained by
us using in hybridization the unreduced diploid (2n) pollen induced by high temperature
(Mashkina, 1989). Two allotriploids (3x-1 and 3x-2, P. deltoides Marsh. x P. balsamifera L.)
were obtained by E.M. Gulayeva (1980) using 2n pollen produced by colchicine treatment. As
controls, the world-famous allotriploid heterosis clone "Voronezh giant" (P. deltoides Marsh. x
P. balsamifera L.) obtained by M.M. Veresin (1989) and diploid clones of poplar and fast-
growing black poplar hybrid ("Robusta-236") were used. In general, white poplar hybrids
showed higher resistance to drought. However, the preservation of triploid hybrids was higher
(average 56.3%) compared to diploid hybrids (42.6%), and varied depending on the genotype of
initial trees from 0 to 100%. The greatest loss of plants of white poplar was observed during the
first three years after planting of cutting seedlings in the nursery. It may be associated with poor
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rooting of plants obtained from cuttings in the greenhouse. On the contrary, major loss of plants
of P. balsamifera L. and intersectional hybrids (P. deltoides Marsh. x P. balsamifera L.) was
observed after the 2010 drought. Especially high plant mortality was observed in P. balsamifera
clone (preservation of 40%) and to a lesser extent in poplar "Robusta-236" (preservation of 60%)
and poplar "Voronezh giant" (preservation of 86.7%). This led to decrease of wood stock per
hectare by the 30-year age. Two clones of allotriploid hybrids (3x-1 and 3x-2) were hardly
affected by drought (preservation of 100%), except for emergence of some withered shoots. At
the age of 30 years, their average height was 22-23 m, diameter - 28-30 cm, volume trunks 0.51-
0.59 m?, the estimated wood stock - 319-367 m® ha, which is higher than in the control clones
(P. balsamifera L., fast-growing black poplar*Robusta-236" and allotriploid poplar "Voronezh
giant"). There were no statistically significant differences in growth between groups of diploid
and triploid white poplar clones. In the both groups, we observed polymorphism of clones in
height growth and diameter. Four fast-growing, productive and drought tolerant hybrids (diploid
- 184/82 and 136/82, triploid - 65/81 and 143/82) were selected, which are of interest for
establishment of target forest plantations. At the age of 28 years (the lowest age for tree felling),
the average height of trees was 21-23 m; the average diameter— 37-46 cm; volume trunks — 0.96-
1.42 m® the estimated wood stock —492-737 m* ha, which is much higher than for the
remaining white poplar clones studied and for the trees of the same age reported in the literature.

AHAJIN3 U3YYEHHOCTHU JIECHBIX TEHETUYECKUX PECYPCOB CUBUPU
Muuarorus JILH.
Wuctutyt neca um. B.H. CykaueBa CO PAH, Poccus; milyutin@ksc.krasn.ru

Kak u3BecTHO, J€CHblE TE€HETHMUYECKHE pPECYpChl — 3TO COBOKYMHOCTb I'€HO(OHIOB
IOPUPOJHBIX M KYJIbTUBUPYEMbBIX MOMYJSIIMM JIECHBIX JPEBECHBIX PACTEHUM, HMEIOIINX
peaJbHYl0 WIM MOTEHIHAIbHYI0 LEHHOCTh Ui onpeneneHHod Ttepputopun (Kpatkuii
cioBapb..., 2014). Ha npakrtuke B OOJNBIIMHCTBE CIy4YaeB JIECHbIE T€HETHYECKHE PECYpPChI
U3y4yaloTCsl Ha NpUMeEpe JIecoOOpa3yIoIIUX BHJIOB JPEBECHBIX pacTeHHH. M3ydeHHOCTh 3THX
pPEeCypcoB cieayeT paccMaTpUBaTh € ABYX MO3UIIMNA: TAKCOHOMUYECKON U reorpaduueckoi.

C TakCOHOMMYECKOW TOUYKH 3pEHMsI C Y4eTOM BHJIOBOro OHopasHooOpazus B Cubupu
HauOosee TOJHO M3y4YeHBbl JiecooOpasyromue BHUABI XBOWHBIX. Ilpn 3TOM reHeTmyeckuit
noauMopdu3M Haubojiee JAETalbHO MCCIEIOBaH B MOMYJSALUSAX TAaKUX BHJOB, KaK COCHA
OOBIKHOBEHHAsI, COCHa KeApoBasi cuOupcKasi, JMCTBEHHMIIA cuOupcKas, nucTBeHHua Cykauesa,
eJb cuOHMpcKas, MUXTa cHOMpcKas. 3HAUUTENbHO ciadee M3ydeHbl MOMYJISLUU JTMCTBEHHUIIBI
I'menuna, nuctBeHHunbl Kasgnaepa, enn asHckoil. IIpakTMdyeckn HET MarepuaioB o
TeHETUYECKOM MOIUMOp(pHU3ME JECO00pa3yIOINX MIATKOJIUCTBEHHBIX MOPOJ — MpeAcTaBUTENIeH
poznos Betula u Populus.

Kapuonornyeckuii monmumMoppusM J0CTaTOYHO XOPOLIO H3Y4YEH MPAKTHUYECKH y BCEX
CUOMPCKUX BUJOB XBOMHBIX. [Tpu paccMoTpeHnu 310l mpobsieMsl ciiefyeT 0co00 OTMETUTh, UYTO
Ha MpUMepe eIu CUOMPCKOW OBbUIM BIEpBBIE OOHAPYKEHBI OCOOM T'OJOCEMEHHBIX PACTECHHH C
n00aBOUYHBIME XpoMocoMaMu. Oco0oro BHHMMaHMS 3aciyXuBaeT oOHapyxkeHue B Cubupu
JIEPEBbEB TPUIUIOUAHON «MCIIOJNHCKON) OCHHBI.

I'eorpadmueckas M3MEHYMBOCTh Haubosiee IIMPOKO MpPEJCTaBlIeHAa B HCCIIEJOBAHMSIX
COCHBI OOBIKHOBEHHOM, COCHBI KEIPOBOW CHOMPCKOMW, JIMCTBEHHULIBI CHUOMPCKOM, MpUYEM 3TH
MCCJIEIOBaHMSI TIPOBEACHBI KaK B MPUPOAHBIX MOMYJISALUAX, TAK U B reorpauueckux KyJlbTypax.
VY npyrux XBOMHBIX M MSTKOJIMCTBEHHBIX MIOPOJ, TAKUE UCCIEAOBAHNS WU IIPEICTABICHBI JIHILb
OTJIENbHBIMU (PparMeHTaMu, UK BOOOIIe OTCYTCTBYIOT. B onpenenenHoi mepe reorpadudaeckas
U3MEHYMBOCTh CHOMPCKMX BHJIOB XBOHHBIX OTpaXXeHa B JCHCTBYIOLIEM JIECOCEMEHHOM
paliOHUPOBAHUH

OOmmpHBbIe HccieI0BaHNs, HallpaBJIeHHbIE Ha aHATN3 MOP(OJIOrHUECKON H3MEHUYNBOCTH,
IIPOBEJEHBI Y BCEX JiecooOpa3ymoIIUX BUIOB, B NIEPBYIO O4epeib, XBOWHBIX. B aT0il mpobieme
aKTyaJbHBIMM OCTAIOTCS BONPOCHI HACIEICTBEHHONH OOYCIOBIEHHOCTH TE€X WJIM MHBIX
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MOp(hoNOrHUecKux Mpu3HaKkoB. [logo0HBIE BOMPOCHI KAacalOTCS W3MEHYMBOCTU M APYTUX
MPU3HAKOB: (PEHOIOTUYECKUX OCOOCHHOCTEH, CMOJIOMPOIYKTUBHOCTH U JIp.

C Touku 3peHust reorpaguu MOXKHO OTMETHUTH OOLIYIO XapaKTepHYIO IS BCEX BHJIOB
OCOOCHHOCTB: JIYUIIYI0 U3YYEHHOCTh UX T€HETUYECKUX PECYPCOB B IOJKHBIX pallOHaX apeayoB U
COOTBETCTBEHHO XY/IIIYIO — B CEBEPHBIX pallOHAX. ITO OTHOCUTCS MPAKTUYECKU KO BCEM BUJIAM,
3a UCKJIIOYEHHEM JIMIIb JTUCTBeHHULIbI KasHnepa, kotopast He pacnpocTpaHeHa Ha rore Cubupu.
OTMmeuyeHHass 3aKOHOMEPHOCTH JIETKO OOBsICHAETCS Ooyiee TPyIHOW JOCTYMHOCTBIO JIECOB
ceBepHbIX paitoHOB Cubupu. KoneuHo, ceBepHbIe jieca XapaKTepu3yIOTCsl, KaK MPaBUIIO, HU3KOM
IPOAYKTUBHOCTBIO, HO B TO )K€ BPEMSI OHM MMEIOT Ba)KHOE JKOJIOrMueckoe 3HaueHue. Kpome
TOT0, CEBEpHBIE Jieca B OOJIBLIIMHCTBE CIY4aeB IPEICTaBJICHb aBTOXTOHHBIMU HACaXICHUSMU,
YTO TOBBIACT IIEHHOCTh HMX TEHETHUYECKUX pecypcoB. HeoOXommmo Takke OTMETHTb, YTO
MCCJIEIOBaHMSI BUJIOB JPEBECHBIX PACTEHUN y CEBEPHBIX I'PAaHUI] UX apeajioB (KaK U y FOKHBIX)
SIBJISIFOTCSL BA)KHBIM KOMITOHEHTOM a/IalITUBHOM CEJIEKIIUU 3THX BUJIOB.

[Ipu aHanu3e JIeCHBIX TEHETUYECKUX pecypcoB CHOUpPHU CleyeT yYUThIBATh CHEHUPUKY
pa3IMYHBIX THUIOB TOMYJSIUNA JPEBECHBIX PACTCHHI: W30JUPOBAHHBIX, OCTPOBHBIX 3a
mpeieaMu OCHOBHOTO apeasia; TMOPUIHBIX B 30HAX €CTECTBEHHON MEXBUIOBON THOpUIN3AIIUU

U JIp.

ANALYSIS OF SIBERIAN FOREST GENETIC RESOURCES STUDY
Milyutin L.I.
V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences, Russia;
milyuin@ksc.krasn.ru

It is known that forest genetic resources are the aggregate of genofonds of native and
cultivare populations of forest woody plants, valuable really or potential for specific territory (A
brief dictionary...2014). Forest genetic resources are studied in practice in most cases on
example of forest-forming woody plants. It is necessary to consider of study of these resources in
two positions: taxonomic and geographic

Forest forming coniferous species are studied best of all with taxonomic point of view
took into account biodiversity. Genetic polymorphism is studied most in detail by such species as
Pinus sylvestris, Pinus sibirica, Larix sibirica, Larix sukaczevii, Picea obovata, Abies sibirica.
Populations of Larix gmelinii, Larix cajanderi, Picea ajanensis are studied considerable worse.

Materials about genetic polymorphism of forest forming foliage species — representative
of genera Betula and Populus are absent Caryological polymorphism is studied sufficiently well
in all Siberian conifer species. It should be note especially attached to examination of this
problem, than individuals with B-chromosome were discover first by gymnosperms as an
example Picea obovata. Discovery in the Siberia of triploid asp deserve of special attention.

Geographic variability is shoved most broad in the investigations of Pinus sylvestrism
Pinus sibirica, Larix sibirica. These investigations are conducted both in the natural populations
and in the provenances trials. Such investigations of another conifer and foliage species either
are shoved by separate fragments or are absent at all Geographic variability is shoved in a large
measure in the operative forest seed sources regionalization.

Numerous investigations directed to analysis of morphological variability are conducted
by all forest forming species in the first place by conifers. Questions of hereditary determination
of either signs remain in this problem. Similar questions concern of the variability other signs:
phonological peculiarities, resin productivity etc.

It can note with the geographic point of view general typical peculiarity for all species:
best study of forest genetic resources in the south regions of areas and according worse one in
the north regions. This fact concern of all species with the exception of Larix cajanderi which
does not grow in the south of Siberia. Noted regularity is explained simply of more difficult
availability of forests in the north Siberian regions. Certainly the north forests are characterized
as a general rule of bad productivity, but they have the great ecological importance. Besides that
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north forests are presented in most cases autochthonous stands that raise value of their genetic
resources. It is necessary to note too that investigations of species woody plants by north border
their areas (by south border too) are important component of the adaptive breeding their species.

It is necessary to take into account by analysis of Siberian forest genetic resources
specific of different types populations of woody plants: isolated insular populations outside the
main areas, hybrid populations in the zones of natural intraspecific hybridization etc.

NH®OPMAINMNOHHO-BBIYUCIUTEJBHASA CUCTEMA «'’EHOMHUKA
IMATOI'EHOB, IEPEHOCHUMBIX UKCOAOBbIMHA KJIEINAMW»
MoJiopoaoB 10.1. TuxkyHoBa H.B.
lI/IHCTI/ITyT BbIUMCIUTENBHBIX TexHONorui CO PAH
2I/IHCTI/ITyT XUMUYECKOW Omosioruu u pyHaamentanbaoi meauiuasl CO PAH

Ha tepputopum 3HauuTenpHOM dacTh Poccum TaekHbii kiemp Ixodes persulcatus
ABJIIETCS OCHOBHBIM BHJIOM CpEIM HamaJaloluX Ha TEIUIOTBOPHBIE OpraHu3Mbl. MKkconoBble
KJIEIIU SIBISIOTCSA TEPEHOCYMKAMU MHOXKECTBA BHPYCHBIX, OaKTEpUANbHBIX U MPOTO30HHBIX
BO30yauTeNel 3a00JIeBaHUI YeIOBEKa U KUBOTHBIX.

s Poccum Hambonee conMaibHO 3HAYMMBIMU BO30YIUTENSIMU MPHUPOJAHO-0YATOBBIX
MH(pEKUUH YeraoBeKa, NEPEHOCHUMBIX KIIELIaMM, SBISIOTCA OOppelud M BHUPYC KIEIIEBOTO
sunedanura (BKI).

UccnenoBanue TeppUTOPUATIBHOM  3aCEIE€HHOCTH  Pa3IMYHBIX BHUAOB KJIEIIA H
MOCIEAYIOIee U3YYeHHE MOJIEKYJISPHBIX OCHOB IMaTOTE€HE3a M DBOJIOLUU BHUpYyCa KIELIEBOTO
sanedanura (BKD) sBrsercs onHOM W3 BaXKHBIX 33/1a4 COBPEMEHHON BUPYCOJIOTHH.

COMPUTER INFORMATION SYSTEM "GENOMICS OF TICKS BORNE
PATHOGENS"
Molorodov Yu.}, Tikunova N.2
YInstitute of Computational Technologies, Siberian Branch of Russian Academy of Sciences
“Institute of Chemical Biology and Fundamental Medicine

In the territory of a large part of Russian taiga tick Ixodes persulcatus is the main among
forwards in the calorific organisms. Ticks are vectors of many viral, bacterial and protozoan
pathogens of humans and animals.

For Russia, the most socially important pathogens of natural focal infections of human
tick-borne Borrelia are virus tick-borne encephalitis (TBE).

The study of territorial population of different kinds of mites and subsequent study of the
molecular basis of pathogenesis and evolution of the virus tick-borne encephalitis (TBE) is one
of the important tasks of modern virology.

PASHOOBPA3UE U TEOT'PAOUYECKOE PACITPEAEJIEHHUE I'AIIJIOTUIIOB
I'EHA NAD1 HA APEAJIE KOMILJIEKCA PICEA ABIES - P. OBOVATA
Myapuk E.A., IToasikosa T.A., llatoxuna A.B., Ilosmros /I.B.

Wucruryt obmei renernku um. H.W. BaBunosa PAH, Poccus; mudrik@vigg.ru

Pa3znooOpa3ue ramaoTumoB BTOporo HHTpoHa reHa Nadl w wux reorpaduveckoe
pacripesieliecHue Ha apeajie KOMIUIEKca eBporelickoil u cubupckoii eneii (Picea abies (L.) H.
Karst. — P. obovata Ledeb.) 6wuto wmcciemoBano B 32 HPUPOAHBIX MOMYJSIIUAX U 16
IPOBEHUEHIUAX Teorpaduyeckux KyinbTyp, npenactaBistonx Bocrounyio Espomy (Yexws,
[Tonema, benopyccus, VYkpauna), @dennockanguto (IIBenus), Ilpubantuky (DcToHun),
EBponeiickyto yacts Poccun (Pecnyonuka Kapenus, Mypmanckas, Apxanrenbckas, Kuposckas,
Bonoroackas, Tsepckas, Koctpomckasi, MockoBckas, Ps3anckas o6m., Pecmybnuka Kowmm),
Vpan (PecnyOnuka bamxoprocran, Ilepmckmii kpaif, YensOunckas, CBepaioBckas o00i1.),
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Cubups (SImano-Henenkuit u Xantsi-Mancuiickuii AO, Kpacnosipckuii kpaii, Upkyrckas 001.,
Pecniyonmkn TwiBa, Xakacus, bypstus n Caxa (Axyrus)), Hansuuit Bocrok (XabapoBckuit
kpait) u CeBepo-Bocrok (Maraganckas 00:1.) Poccun. ["ammoTumbl 10:KHOEBPOIIEHCKON TPYIITBI
ObuTH MACHTHUIIMPOBaHBI B Uexuu (746E, 842F, 874F, 938F, 970E) u YKpauHe (746E, 815E).
[Tonbckast u onHa U3 OEIOPYCCKUX BBIOOPOK xapaKTegHwBanaCL OJTHOBPEMEHHBIM HAJINYHEM
ceBepoeBporieiickoro (721) u roxxHoeBpomneiickoro (8157) BapuaHTOB, MPU STOM B MONYJISALNHA U3
[TonbI OCHOBHBIM TaIIOTHIIOM SIBIISUICSI FOKHBIN, a B O€IOpPYCCKON — ceBepHBI. [IBe apyrue
nomynsiuuu - U3 benopyccun  o0jamany  TOJABKO — CEBEPOEBPONEHCKUMM — TaluIOTHUIIAMH.
CeBepoeBporieiickas ramiorpyiia Broporo uHTpona rena nadl (721, 755, 789, 823, 857, 891,
925) pacnpoctpanena ot llIBenuu n DcTtonnu no Beeir EBponeiickoii wactu Poccun, a Takke Ha
VYpane. Haubonee gacTslii raruiotun — 721, COAEpXUT OJHY KOMHIO IIEPBOTO MUHUCATEILTUTHOTO
MOTHBa pasMepoM 34 1.H., HauOoJiee peaKue — BapuaHThl ¢ mecThio (891) U cemMblo KOMUAMU
(925).

Ha Bcem mnpoTsokeHMM CHOMpPCKOM, CeBepo- W JaJIbHEBOCTOYHOM dacTel apeana
komiuiekca Picea abies — P. obovata B ocHOBHOM pacrnpocTpaHEeH OIMH BapHaHT CHOUPCKOI
ramiorpymnmsl — 712°. Tak xe, kak 1 HauGoNee YACTHI B Cesepnoii EBporie ramnorun 721, on
XapakTepu3yeTcss HAIWYHEM OJHOM KOMWU TEepBOTO MHHHUCATEIUIMTHOIO MOTHBA, OJHAKO
cUOMpCKHUE BapHaHTHl HE OO0JaNal0T JCBATUHYKICOTHIHOM HHCEpUHENH, 4YTO OTJIMYaeT HX
ceBepoeBporeiickux. [Tomumopdusm BToporo nHTpoHa rera Nadl B M3y4eHHBIX HAMU BBIOOPKAX
ObLT BBIBIEH TOJNBKO B JBYyX mnomymsauusx: B 3amagHom CasHe u ToiBe. B ToiBe Obutn
uaeHTH(uUIMpoBan ramotan 746°, coxeprkammii 1Ba mOBTOpa pasMepoM 34 ILH., a B CasHax
BITEPBBIE OIICAH FAILIOTHII C TPEMsI KOIHUSIMH JaHHOro MotnBa — 780°.

MenauaHnHas ceTh ramioTUIIOB JEMOHCTPUPYET 000CO0IEHHOCTD F0’KHOM raruiorpymnibl OT
CEBEPOEBPOINEHUCKON, a CHOUpPCKHE TaIuIOTHIBl 3aHUMAIOT MPOMEXKYTOYHOE TMOJIOKEHHUE.
OTcyTcTBHE B 30HE HMHTPOTPECCHBHOW THOPHIM3AIMN EBPONEHCKOM W CHUOMPCKOW eiei,
OUEpUEHHOM paHee Mo MOP(HOIOrHYECKUM U AITTIO3UMHBIM MapKepaM, OJIHOBPEMEHHOTO HAJINYHS
CEBEPOEBPOIEHCKUX M CHOMPCKHX TalsIOTUIIOB yKa3bIBaeT Ha 0oJiee BhIpaXKEHHBIE Oapbephl s
pactipocTpaneHus MutoxoHapuanbHoi JJHK mo cpaBHeHuto ¢ saepusiMu Mapkepamu. O6 3ToM
CBUJICTENILCTBYIOT U IaHHBIE aHAIM3a MOJIeKysipHOi mucniepcn AMOVA: MeXITOmyIsIroOHHAs
KOMIIOHEHTa TI'eHETHYEeCKOM H3MEHYMBOCTH M3Y4YEHHBIX BBIOOPOK cocTaBiser 65 %,
BHyTpUnonyisiionHast — 35 %. Breicokoe 3HaueHHe 3TOro mokasareis yKa3blBaeT Ha CUIIbHYIO
TeHETUYECKYIO MOAPA3JeIeHHOCTh €BpONENHCKUX M cubupckux mnomymsiuui enmu no MTAHK,
BEPOSATHO, OOYCIIOBJIIEHHYIO 3aTpylHEHUEM IoToka reHoB ¢ cemeHamu (MT/IHK nacnemyercs
TOJIbKO 110 MaTEpUHCKOW JIMHUU) depe3 OesnecHble ydacTKu 3amaJHo-CHOupCKON paBHUHBI B
TUICHCTOIIEHE U, BO3MOXKHO, Yepe3 MOHMBI KPYITHBIX PeK.

Paboma noooepacana npoexmamu PODPHU Ne 14-04-31059 and Ne 15-04-07961.

DIVERSITY AND SPATIAL DISTRIBUTION OF NAD1 GENE HAPLOTYPES
ACROSS THE PICEA ABIES - P. OBOVATA SPECIES COMPLEX RANGE
Mudrik E.A., Polyakova T.A., Shatokhina A.V., Politov D.V.

N.I. Vavilov Institute of General Genetics, Russian Academy of Sciences, Russia;
mudrik@vigg.ru

Length and sequence variation among haplotypes of intron 2 of mitochondrial nadl gene
have been studied in Norway and Siberian spruce (Picea abies (L.) H. Karst. — P. obovata
Ledeb.) species complex. 32 native populations and 16 provenances representing Czech
Republic, Poland, Belarus, Ukraine, Sweden, Estonia, European Russia, the Urals, Siberia, the
Far East and the Northeast were analyzed. The South European haplogroup was identified in
populations from the Czech Republic (746%, 842°F, 8745 938 970F) and Ukraine (746°%, 815F).
The admixture of South (815 F) and North (721) haplotypes was found in Polish population as
well as in one provenience from Belarus (721, 823 and 815F). Distribution of the North
European haplogroup (haplotypes 721, 755, 789, 823, 857, 891, 925) is delimited in the west by
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the Ural region inclusively. Haplotype 712° is widespread in populations of Siberia, in the Far
East and in the North-East of Russia. The rare Siberian haplotype 746°containing two copies of
the first minisatellite motif (34 bp) was found only in one population from Tyva. A novel variant
of the Siberian haplogroup (780°) containing three copies of that motif was recognized for the
first time in the Western Sayan.

A constructed median haplotype network shows intermediate position of Siberian
haplotypes between North Euripean and South European haplotypes. The absence of admixture
of North European and Siberian haplotypes in the zone of spruce species introgression
previously marked by morphological traits and nuclear allozyme loci was demonstrated. This
may evidence for the existence of more sharp geographic boundary between the two haplogroups
as compared to phenotypic and allozyme data. A high proportion of inter-population component
of variation (65%) estimated through AMOVA indicates a substantial genetic subdivision of
European and Siberian populations of the Palearctic spruce complex by mtDNA that can be
putatively explained by natural barriers for gene flow with seeds related, for instance, to the
woodless regions of the West Siberian Plain in the Pleistocene and probable floodplains of large
rivers.

This work was support by grants of Russian Foundation for Basic Research Ne 14-04-
31059 and Ne 15-04-07961.

PEINPOAYKTUBHBIE OCOBEHHOCTH TIOMEHCKOM PACHI COCHbBI
OBBIKHOBEHHOM B 'EOT'PA®UYECKHX KYJbTYPAX EBPOIIEHCKOI'O
CEBEPA POCCHUHA
Haksacuna E.H.

CesepHnblii (ApkTHueckuii) dpeaepanbHblii yHuBepcuTeT nMeHu M.B. Jlomonocosa, Poccus;
nakvasina@yandex.ru

[ToromcTBa TIOMEHCKOH Teorpaduyeckoil packl COCHBI OOBIKHOBEHHOW (CypryTckas,
3aBOJIOYKOBCKas MPOBEHMEHIMHM) MOCTYNWIM Ha HUCHbITAHHE B reorpapuueckux KyJbTypax
rocynapcTBeHHOM cetn B 4-X myHkTtax EBpomeiickoro Ceepa Poccuu: B moazoHax ceBepHOU
(Mypmanckass obmactb, 67°51°c.mn.), cpeaHelr (ApxaHreibckass oOmacTb, 62°54° c.u. u
Pecniy6nmuka Komm, 61°41°c.mi.) u 1oxuoit (Bomorojackast obmacte, 59° 15°c.am.) Taiiru B
npenenax ot 32° 517 no 51° 317 B.a1. Ognaxo k 30-1eTHEMY BO3pacTy KyJlbTYyp TFOMEHCKasi COCHA
COXpaHWJIACh JIMIIb B MYHKTaX HCHBITAHUS CPEIHEH M I0KHOW MOA30H Talru (MPHKUBAEMOCTh
cypryrckoro noromctsa 35-60 %, 3aBogoykoBckoro — 4-51 %). Ha Kpaiinem CeBepe rubenn
MIOTOMCTBA CBSI3aHa C BBIXOJIOM M3-110J] CHETOBOT'O ITOKPOBA B KOHIIE MIEPBOT0 Kjlacca BO3pacTa.

CypryTckasi IpOBEHUEHIIUS COCHbI OOBIKHOBEHHOW IMOKa3ajla BBICOKYIO MPHKUBAEMOCTb
U YCIIEUIHBINA POCT, IO CPABHEHUIO C JPYTMMH CUOMPCKUMH IKOTUIIAMHU, OTINYAIACch OT OJIM3KUX
[0 MPOMCXOKICHUIO TOTOMCTB 10 BCTYIUIEHHUIO B PENPOAYKIUIO, HAYaB FeHEpaTUBHYIO (a3y ¢
00pa3zoBaHusi MAKpPOCTPOOMIIOB (TaK)Ke KaK MECTHBIC U OJIM3KHE K HUM TTPOUCXOKICHHUSI ), PEAKUE
MHUKPOCTPOOMIIBI MOSBWIMCH HA 5-7 neT mo3xe. Torna kak psji CHOMPCKUX TMOTOMCTB COCHBI
(ToMCKas, SIKyTCKas, CBEpAJIOBCKHE) Hayadl BCTYIJICHHME B PENpPOAYKLHIO C 00pa30BaHUA
MHUKPOCTPOOMIIOB, aHAJOTMYHO FOYKHBIM M FOT0-3aI1aJHBIM, 10 CPAaBHEHHUIO C MECTOM UCIBITaHMS,
kuMaTunaMm. B reorpaduueckux KynbTypax 10HOW moja30HbI Taiiru (Bosoroackas o6nacts)
TIOMEHCKasi COCHBI BCTYIIIJIa B CEMEHOILIEHHE B 6-JIeTHEM OMOJIOTHYECKOM BO3pacTe, B CpeaHEH
MOJ30HE — Ha 4 roja Mmo3e, OJHOBPEMEHHO C MECTHOU COCHOM. [I0TOMCTBO TIOMEHCKOM packl
COCHBI C MEPBBIX JIET PENPOIYKIUU OTIMYAIOCh 0oJiee BHICOKMM KOJIUYECTBOM CEMEHOCSIINX
nepeBbeB, B 10-leTHUX KyapTypax Bojoroackoro myHKTa MCHBITaHUS B CTAIUIO PEHPOAYKLNU
BeTynuiio 6osnee 80% ocobei.

[Ipu HaOmoneHUSIX 0OpaTUiX Ha ceOsi BHUMAHWE OTJIMYUS TIOMEHCKOW TOMYJISIUUA OT
MECTHOM €BpOMEWCKOIl MO CTPYKType LBETOBBIX (OPM MHKpOCTpocTpoOuioB. B obenx
nonysanusx mpeodnamana (6onee 70%) >xenTombUTbHUKOBAs ¢GopMa CTPOOUIIOB, OJHAKO Y
cHOUpCKON COCHBI MX a0 Obuta Ha 9% MeHble. Pazmepsl (AMHA) KOJOCKOB y CHOMPCKOM
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COCHBl 3HAUUTEIBHO MPEBOCXOAWIM MecTHyl0 cocHy: 31,6-324 cm u 18,0-19,2 cm
COOTBETCTBEHHO, OJHAKO PA3JM4Usl MO YUCITY MBbUIbHUKOB Ha 1 CaHTUMETpP AJIUHBI CTEPIKHS
cTpoOmia ObUTH HE3HAUMTENbHBI (y apXaHrenbckou cocHsl 17,0-17,6 mT., y TIomMmeHckou 15,5-
18,1 mt.). Bo3MOXXHO, B ONpENEICeHHOW Mepe 3TO CBS3aHO C PA3IMUUSIMH B HACTYIUICHUH
deHomorndyeckux ¢a3 u MoTpeOHOCTH B UX oOecrneueHuu TeruioM. Da3bl MBUICHUS M [BETCHUS Y
CUOMPCKOIM COCHBI COBMAAAIM C MECTHON COCHOM, YTO TOBOPUT O BO3ZMO>KHOCTH MEPEONbLUICHUS,
HO BCE K€ y CHOMPCKOM COCHBI MPOJIOJKUTEIBHOCTH (ha3bl MBUICHUS B CpeHeM Obuta Ha 1 IeHb
Oosbinie, a cyMMa 3(hGEKTUBHBIX TEMITepaTyp, TpeOyromascs s npoxoxaeHus ¢asel — Ha 70 °C
MEHBIIIE, [T0 CPABHEHUIO C TOTOMCTBOM IIJIECELIKOI OTHOBO3PACTHOMN COCHBI.

B nepBbie ronpl penpoayKIMK TIOMEHCKash COCHa (OpMHUpOBaia MIUIIKA HOPMAaJIbHBIX
pazmepoB (mmmHa — 33,0-35,4 MM, mupuaa — 18,9-19,6 MM), 0THaKO BBIXOJ] MOJIHO3EPHHUCTHIX
ceMsaH Obur Hu3kuM (10-25 mT. W3 OJHOW IIUIIKH), YTO MOIVIO OBITH CBSI3aHO C
HEIOCTaTOYHOCThIO ombUIeHHsA. CemeHa (CKOpee BCEro, ONBUICHHBIE COCHOW OKpPY)KaIOIIUX
COCHSIKOB) B pasHbIe TOAbI penpoAykiuu umenu wmaccy 1000 mrT., paBHyro 5,3-6,5 T u
1a00paTOPHYI0 BCXOXKECThb 55-86%, YTO TOBOPUT O JOCTAaTOYHOCTH YCIOBUM MJisi MX
dhopMHUpOBaHHS.

Oco0eHHOCTH POCTa M PEIPOAYKIIUU TOTOMCTBA TFOMEHCKOW COCHBI IIPH BBIPAITUBAHUY B
reorpapuueckux Kynbrypax EBpomeiickoro CeBepa Poccun m0OKa3bpIBalOT yHUKAIBHYIO
TUTACTUYHOCTh JAHHOU Teorpaduieckoi packl, KOTopas TpeOyeT JOMOTHUTEIHFHOTO U3YICHHUS.

REPRODUCTIVE FEATURES OF TJUMEN RACE SCOTCH PINE PROVENANCE IN
EUROPEAN NORTH OF RUSSIA
Nakvasina E.N.
Northern (Arctic) Federal University named by M.V. Lomonosov, Russia;
nakvasina@yandex.ru

Offspring of Tyumen geographical race of Scots pine (Surgut, Zavodoukovsk
proveniences) entered the trial in provenance state network in 4 points of the European North of
Russia: northern subzones (Murmansk region, 67° 51' n.lt.), Medium (Arkhangelsk region, 62°
54" and the Komi Republic, 61° 41' n.It.) and southern (Vologda region, 59° 15' n.1t.) taiga in the
range of 32° 51" to 51° 31' el. However, by the age of 30 Tyumen pine cultures preserved only in
testing stations of middle and southern taiga subzone (survival rate of offspring Surgut 35-60%,
Zavodoukovsk — 4-51%). In the far north is associated with mortality of the offspring gets out of
the snow cover at the end of the first age class.

Surgut provenience of Scots pine showed high survival and successful growth, compared
to other Siberian ecotypes differed from similar origin progenies for accession to the
reproduction, starting with the formation of the generative phase makrostrobiles (as well as local
and close to them origin), appeared on the rare microstrobiles 5-7 years later. While a number of
Siberian pine progenies (Tomsk, Yakutsk, Sverdlovsk) started joining the reproduction with
education microstrobiles, similarly southern and south-west, as compared to the test site
climatypes. In provenance tests of southern taiga subzone (VVologda region) Tyumen pine seed-
entered the 6-year-old biological age, in the middle subzone — 4 years later, in conjunction with
local pine. Tyumen pine progeny race from the first years of reproduction has a higher number of
seed-trees, a 10-year-old cultures of the VVologda test item to the stage of reproduction took more
than 80% of the individuals.

In observations attracted the attention of the differences Tyumen population of local
European structurally color forms mikrostrobiles. In both populations predominated (70%)
yellow form of strobiles, but the Siberian pine their share was down 9%. Dimensions (length) of
the Siberian pine ears were significantly superior to the local pine: 31.6-32.4 cm and 18.0-19.2
cm, respectively, but the difference in the number of anthers 1 centimeter length of the rod
strobiles were insignificant (from Arkhangelsk pine 17.0-17.6 pc., in Tyumen pine 15.5-18.1
pc.). Perhaps, to some extent, this is due to differences in the occurrence of phenological phases
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and the need for them to provide heat. Dusting and flowering phase of the Siberian pine
coincided with local pine, suggesting the possibility of cross-pollination, but still in the Siberian
pine dusting phase duration was on average more than 1 day, and the sum of effective
temperatures required for passing phase - 70 ° C lower compared with the offspring of the same
age Plesetsk (local) pine.

In the early years of the reproduction Tyumen pine cones formed a normal size (length —
33.0-35.4 mm, width — 18.9-19.6 mm), but the yield of full of granular seeds was low (10 - 25
pcs. of one bumps), that could be due to lack of pollination. Seeds (likely pollinated surrounding
pine) in different years were reproductions weight of 1000 pcs. of 5.3 - 6.5 g and laboratory
germination of 55 - 86%, indicating that the sufficiency of the conditions for their formation.

Features of growth and reproduction of offspring Tyumen pines when grown in the
provenance of the European North of Russia show a unique plasticity of the geographical race,
which requires further study.

CEJIEKIIUS COCHBI KOPEHCKOM (PINUS KORAIENSIS SIEBOLDET ZUCC.) HA
CEMEHHYIO IIPOJJYKTUBHOCTH
Hukutenko E.A.
[[aJ'ILHeBOCTOIIHHﬁ Hay‘IHO-I/ICCJ'IeLLOBaTeJILCKI/Iﬁ HHCTHUTYT JICCHOTO XOSHﬁCTBa, POCCI/I}I;

deal808@mail.ru

Kenpoo-mupokonuctBeHHble jieca poccuiickoro JlansHero Boctoka — Hanbosee 1ieHHast
necHass ¢opmanmsa. Haumnas ¢ 60-x romoB XX Beka, B JlampHeBocrouHom HUM necHoro
XO035liCTBA  NMPOBOJWIMCH  HCCJIENOBAaHUS CEMEHHOM  IPOAYKTUBHOCTH  €CTECTBEHHBIX
KEJPOBHHMKOB, pa3padaThIBAINCh KPUTEPUU OTOOPA IJIOCOBBIX JEPEBHEB, ONTUMAIIbHBIE METObI
BEr€TaTUBHOI'O PAa3MHOXKEHHUS, 3aKJIa/IbIBAIMNCh M U3YYAJIUCh JECOCEMEHHbIE IJIAaHTAllUU COCHbI
Kopeiickoii (keapa kopetickoro) — Pinu skoraiensis Siebold et Zucc.

N3yueHne ceMeHHOM NPOAYKTHMBHOCTH IPOBOJMIIOCH HA IIPUBHBOYHOM JIECOCEMEHHOU
TUTAHTALlMH, 3aJI0’KeHHON B XexiupckoM onbITHOM Jecxose JansHUNIIX (celiuac Xexmupckoe
necHu4YecTBO XabapoBckoro kpasi) ¢ MomeHta 3akiaakd (1989-1990 rr.) mo 2014 ron.
[Tp¥BHBKM BBINOJHSUIUCH Ha 3-4-TETHHE Ca)XEHLbI COCHBI KOPEWCKOH C 3aKphITOM KOpHEBOU
cucteMoil. B noknazne npeacraBiieHbl pe3yabTaThl HHAUBUAYAIbHON U KIOHOBOW M3MEHUYUBOCTH
nokasaressl KOJMYECTBa MAaKpOCTPOOWJIOB M INMIIEK HAa MPUBMUTHIX JAEPEBBIX, PACCMOTPEHBI
(akTopbl, BIUAIONINE HA UX CEMEHHYIO IIPOAYKTUBHOCTD.

Kak oTMeuaroT MHOTHE UCCIIEI0BATENN CEMEHOILIEHUS XBOMHBIX, U1 TIOKa3aTelel Jucia
TFeHEpaTUBHBIX OPraHOB Ha OJHOM JIEPEBE XapaKTEPEH OUYEHb BBICOKUN YPOBEHb U3MEHUMBOCTH.
B ecrectBeHHBIX KeapoBHHKax [laneHero Bocroka koa(@uuueHT Bapualyy 4ucia MIMIIEK Ha
JepeBe 3a ouH roa coctasisier 61-79 % (CenuykoBa, 1967). Ha npuBuBKax xeapa cuOMpCKOro
B apeajie MPOU3PACTaHUsI BHYTPUKIOHOBBIM ko3¢ ¢uimenT Bapuanuu gocturaetr 92 % (Turos,
2004). Kosddunuent Bapuanuu uucia MaKpOCTPOOMIOB M IIUIIEK HA OJHOBO3PACTHBIX
IIPUBUBKAX Ke€Apa KOPEHCKOro 3a OJMH TOJ B YCIOBHSAX JIECOCEMEHHOHM IUIAHTAllMM HMHOTIA
npesbiiaer 100 %. Ilostomy st orGopa Hambosee ypokallHBIX JEpeBbEB ObLT BBEIEH
[OKa3aTelnb  OTHOCUTENBHOM  cymMMapHod  cemeHHoM  mpoayktuBHoct  (IIOCCII),
NPEJICTAaBIISIIOIIMIM YacTHOE CYMMBI HIMIIEK M MaKpOCTpOOWJIOB Ha JEepeBe 3a HECKOJIbKO
YUYETHBIX JIET HA CPEAHIOI0 CYMMAapHYIO YPOXKaiHOCTh BCEX MPUBUBOK 3a ATH JKE TOJIBI.

N3 18 kJI0HOB HOPMAJIBHO JYYIIUX JIEPEBHEB XOPCKOW MOMyNIAnuyu XabapoBCKOTo Kpas,
B rpymnmy 25 Haubosnee ypoxaitubix nepebeB (IIOCCII = 2.6-1.5) nonanu npeacTaBUTEIN Tpex
KJIOHOB 3aroToBku 1988 roga. 3t MmaTouHbIe AepeBhsi ObUIH CpyOJIeHBI B Bo3pacTe 165-195 ner
Y OTIMYAIUCh CPABHUTEIBHO HEBBICOKMMH TEMIIAMU POCTa (CPEOHMI €KErOJHBI NMPUPOCT B
BbicoTy 0.12-0.15 M, nmo auamerpy 0.24-0.30 cm). IIpuBuBKM MaTO4HBIX JepeBbeB 235-280 ner
UMEIU HU3KYIO IPUKUBAEMOCTb, M, HEMHOTOYHMCIICHHO BBICAKEHHBIE Ha TUIAHTALINIO, TTOTHOJIH.

Havano maccoBoro o6pa3oBaHus MakpOCTPOOMJIOB U HIMIIEK (TPEThsl 4acTh MPUBHUBOK)
OTMEUEHO uepe3 6 JIeT Mocie MPUBUBKM C MAKCUMAJIbHBIM YHCIOM § HIMIIEK (CpenHui
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nokasarenb 4.0 mT. Ha OJHO JepeBO C muMIIKamu). V3 NpUBHUBOK C YpPO’KAaWHOCTHIO BBILIE
cpeaneit (IIOCCII>1) mmmku yxe Ttorga nganu 47 % NpUBUBOK, B TO BpeMsl Kak U3
HU3KOYPOXKaWHBIX — U 24 %. Y maTOi YacTu NMPUBUBOK 0€3 MIMIIEK OTMEUEHO 3ariylieHHue
OpUBOS NOJBOEM. Y 12-71€THUX NPUBUBOK MAKCHMAJbHBIM MOKa3zaTenn MakpocTpoOminoB — 50,
muiek — 14, npu cpenHelt ypokaiiHOCTH cooTBeTCTBEHHO 10.4 1 4.7 1IT. HA OHO CEMEHOCSALIEE
JIepeBo; 10 CyMMapHOH YpO)KalHOCTH 3TH J€peBbs HE MOMNAIU B JHMAUPYIOUIYIO TIpYIIy.
HaubGonee ypoxaiiHble TpUBUBKM HUMEIOT K 3TOMY MOMEHTY HECKOJIBKO BepiiuH. Yepes 17 ner
MOCJIe MPUBUBKA MAaKCUMyM IIUIIEK 55, MakpocTpoOus — 116. Jlyummue nepeBbsi 10T ypokan
HE TOJIbKO Ha BEPIIMHE, HO U 10 BCEH KPOHE, PEryJIIpHO MOABEPrasich IPU ITOM MEXAHUYECKUM
HOBPEXICHUSIM.

Kosh¢uument nacnegyemocts H? 11si HH3KOYPOXKaifHBIX KIOHOB H3MeHsiercst ot 0,56 110
0,89, m1s1 BEICOKOYPOKAMHBIX KJIOHOB paBeH 0, T.e. 04EHb BBICOKAs CEMEHHAsI MPOJTYKTUBHOCTD
PUBUBOK IOJIHOCTHIO 00YCIOBIEHA BHEIIHIME (akTopamu’. Jlis yBETHUEHHS BBIXOA CEMSH C
IPUBUTBHIX JIECOCEMEHHBIX IUIAHTAlMAd COCHBI KOPEHCKOW MepCleKTHBHA ONTHUMHU3ALUSA
TEXHOJIOTU TMPHBHBOK M YXO0Ja, CIIOCOOCTBYIOIIMX (DOPMUPOBAHHIO KPOHBI TOJBKO 3a CYET
IPUBOS U CEMEHOILEHUIO 110 BCEM SIpyCaM KpPOHBI.

PINUS KORAIENSIS BREEDING FOR SEED PRODUCTIVITY
Nikitenko E.A.
Far East Forestry Research Institute, Russia; deal808@mail.ru

A Korean pine broadleaf forest of Russian Far East is one of the most valuable
formations. Since 60-s years of XX century, investigations in seed productivity of natural Korean
pine broadleaf forest have carried out, the criterions of the best (plus) tree selection and the
optimal methods of vegetative reproduction have worked out in Far East Forestry Research
Institute. Forest seed plantations of Korean pine (Pinus koraiensis Siebold et Zucc.) were created
and begun to study.

The seed productivity assessment have implemented in forest seed plantation in
Khekhtsir experimental forest enterprise of Far East Forestry Reseat Institute (now -
Khekhtsirsky Forestry) since making of a plantation (1989-1990) to 2014. Grafting have been
making on 3-4 years old containerized planting stock. In this report the results of individual and
clone variability the number of macrostrobiles and cones on the grafting trees are presented,
factors on seed productivity influencing are considered.

As many researchers of coniferous species note, high level of variability is typical for
generative characteristics of individual tree. In natural Korean pine forests coefficient of
variation of the number of cones from one tree during the year is 61-79 % (Senchukova, 1967).
On grafting Siberian pines within natural areal the intraclonal coefficient of variation reaches 92
% (Titov, 2004). The coefficient of variation of the number of macrostrobiles and cones on even-
aged Korean pine grafts sometimes exceeds 100 %. That's why Rate of Relative Total Seed
Productivity (RRTSP) has introduced for the most productive trees selection. It corresponds a
ratio of sum of macrostrobiles and cones from one tree during some years to average sum
productivity of all grafts during the same years.

From 18 clones of normal-to-best trees of Khor population in Khabarovsk region, only 3 ones
1988-harvested appear within the group the most productivity trees (RRTSP = 2.6-1.5). These
maternal trees were fallen at the age of 165-195 and characterized by not high grow (the average
annual height growth 0.12-0.15 m, the same diameter - 0.24-0.30 cm). The grafts of maternal trees at
the age of 235-280 had a low establishment. They planted in a small number have lost.

The beginning of large (one third of grafts) macrostrobiles and cones formation was
observed in six years after graft with maximum 8 cones (the average — 4.0 per each tree with
cones). By that time cones were given 47 % above the average productive grafts (RRTSP >1),
but only 24 % low productive grafts. One fifth of grafts were oppressed with stocks. At the age

1
ITo MHEHHIO PeAaKTOPOB COOpPHUKA TAHHOE 3aKIIOYEHHE He KOPPEKTHO
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of 12 maximum of the macrostrobiles was 50, cones — 14, the average, respectively - 10.4 u 4.7
ones per each bearing tree; but these trees were not found within leading group under the sum
productivity. The most productive grafts have several tops to this time. Over 17 years after graft
maximum number of the macrostrobiles was 116, cones — 55. The best trees have given yield not
only on the top, but all over the crown, be regularly strongly damage mechanically.

Heritability coefficient H? varies from 0.56 to 0.89 for low productive clones and equal
zero for high-productive clones; thus extra-high productivity is fully stipulated by the external
factors. To increase the seed production of Korean pine graft plantation, it is perspective to
optimize graft and care techniques, promote the crown formation at the expense of the graft only
and total crown bearing.

AHAJIU3 TEOI'PAOUYECKHUX KYJbTYP COCHBI OBBIKHOBEHHO! B
3AITAJITHOM 3ABAUKAJIBE C HEJIBIO YTOUHEHUSI TIECOCEMEHHOI'O
PAHOHUPOBAHUSA
Hosuxosa T.H.

Wucrutyt neca um. B.H. CykaueBa CO PAH, Kpacuosipck, Poccus; nota@ksc.krasn.ru

JlecocemeHHOE pallOHMPOBAHME SBJISAETCS OJHUM M3 OCHOBHBIX DPE3€PBOB IOBBILIECHHUS
IPOAYKTUBHOCTH U YCTONYMBOCTHU KYJIbTYP COCHBbI OOBIKHOBEHHOM. ['eorpaduueckue KyabTypsl
MOTYT BBIIOJHATh POJb SKCHEPUMEHTAIBHOIO OOBEKTa JUIsI YTOUYHEHHs U JIOMOJHEHUS
JIECOCEMEHHOTO PaliOHUPOBAHUS COCHBI OOBIKHOBEHHOM.

I'eorpaduueckre KyJIbTypbl COCHbl OOBIKHOBEHHOH B 3amagHoMm 3alalikanbe
(pecniyonuka BypsAtusi) SBIAIOTCS YacThiO OOIIMPHOTO HSKCIEPUMEHTA IO CO3JAaHHUIO0 CETH
reorpaMuecKux KyJIbTyp OCHOBHBIX JIeCOOOpa3yrolx BUAOB Ha Teppuropun Poccun u crpan
osiBIIETO CCCP.

I'eorpaduueckue KyapTypbl coCHbI B bypsaTuu 6butn cozpansl B 1979 rogy MuctutyTom
neca um. B.H. Cykauesa B necoctenu (51°50' c.m.; 110° B.1.). B reorpaduueckux KynbTypax
M3Y4aJIUCh NOTOMCTBA 57 KIMMATHUIIOB, NPEACTABISAIONINX 3HAYUTEIbHYIO YacTh apeaja COCHBI
OOBIKHOBEHHOH, B TOM umciie 24 — u3 eBporelickoit yactu Poccun, 29 — u3 paitonoB Cubupwu, 1 —
n3 Kazaxcrana u 3 — u3 paiionos JlansHero Bocroxa.

[Ipennoxxenus sl yTOYHEHMs JecoceMeHHoro paioHupoBaHus (1982) chopmupoBansl
Ha OCHOBAHMM AaHAJIW3a pE3yJIbTaTOB MHOTOJIETHHUX HCCIIEJOBaHWM BBDKMBAEMOCTH M POCTa
MOTOMCTB KJIUMaTUIIOB COCHBI. YCTaHOBJEHO, 4TO s mnpeanpustuii CeneHrnHCKOro
JIECOCEMEHHOI0 paiioHa, MOCTaBIIMKAMHU CEMSH MOTYT OBITh HE TOJBKO HPEANPHUATHS IOra
Bypstun u rwro-zamana Yutunckor obmactu (Jlecocemennoe paiionupoBanue, 1982), Ho u
BocToka bypstuu (bapry3uHckuii necxo3), U BocToka UurtuHckod obmactu (HepuuHckuii u
UutuHckMil necxo3bl). B cxeme JecoceMeHHOro palOHMPOBAHMSI OTH MPEANPUATHS
MNPEACTABIAIOT COOTBETCTBEHHO MHrommuckuit u  IIMIKMHCKHMNA IOAPAaliOHBI B COCTaBe
[unkuHCKOrO JecoceMeHHoro paiiona u bapry3sunckuii noapaiion B coctase IIpubaiikaibckoro
JecoceMeHHoro paioHa. Takum o0pa3oM, He TOJIBKO IOXKHBIE W IOrO-BOCTOYHBIE, HO H
HE3HAYNUTEJIbHO YAAJICHHBIE B CEBEPO-BOCTOYHOM M BOCTOYHOM HANPABICHWH KIMMATHIIBI
JEMOHCTPUPYIOT B YCJIOBMSX 3KCHEPUMEHTA XOPOILIYI0 YCTOMYMBOCTh U YAOBJIETBOPUTEIbHBIN
pocT. OToT (pakT ObUT OCHOBAHUEM IS PACIIMPEHHS Yncia MPEANPUATUI — MOCTABIIUKOB CEMSH
Juist CeJIEHrMHCKOrO JIECOCEMEHHOrO pailoHa. IlepCcneKTHBHBIMM MO POCTY M COXPAaHHOCTHU
ABIIAIOTCS TaKkkKe TMOoToMcTBa mnonynsuui u3 OxaHckoro jecxo3a [lepmckoit obmactu u
TocHeHckoro necxo3a JlenuHrpaackoit oomactu. OHAKO A7 3TUX MOTOMCTB (OMOJIOTHYECKUNA
BOo3pacT 24 roja) HEOOXOOMMBI JaibHEMIINE HCCIENOBaHUS B CBSI3M CO 3HAUUTEIbHBIMU
PasNIUYMsIMUA TPUPOAHBIX YCIOBUH MEXIy pailOHOM BBIpALIMBaHUS TeorpapuuecKux KyabTyp U
palioHaMu TPOM3pACTaHUsl MATEPUHCKUX NOMYJSAUHWHA. BBIABIEHBI Jydlmue IO CTBOJOBOM
IIPOAYKTUBHOCTH KJIMMAaTHIIBI.

be3yciioBHO, mccnenoBaHusl MOTOMCTB COCHBI Ha MOCHEAYIOIIMX BO3PACTHBIX AdTaIax
BHECYT KOPPEKTUBBI B IPEJIOKEHHBIE COOOILICHHS.
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ANALYSIS OF SCOTS PINE PROVENANCES TRIAL IN THE WEST ZABAIKALIE
WITH A VIEW TO SPECIFICATION OF FOREST SEED SOURCES
REGIONALIZATION
Novikova T.N.

V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences, Russia;
nota@ksc.krasn.ru

Forest seed sources regionalization is one of main reserves of raising productivity and
stability of Scots pine culture. Provenances trials are able to realize role of experimental objects
for the specification and addition of Scots pine forest seed sources regionalization. Provenances
trial of Scots pine in the West Zabaikalie (Republic Buryatia) is the part of wide experiment
according to the establishing of the net of provenances trials of main forest forming species in
territory of Russia and countries of former USSR.

The provenances trial of Scots pine in the Buryatia were established in the 1979 by V.N.
Sukachev Institute of Forest in the forest-steppe (in latitude 51°50” North, longitude 110° East).
In the provenances trial are studied of progenies 57 climatypes representatived of great part of
areas Scots including 26 — from European part of Russia, 27 — from Siberian regions, 1 — from
Kazakhstan and 3 — from Far East. Offers for the specification of the of the forest seed sources
regionalization (1982) are formed on base of the analysis results of long-term investigation of
survival and growth progenies of climatypes Scots pine.

It is established that not only enterprises from south of Buryatia and south-west of the
Chita region are able supplier for enterprises of Selenginski forest seed region (Forest seed
sources regionalization, 1982), but also from east of Chita region and east of Buryatia region.
These enterprises present on the scheme of forest seed sources regionalization according
Ingodinski and Shilkinski subregions in the structure of Shilkinski forest seed region and
Barguzinski subregion in the Pribaikalski forest seed region.

In that way, not only south and south-east climatypes demonstrate in the conditions of
experiment good stability and satisfactory growth, but a little move off in the north-east and east
directions climatypes. This fact was in the basis for extension of number enterprises - suppliers
of seeds for Selenginski forest seed region. The progenies of populations from Okhanski forestry
(Perm’ region) and Tosnenski forestry (Leningradski region) are perspective on growth and
survival. However further investigations of these progenies (biological age is 24 years) are
necessary in connection with great differences of natural conditions between the region of
growing provenances trial and the regions of growing maternal populations.

Climatypes with the best stem productivity are revealed. There is no doubt investigations
of Scots pine progenies on following age stages will be amend in the proposedreport.

OIBIT MOJYUYEHUS YIYYIIEHHBIX CEMSIH B HOBOCUBUPCKOM OBJIACTH
Hockos B.U., Kynakos B.E., FOnnnues A.H.
OAO "bepackuii necxo3" (bepack), Poccust

[TonydyeHue ymydlIeHHBIX CEMSIH XBOWHBIX mopoJd B HoBocuOupckoii oOmactu
OCYIIECTBIIsIeTCs Ha 6a3e oTKphITOrO aknuoHepHoro oodmectBa (OAO) «bepackmii necxo3». On
CO3/1aH Ha TEPPUTOPHUH CEIEKIIMOHHO-CEMEHOBOIYECKOTO JIECX03a, CIEIHATH3UPYIOIIErocs: Ha
CO3JIaHUM MOCTOSIHHOM JIECOCEMEHHOU 0a3bl Ha reHETHKO-ceneKnoHHoi ocHoBe. C 1973 roma
OH OBLT AIKCIEPUMEHTAJIbHBIM TMOJpa3eicHreM LleHTparbHOr0 HAyYHO-HCCIIEN0BATENHCKOTO
UHCTUTYTa JlecHo! reHeTuku u cenexun — [IHUWJIT uC (teneps BUNJIT'Cub).

C mnagala 90-X TOOOB HAy4YHOE CONPOBOXKIACHUE W CHELUAIbHBIE CTPYKTYPHBIE
MIPOM3BOJICTBEHHBIC MOAPA3/ICICHHS, 3aHUMAIONINECS CENEKIIMOHHBIM CEMEHOBOACTBOM, OBLIU
JTUKBUIUPOBaHKI U (enepanpbHoe PuHAHCHpOoBaHHE HA oxpaHy U yxon 3a CCJIO mpakTuuecku
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npekpatuiock. C tex mop OAO «bepackuii gecxo3» Bce paboThl 1O pa3BUTHIO CEIECKIITMOHHOTO
CEMEHOBOJICTBA BBIMIOJIHSET 33 CYET COOCTBEHHBIX CPEJICTB.

Jlons ynmydIIeHHBIX CEeMSH B Hamed cTpaHe B oOmeM cOope cemeHHoro (oHma
MEJIKOXBOMHBIX Mopoj cocTaBiisieT 3%. B crpanax EBpombl gaHHBIN MOKa3aTelb COCTABIISET, B
cpennem, 20%. B HoBocuOGupckoit obmacty 10yisl yJAYYIIEHHBIX CEMSH B IOCJIECIHUE TOMIBI
3annmaet 6onee 30% (Tabmuia).

Ta6muna. Cobpano cemsiH B HoBocubupckoit obmactu B 2009-2014 r.r.

CobpaHo ceMsiH, KT

T'on Bcero B ToM 4ncie MEITKOXBOMHBIX. Kenpa

Becero | Ynyumennsix. | %% | Bcero | Yayumennsix | %%
2009 | 21355 335.5 115 34 1800 600 33
2010 | 1976.8 406.8 148 36 1570 620 39
2011 | 5135.1 825.1 300 36 4310 720 17
2012 1863.5 463.5 210 45 1400 0 0
2013 | 1220.8 220.8 80 50 1000 0 0
2014 | 3453.2 253.2 202 80 3200 950 30
Bceero | 15784.9 | 2504.9 1055 42 13280 2890 22

3necy BrepBbie B CuOMpU MPOEKTUPYETCS JIECOCEMEHHas IUIAHTalUs IMOBBIIICHHON
TeHETUYECKOM 1IEHHOCTH KeJlpa CUOMPCKOTro Ha 06a3e UCTIBITATEIbHBIX KYIbTYP, 3AI0KEHHBIX Ha
MOBBIIICHUE TPOJYKTUBHOCTH JIpeBECHHBI. JIecXo3 MpoJoiKaeT HapaluBaTh OO0BEMbI
MOJTYYEHUST YIYUIICHHBIX CEMsIH MyTeM MPOCKTHUPOBAHMS U CO3/IaHUS HOBBIX CEJIEKIIMOHHO-
CEMEHOBOUECKUX OOBEKTOB.

EXPERIENCE OF OBTAINING OF IMPROVED SEEDS IN NOVOSIBIRSK REGION
Noskov V.1., Kulakov V.Ye., Yudintsev A.N.

The obtaining of improved seeds of conifers is carried out in |[Novosibirsk Region on the
basis of publicly traded corporation “Berdsk forest farm”. It was founded at the territory of
selection and seed-growing farm. Since 1973 this farm is specialized on establishment of
permanent seminal genetic and selective base and is as an experimental subdivision of research
institute of forest genetics and selection.

From the beginning of the 90-ties scientific support and special structural subdivisions
which deal with selection seed-growing were liquidated and federal financing of guarding and
maintenance of selection seed-growing objects practically ceased. Since then forest farm
performs at the expense of own means all the works on development of selection seed-growing.

The part of improved seeds accounts in our country for 3 per cent of total yield of seed
fund of conifers with small seeds. In European countries this index averages 20 per cent. The
part of improved seeds accounts for more than 30 per cent in recent years in Novosibirsk Region
(Table).

Here for the first time in Siberia seed plantation of Siberian stone pine of increased
genetic value is being projected on the basis of test cultures grown for productivity and quality of
wood. The amounts of improved seeds continue increasing thanks to projecting and establishing
new selection seed-growing objects.
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Seed material of conifers harvested in 2009-2014

Harvested seeds, kg
Year Total Including conifers with small Siberian stone pine
seeds

total improved %% total improved | %%
2009 21355 335.5 115 34 1800 600 33
2010 1976.8 406.8 148 36 1570 620 39
2011 5135.1 825.1 300 36 4310 720 17
2012 1863.5 463.5 210 45 1400 0 0
2013 1220.8 220.8 80 50 1000 0 0
2014 3453.2 253.2 202 80 3200 950 30
Total | 157846.9 2504.9 1055 42 13280 2890 22

CE30OHHOE COAEPKXAHMUE )KUPHBIX KUCJIOT JIMITUJAOB Y IPEBECHbIX
PACTEHUI AKYTUU
Hoxcopos B.B., dynapesa JLB., Yenanos B.A.%, Ilepk AAS ITerpos K.A.?
'®rAOY BIIO «CeBepo-Bocrounslii ¢penepanbubiii ynuepcutetr uM. M.K. AMMocoBay,
Poccus
2OI'BYH Cubupckuit uHCTUTYT dusnonoruu u 6noxumun pactennit CO PAH, Poccus
3®I'BYH HuctuTyT 6Homornyeckux mpodiem kpromnrosonsi CO PAH, Poccus; kap@bk.ru

Kimmar  SIkyrmu, NOJHOCTBIO pACIOIIOKEHHOM B Ipelenax paclpOCTPAHECHMS
MHOTOJIETHEHl Mep3710Thl (KpPUOJUTO30HA), XapaKTepU3yeTCsl MaKCUMAJIbHBIMU CE30HHBIMU
aMIUIUTYylaMd  TeMIepaTyp, HE BCTPEYAIOIIMMHCI HHU B OJHOM JpPYyrol TOUKE MHpa.
VHHKaIbHBIM SIBJISIETCSl CYILIECTBOBAHME B TAKUX YCJIOBHUSX APEBECHBIX (POPM pacTeHU C HUX
CIIOCOOHOCTBIO MEPEHOCUTHh 3UMOM CaMbIil JKeCTKUH HU3KoTeMneparypHblil crpecc. [locnennuit
BBICTYTIAET KaK IJIaBHbIN (akTop oTOOpa MpH afanTtalii MECTHBIX BUIOB.

Jlns  npeBecHBIX pacTeHUM SIKyTMHM, BBDKMBAHME MPH OKCTPEMAIBHO HU3KHX
Temreparypax oOyCJOBJIEHO, B TOM YHCIE, MOJJIEPKAHUEM ONTUMAIBbHOW (U3UOIOrHMYECKON
AKTUBHOCTH KJIETOYHBIX MeMOpaH, 4TO 3aBUCHUT OT OCOOEHHOCTEM HX >KUPHOKHCIOTHOIO
coctaBa. VIMeIOTCS JaHHBIE O CHOCOOHOCTH TE€HETHMYECKHM MOAM(PUIMPOBAHHBIX OPTraHU3MOB
(MyTaHTOB 1O TeHaM JecaTypas) Jydille aJanTHpOBaThCs K TemrmeparypHomy crpeccy (Jlocs,
2014). B cBs3u ¢ 3TUM, 0COOBIM HHTEPEC MOXKET MPEJICTABIATh U3YUEHHE CE30HHBIX U3MEHEHUM
Ka4eCTBEHHOT'O M KOJIMYECTBEHHOTO cocTaBa obmmux aunuaoB U ux KK B xBoe Pinus sylvestris
L. u Picea obovate Lebed. — OCHOBHBIX BEYHO3ENEHBIX XBOHHBIX IOPOJ B YCIOBHSX
KPUOJIUTO30HBI.

JIByXJIETHIOIO XBOIO COCHBI U enu cobupanu jeroMm (23.08), ocensto (15.09) u 3umoit
(10.12) 2010 r. y cpeaHEBO3pacTHBIX JCPEBHEB, MPOU3PACTAIONIMX HA JIECHBIX Y4YacTKax,
npuieraromux kK borannueckom cany UBIIK CO PAH. DkcTpakuuio aunuaoB MpOBOAWIN 10
moauduimpoBannomy Metoxy Smolenska et al. (1977). AHanu3 MONyYEeHHBIX METHIIOBBIX
apupoB KK mnpoBoamim METOAOM Ta30KMIKOCTHOM Xpomarorpaguu ¢ HCHOJIb30BAHUEM
XpomMaTo-Macc-crekrpomerpa 5973/6890N MSD/DS (Agilent Technology, USA).

Bcero B wum3yueHHbIx oOpasunax cocHbel Obuto BeigBIeHO 21 KK, enmn — 23 XK.
KauectBennsiii coctaB JKK cymecTBeHHO BapbHpoOBaj IO ce30HaM. Ecii JE€TOM M OCEHBIO Y
ob6oux BumgoB uaeHtudumupoBanu 10-12 KK, to 3umoit — okomno 20 XKK. Bo Bce ce3onsl
ocHoBHbIMH HachkileHHBIMU KK sBrsimics C12:0 (maypunoBas); C14:0 (mupuctunosasi); C16:0
(mampMuTHHOBAs) KUCHOTHL, HeHachlleHHbiMH KK — C18:2 (;nuHoneBas) u  Cl18:3
(;uHONeHoBast) KucinoThl. Ce3oHHass auHaMuka konudecTBa JKK mokas3bIBaeT BbIpaKEHHYIO
TEHJCHIIMIO YBEJINYEHHUS UX aOCOJIIOTHOTO COZepX aHHs OT jJieTa K 3uMe. Tak, B Aexabpe B XBoe
COCHBI, TI0 cpaBHeHHIO ¢ aBryctoMm (10.3 mr/ cyx. maccor), cymma JKK Obu10 BhIIIe OYTH B 1.6
pasa, a B xBoe enu (7.5 mr/r cyx. maccel) — B 1.2 paza. [Ipuyem, MakCUMaIbHOE KOJUYECTBO
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HeHacblnleHHbIX JKK Taxke oTMedanoch 3uMoi. OTHOCUTENBHOE COAEPKAHUE CYMMbI OCHOBHBIX
HachleHHbIX JKK y cOCHBI Takke 3HaUUTEIBbHO BapbUpOBaJIA 1O c€30HaM OT 36.6% no 52.7%, a
HeHachimeHHbIX KK — ot 29.8% no 47.9%, y enu »Tu u3MeHEHHs] ObUIM HE CTOJb CHUJIBHO
BbIpaxeHbl — oT 39.5% 1o 41.3% u ot 35.0% 10 41.1% coorBercTBeHHO. [IMK OTHOCHUTEIBLHOTO
conepkaHusi HeHacelieHHBIX JKK mpuxonwics Ha OCEeHHHME MecCAllbl, YMEHbBIIASCh B 3UMHUIL
nepuo. OcCOOEHHOCTBIO JKUPHOKUCIOTHOTO COCTaBa 3UMHHUX PACTEHUH TakkKe SBISUIOCH
nosBieHHe Oonbmoro yucia yHukaiabHbIX KK, Hampumep, metunupoBanHbix (Me C14:0 u
C16:0), wmzo-kucmor (i-C18:1), XK wnewernoro psma (C15:0, C17:0, C19:0, C23:0) u
qHHonenouyeuHbix JKK (C>22). Ilpennonaraercs, 4To BbISBICHHbBIE BBILIE 3aKOHOMEPHOCTH,
MpUCYIIKE 3UMYIOLIUM OpraHaM (XBO€) BEUHO3EJICHBIX pacTeHUI SIKyTHH: BICOKOE a0COMOTHOE
cogepxkanne cymmapHbeix KK, 0cOOeHHO UX HEHACBIIICHHBIX (OPM, BIHUSAIOUIMX Ha
CTaOUITM3alMIO0 KJIETOUYHBIX MEMOpaH, a Takke MHOrooOpasue yHukanbHbix JKK, moryt urpats
CYIIECTBEHHYIO POJIb B (POPMUPOBAHUH YHUKAIHHON KPUOPE3UCTEHTHOCTH JJTAaHHBIX BUIOB.

SEASONAL CONTENT OF LIPIDS FATTY ACIDS IN ARBOREAL PLANTS OF
YAKUTIA
Nokhsorov V.V.}, Dudareva L.V.%, Chepalov V.A.2, Perk A.A.%, Petrov K.A2
!A.K. Ammosov North-Eastern Federal University, Russia
?Institute of Plant Physiology and Biochemistry, Siberian Branch of Russian Academy of
Sciences, Russia
%Institute for Biological Problems of Cryolithozone, Siberian Branch of Russian Academy of
Sciences, Russia; kap@bk.ru

The climate of Yakutia situated within the area of permafrost (cryolithiczone) distribution
is characterized by maximum seasonal amplitudes of temperatures found nowhere else in the
world. Existence of arboreal plants capable to withstand the most rigorous winter low
temperature stress is unique under such conditions. This stress is a key factor of selection for
adaptation of local species.

Survival of arboreal plants in Yakutia under extremely low temperatures is, among other
things, accounted for by maintenance of optimal physiological activity of cell membranes, which
depends on their fatty acids composition. There are data on the ability of genetically modified
organisms (mutants by desaturases genes) to get better adapted to temperature stress (Los’,
2014). With this in view, on particular interest is the study of seasonal changes of qualitative and
quantitative composition of total lipids and their FA in the needles of Pinus sylvestris L. And
Picea obovata Lebed. As primary evergreen coniferous species in cryolithic zone.

Two years old needles of pine and fir-tree were collected in summer (23.08), autumn
(15.09) and winter (10.12) of 2010 from middle aged trees growing in forest zones adjacent of
the Botanical garden of IBPC, Siberian Branch of Russian Academy of Sciences. Lipids were
extracted as per the modified method by Smolenska et al (1977). The obtained FA methyl ethers
were analyzed by gas-liquid chromatography with chromate-mass-spectrometer 5973/6890N
MSD/DS (Agilent Technology, USA).

In the studied pine samples there were identified 21 FA, in fir-tree samples — 23 FA.
Qualitative composition of FA varied significantly from season to season. In summer and
autumn in both species 10-12 FA were found, in winter — about 20 FA. Throughout all the
seasons primary saturated FA were presented by C12:0 (lauric); C14:0 (myristic); C16:0
(palmitic) acids; unsaturated FA — C18:2 (linoleic) andC18:3 (linolenic) acids. Seasonal
dynamics of FA amount shows a well pronounced tendency towards increase in their absolute
content from summer to winter. Thus, in December pine needles had almost 1.6 times higher FA
content as compared to August (10.3 mg/g dry mass), fir tree needles (7.5 mg/g dry mass) —1.2
times higher. Maximum amount of unsaturated FA was registered in winter. Relative content of
the overall sum of primary saturated FA in pine also significantly varied throughout seasons
from 36.6% to 52.7%, that of unsaturated FA — from 29.8% to 47.9%, in fir tree these alterations
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were not as pronounced — from 39.5% to 41.3% and from 35.0% to 41.1% respectively. Relative
content of unsaturated FA peaked in autumn decreasing in winter. The peculiarity of fatty acid
composition of winter plants was the emergence of a large amount of unique FA, for instance,
methylated (MeC14:0 andC16:0), iso-acids (i-C18:1), FA of uneven row (C15:0, C17:0, C19:0,
C23:0) and long-chain FA (C>22). It is assumed that the above peculiarities characterizing
winter organs (needles) of Yakutia evergreen plants: high absolute content of overall FA,
particularly their unsaturated forms affecting stabilization of cell membranes, as well as diversity
of unique FA, might play a significant role in the formation of unique cryoresistance of these
species.

OCOBEHHOCTHU ECTECTBEHHOI'O U UCKYCCTBEHHOI'O
JJECOBOCCTAHOBJIEHUS B KEJAPOBO-IIIUPOKOJIMCTBEHHBIX JIECAX
IO KHOI'O TIPUMOPBSA
Opexosa T.II.
®BI'YH buonoro-nousennsiii uHCTUTYT JIBO PAH, Poccust; orekhova@ibss.dvo.ru

Jlec Moxer OBITb BO300OHOBISIEMBIM PECYPCOM TOJBKO IpPU €ro YCTOMYHMBOM
yIpaBIeHUUH HEUCTOIIMMOM IOJIb30BAHUHU, T.€. KOTJa MPU €ro KCIUTyaTallud HE MPOUCXOIUT
HapylleHWe ECTECTBEHHOro JecooOpa3oBaTenbHOro mporecca. B Ilpumopckom  kpae
WHTEHCUBHAS HKCIUTyaTalis EHHBIX KeIPOBO-IIMPOKOIMCTBEHHBIX JIECOB MPUBENA HE TOJIBKO K
COKpAIICHUIO UX TUIOMIAJEH, HO M 3HAYUTEIBHOW JIerpajlallui JIECHBIX 3KocucTeM. OCHOBHas

OpUYMHA TAaKOrO TIOJIOKEHUS — cjabas HM3y4eHHOCTh JIecooOpa3oBaTelbHOIO Ipolecca B
DKCIUTyaTallMOHHBIX JIECAX W IIOYTH II0JJHOE WIHOPUPOBAHHME JOTOTO Ipolecca Ipu
JIECOBOCCTAHOBUTENBHBIX paldoTax. 3amoBelHble TEPPUTOPUM — WHJCalbHbIE MOAEIH JUIs

U3Y4YEHHd XOJa JIecooOpa3oBaTEIbHOIO Ipollecca B CIOXKHBIX, MHOIOMOPOAHBIX U
pasHoBo3pacTHbIX Jecax FOxuoro I[Ipumopss. Jlaboparopueii necosenenus ®BI'YH BITN IBO
PAH c 2002 no 2012 rr. npoBoAKUIOCh U3y4EHHE MPOLECCOB CEMEHOILEHNUS, TUCCEMUHALIUN U
CEMEHHOT0 BO300HOBJIEHUS JPEBECHBIX TOPOJ B KEIPOBO-LIIMPOKOJIMCTBEHHBIX Jiecax
3alI0BEAHUKA «Y CCypUUCKUI».

HaOnronenuss 3a ceMEHOLIEHHEM JepeBbEB IO3BOJMIO YCTAaHOBUTh MEPUOJUYHOCTD
YpO’KaeB, a TaK)Ke OINpPEACTUTh TECHbIE CBSI3UM KauecTBa CEMsIH U YpPOKaHOCTHU JEpPEBHEB C
OTJENbHBIMU KJIMMAaTU4YECKMMM TIapaMeTpaMu cpeasl. Hampumep, BBISBIEHA IOCTOBEpHas
3aBUCHUMOCTh KauecTBa (OPMHUPYIOIIMXCS Ha JE€pPEeBbSX CEMSH M KOJUYECTBA BbIIABIIMX
roZIoBbIX ocaakoB. Ilocie oOmibHOro ypoxkas B Mocienyromue 2-3 roja HacTymnaid MepHoA
MOHW)KEHUE CEMEHHON MpOJYKTUBHOCTH, MIPU OSTOM KOJIMYECTBO IOSIBUBIIUXCS BCXOJIOB
Bo3pacTtano. OTpULATENBHOE BIMSHHE OKa3blBAIM JIETHUE 3aCyXH, BBI3BIBAIOIIME MACCOBYIO
rubenb OJHOJETHHUX BCXOJOB JpeBECHbIX mopoJ. Ha mpoOHBIX miomansx 3anoBeIHUKA
OTMEYEHO ci1aboe BO30OHOBJIEHHE OCHOBHBIX JIECOOOPA3yIOIIMX XBOWHBIX Mopoj. BeposTHo,
JaHHbIE JIECHbIE (DUTOIIEHO3b! BCTYMAIOT B JUIMTENBbHYIO CTaJAMI0 JOMHUHHUPOBAHUS JINCTBEHHBIX
npesecHbix nopon (mo b.II. KonechukoBy, 1956). B HapymeHHbIX ¢(uTOLIEHO3aX MHPOLIECCHI
BOCCTAHOBJIEHHSI OCHOBHOTO JIECOOOpa30oBaTeisi MOTYT OBITh PAcTSIHYThI Ha OoJiee JJTUTENbHbBIN
NIEPUOJ, & OTJEJIBbHBIE THUIIBI KEAPOBBIX JIECOB, KaK K€ YCTAHOBJIEHO, HE MOT'YT BOCCTaHOBUTBCS
0e3 BMeIIaTenbCTBa YEI0BEKa.

JlecoBoccTaHOBIEHUE B KEAPOBO-IIMPOKOIMCTBEHHBIX JIECaX C IIOMOINBIO TOCEBA U
MOCAJKU CaXXCHIIEB B TOJIOJOTOBbIE KYJIbTYPhl MPEANOJaraeT MPUMEHSATb 3Ty TEXHOJIOTHIO
CErOAHs TOJBKO JUI OIPAaHUYEHHBIX JIECHBIX Tepputopuil. B Ilpumopckom kpae s
PEKOHCTPYKIIMM HapyLIEHHBbIX JecoB 3a mnociaeanue 30-40 ner co3maBamy MOANOJIOTOBBIE
KYJIBTYpBl COCHBI KOpelckoil. K cokaneHuio, B TakMX HacaXIEHHUSIX HE NMPOBOAMINCH PYOKH
yX0/1a, TO3TOMY OHHM UMEIOT CErOHs HU3KYIO IPOU3BOJUTENBHOCTbD.

Taxum o6pa3om, B HacTosIIee BPeMs I BOCCTAHOBIIEHUS KeIPOBO-IIMPOKOIMCTBEHHBIX
necoB B [IpuMopckoM Kpae NEepCreKTHBHBIMU SBIISIOTCS: CO3/IaHHE CMEIIaHHBIX KEIPOBBIX
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HACaXKJIEHU! Ha CIUIONIHBIX BBIPYOKaX M Tapsx, a TakKe IMOCaJKa MOJIMOJIOTOBBIX JIECHBIX
KYJIBTYpP COCHBI KOPEHCKOMN, B KOTOPBIX HEOOXOAUMBI pEryisipHble pyOKH yXoza.

THE PECULIARITIES OF NATURAL AND MAN-MADE REFORESTATION IN
KOREAN PINE BROADLEAVED FORESTS OF SOUTH PRIMORYE
Orekhova T.P.

Institute of Biology and Soil Science, Far-East Division of Russian Academy of Sciences,
Vladivostok; orekhova@ibss. dvo.ru

The reforestation and conservation of the tree resources is possible under sustainable
management and rational use, when there is no breakdown between the natural forest forming
process and the forest exploitation. In Primorye Territory the intensive forest exploitation of the
valuable Korean pine (Pinus koraiensis) broad-leaved forests caused not only the reduction of
the area but resulted in a large degradation of the forest ecosystems. The main reason of this
situation consists in a poor investigation of the forest forming process in the exploited forests and
complete disregard of this process in the reforestation work.

The Reserve territories are the perfect forest models to study forest formation process in
the forests of different age and various types in the South Primorye. The scientists of the Forestry
Laboratory (IBSS FEB RAS) have studied the processes of seed formation, dissemination and
germinability of plantlet young seedling in the Korean pine broad-leaved forests in the
Ussuriyski Reserve.

The observations of the seed formation allowed to determine a periodicity for the tree
species and reveal the connections between the seed quality and seed crop with the climatic
characteristics of environment. For instance, the interdependence between the seed quality and
quantity of the annual precipitations has been found out. After the plentiful seed crop the
reduction of the seed productivity has been observed in the next 2-3 years, but a number of the
germinating seedlings increased.

The summer droughts have negative effect causing mass destruction of the annual
plantlet young seedling. At the sample plots of the Reserve a little regeneration of the basic
forest forming coniferous species has been observed. Perhaps, these forest phytocenoses are in
the long stage of the broadleaved species domination (by B.P. Kolesnikov, 1956).

In the impaired phytocenoses the processes of the restoration of the basic tree species can
last for a long time, and the stone pine forests of the certain types, as it has been established,
cannot restore without man's help.

It is supposed to regenerate Korean pine broadleaved forests with the help of sowing and
planting seedlings into the canopy layer on the limited forest areas. So in Primorye the Pinus
koraiensis young trees have been planted under canopy layer for the last 30-40 years for
conversion of the disturbed forests. Unfortunately, no cleaning cuttings have been done in theses
tree stands, so they have low productivity nowadays.

Thus, to create the mixed stone pine stands on the clearcut and post fire sites and planting
of Pinus koraiensis young trees followed by the regular cleaning thinning is the perspective
technology to regenerate the Korean pine broad leaved forests in Primorye Territory.

CEKBEHUPOBAHUE U CbOPKA TEHOMOB JIMCTBEHHHUIIbI CUBUPCKOU
(LARIX SIBIRICA LEDEB.) U COCHbI CUBUPCKOMU KEAPOBOU (PINUS SIBIRICA
DUTOUR) A HPE;IBAPI/ITE.JII)HI)IE JTAHHBIE AHAJIM3A TPAHCKPUIITOMA
OpemkoBa H.B.*" , H%Tmmesa IO.A.l, Ky3mun )I.A.l, Iapos B.B.l, BanKOB B.B.l,
Teita K.0.°, U6eA.AM°, naxunaE.A° KpyroBckuii K.B.13%°
1CH6I/IpCK1/H71 ®enepanbHblil YHUBepceuTeT, KpacHospck, Poccns
’Uncrurymnecanm. B.H. Cykauea CO PAH, Kpacuosipek, Pocens
3I/IHCTHT;T06meI71reHeTHKHHM. H.N. Basunosa PAH, Mocksa, Poccus
I'ertunrenckuit yuusepcurert, ['ertunresn, ['epmanus
*Texacckuit arpo-mexannueckuii yuusepcuret, Komnemx Creitmun, Texac, CIIA
S®umman Poceniickoro neHTpa 3anuThl Jeca «LlenTp 3ammrsl 1eca KpacHosipckoro kpasy»,
Kpacnosipck, Poccust
*e-mail: oreshkova@ksc.krasn.ru
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JIuctBennnna cubupckas (Larix sibirica Ledeb.) u cocna kemposas cubupckas (Pinus
sibirica Du Tour.) SBIsIOTCS BaKHBIMU BUAaMK OOpeaabHBIX J1ecOB CHOMPH U UMEIOT OTPOMHOE
HKOHOMHYECKOE, IKOJIOTMYECKOe M ICTETUUYECKOE 3HaUeHHE. B CBsI3U € TeM, YTO JaHHBIC BU/IbI HE
SIBJISTIOTCSI MOJICJIBHBIMU OOBEKTAMHM T€HOMHBIX MCCJICIOBAHUMN, HA TEKYIIM MOMECHT HAKOILICHO
KpaifHe Majio 3HaHHWW 00 WX TeHax ¥ reHomax. CI0XKHOCTh UCCIICOBAHHMI T€HOMOB 3THUX BHUJIOB
CBsI3aHAa TaKX€ C UX OIPOMHBIMH pazMepaMu. Tak, TeHOM JINCTBEHHHUIIBI CHOUPCKON COCTaBIISICT
12,03 Gbp, cocHbl cubupckoit keaposoi — 23,6 Gbp, uto B 4 u 7 pa3 Oosnblie pa3Mepa reHoma
YeJI0BEKa.

OCHOBHOW TIENTBI0 HAIMX MCCICIOBAHUN SIBJISCTCS TPOBEICHHE IOJHOT'€HOMHOTO
CCKBEHUPOBAHMUS, COOPKH, CPABHUTEIILHOTO aHAIN3a U aHHOTUPOBAHHS T€HOMOB JIMCTBCHHHUIIBI
CUOUPCKOH U Kefpa.

CexBeHHpOBaHHE OCYLICCTBIISICTCS C HCIOJb30BaHHEeM cekBeHatopoB Illumina HiSeq
2000 u MiSeq. I L. sibirica mpousBeneHo cekBeHHpOBaHKe MapHOKOHIEBHIX (PE) Oubmnorek
mmnoi 250-500 bp um cuemnennokonuessix (MP) 6ubimorek mis ¢dparmentos 3000 bp,
NOJYYEHHBIX W3 XBOM, MeraraMeToQuToB U KaurycHoW Kyabrypel. Jus P. sibirica
CCKBECHHPOBAHbBI aHAIOTMYHbIC OWOIMOTEKH, MONyueHHbIe M3 MerarameToduToB. Ha Tekymuit
MOMEHT IOKPBITHE TEHOMOB cocTaBiisieT 74X u 25X i TUCTBEHHUIIBI U KEAPa COOTBETCTBEHHO.
Taxoke, MPOU3BEIEHO CCKBEHUPOBAHNE TPAHCKPUIITOMA ITOYEK JTMCTBEHHHIIBI CHOMPCKOM.

[Mosny4eHHbIe JaHHBIC CEKBEHUPOBAHHUSI [TO3BOJIMIIN TTOJYYUTh YEPHOBBIC COOPKH T€HOMOB
L. sibirica u P. sibirica, koTopbie UCIIOIB30BAIUCH IS TIOMCKA MHUKPOCATEIUTUTHBIX JIOKYCOB U
NM3aiiHa TMpaiiMepoB K HUM C IIENbI0 JAJIBHEHINIETO BBISBICHHS BBICOKOIIOIUMOPPHBIX H
BBICOKOMH(DOpMATHBHBIX SSR-MapKkepoB isi OMYISIIHOHHO-TCHETHYECKUX UccienoBanuit. Jls
JIMCTBCHHUIIBI CUOMPCKOW BIEpBbIE ObUI COOpaH U aHHOTHPOBAH XJIOPOIUIACTHBIA TCHOM, JIJISI
COCHBI CHOMPCKOM yAaaoch yIydlIuTh COOpKY omyOimkoBanHoro B Genbank xmoporiactHoro
renoma (FJ899558.1), 3akpeiB mpomycku cymmapHoi mmuHoi B 16085 bp. Ilo pesynbraram
CCKBEHHpOBaHUs 00pasmoB, oOoramennbix MTJHK, mpoBemensr dyepHOBas cOopka
MHUTOXOHIPHAIBLHOTO TEHOMA M €TI0 TPEABAPUTEIbHBIN aHAIIH3.

COopka TpaHCKPUIITOMA TIO3BOJIMIIA TONYyYuTh 43717 rOHUTEHOB O0IIEH UTHMHON Ooliee
26 Mbp, miuHa Hambosee AITUHHOrO foHMreHa cocrasmia 8512 bp, N50 = 1330 bp, uucio
toHureHoB JuHO#M Oonee 1000 m.H.o. coctaBuio 6919. CpaBHUTENbHBIN aHAINU3 MOJTYYCHHOMN
cOOpKHM ¢ ONMyOJMKOBAHHBIMA COOpPKAMH TPAHCKPHUIITOMOB HEKOTOPBIX XBOMHBIX IOKa3all
JIOCTAaTOYHO BBICOKYIO CTEMEHb CXOJCTBA IMOJIYUYECHHBIX KOHTHIOB M KOHTHIOB IPEIBIIYIIHX
coopok. Takum 00pa3oM, Ha TaHHBIII MOMEHT IOJTydeHa cOOpKa, cocTasistonias okoio 70% ot
IpeoIaraeMoi o0IIeH JTMHBI TPAHCKPUTITOMA JIMCTBEHHUITBI CHOUPCKOM.

Paboma ewvinornena 6 pamxax npoekma «leHomHble UCCIe008aHUL  OCHOBHBIX
Oopeanvubix 1ecoobpasylowux XeoUHbIX U008 U UX Haubolee ONACHLIX NAMO2EHO8 6
Poccuiickoti Deoepayuuy, @unancupyemoeo  Ilpasumenvcmeom — PD (0ozo60p

Me 14.Y26.31.0004).

GENOME SEQUENCING AND ASSEMBLY OF SIBERIAN LARCH (LARIX SIBIRICA
LEDEB.) AND SIBERIAN PINE (PINUS SIBIRICA DU TOUR) AND PRELIMENARY
TRANSCRIPTOME DATA
Oreshkova N.V.*!? , Putintseva Yu. Al . Kuzmin D. Al , Sharov V. v.! , Biryukoy V.V. g
Makolov S.V.! Deych K.O.*® Ihe A.A. Shilkina E.A.5, Krutovsky K.V.1345
1Siberian Federal Unlversny Krasnoyarsk, Russia
2V/.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences,
Krasnoyarsk, Russia
3N.1. Vavilov Institute of General Genetics, Russian Academy of Sciences, Moscow, Russia
Umversr[y of Géttingen, Gottingen, Germany
>Texas A&M University, College Station, Texas, USA
®Branch of the Russian Centre for Forest Protection Centre for Forest Protection of Krasnoyarsk
Territory, Krasnoyarsk, Russia
*e-mail: oreshkova@ksc.krasn.ru

The whole genomes of Siberian larch (Larix sibirica Ledeb.) and Siberian pine (Pinus
sibirica Du Tour.) were sequenced using Illumina HiSeq 2000 and MiSeq, and their first draft
genome assemblies were generated. We searched for microsatellite loci in the assemblies and
designed PCR primers to identify and develop highly polymorphic and informative SSR-markers
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for population genetic studies. For the first time the chloroplast genome of Siberian larch has
been assembled and annotated. For Siberian pine we improved the chloroplast genome assembly
published in Genbank (FJ899558.1) by closing gaps with the total gap length of 16085 bp. The
draft assembly of mitochondrial genomes for these species has been done. The transcriptome
assembly consisted of 43717 unigenes with a total length of ~26 Mbp. The longest unigene was
8512 bp; N50 =1330 bp, and the number of unigenes longer than 1 Kbp was 6919. The obtained
transcriptome assembly represented ~70% of the estimated total transcriptome in Siberian larch
and was similar to other published conifer transcriptomes.

This study was supported by Research Grant No. 14.Y26.31.0004 from the Government of
the Russian Federation.

OLEHKA COCTOSAHUSA TEHO®OHJIA JIECHBIX IPEBECHBIX BU/IOB
BEJIAPYCH
IHagyros B.E., Bapanos O.10., Karan /.., UBanosckas C.HU.
I'HY «Muctutyr neca HAH Benapycu», Peciyonuka benapycs; forestgen@mail.ru

Wudopmanus 0 TOMYISIIHOHHO-TEHETHUECKOW CTPYKTYpe BHUJIOB JIa€T BO3MOXKHOCTh
NPOBOAWTh  MOHUTOPHHI  W3MEHEHUH,  MPOUCXOIAIIMX  W3-32a  BO3JCHCTBUSA  psjia
JECTa0MITN3UPYIOIIUX TPUPOIHBIX W AHTPOIOTEHHBIX (DAKTOPOB, a TaKKe IPOTHO3UPOBATH
HapyIICHUE CTAOUILHOTO BOCITPOM3BO/ICTBA TEHETHYECKUX PECYPCOB BO BPEMEHHU.

OHUM W3 TJIABHBIX KPUTEPUEB OICHKH COCTOSIHHUS T€HO(OH/A, 0E3yCIIOBHO, SBIISETCS
YPOBEHb T'E€HETHUYECKOH WM3MEHYMBOCTH, ONPEACIAIOMNNA YCTOWYMBOCTh U IIACTHYHOCTH
nomnyisiiuid. JlecooOpa3yromue BuIbl benapycu 1Mo JaHHBIM HW30(EPMEHTHOTO aHAJIN3a MOTYT
OBITH pa3jielieHbl HA TP YCIOBHBIE Tpymimbl. K BHIaM ¢ HU3KUM YPOBHEM M3MEHYHBOCTH MOKHO
otnectu Fraxinus excelsior (Pge=0.273, A=1.4, H,=0.050, H.=0.051), Tilia cordata (Pg9=0.300,
A=1.7, Ho=0.050, He=0.052) u Alnus glutinosa (Pgs=0.563, A=1.9, H,=0.056, H.=0.056).
Cpenuuii ypoBeHb u3MeHunBOocTH uMeroT Acer platanoides (Pg=0.417, A=1.6, H,=0.091,
He.=0.099), Carpinus betulus (Pg9=0.500, A=1.6, H,=0.091, H.=0.098), Betula pendula
(P99=0.650, A=2.5, H,=0,114, H.=0,115), Populus tremula (Pg9=0,385, A=1,9, H,=0,129,
He=0,147) u Picea abies (Pgy=0.667, A=2.4, H,=0.142, H¢=0.141). BsicokuM ypOBHEM
U3MEHYMBOCTH Xapaktepu3yrotcs Betula pubescens (Pgy=0.556, A=2.0, H,=0.268, H.=0.287),
Quercus robur (Pgy=0.796, A=3.2, H,=0.237, H.=0.227) u Pinus sylvestris (Pgs=0.800, A=3.6,
Ho=0.247, H.=0.240). C nomyasiinOHHO-T€HETUYECKOM TOYKH 3PEHHUS, B CTPATETHH COXPAHCHUSI
BUJIOB, UMEIOIUX HU3KUH M CPEJHHUIA YPOBEHb TCHETHUYECKOW M3MEHUYUBOCTH, MEPOIIPHUATHS TI0
COXpaHEHHI0 KaK MeTojaoM in Situ, Tak W MeToAoM €X SitU MMEIOT paBHYIO IEHHOCTH H
3HaYMMOCTh. He HCKIII0ueHo, 4To MeTO €X SitU B OMpe/ieIeHHBIX CUTYAIUsIX MOXKET OKa3aThCsl
€MHCTBEHHBIM CIIOCOOOM COXpaHeHus reHodoHna Buja. [lis BHUIOB C BBICOKUM YpPOBHEM
W3MEHYMBOCTH OCHOBHBIM HANpaBJICHUEM CIIEJyeT paccMaTpuBaTh coxpaHeHue In  Situ,
MOCKOJIBKY TO3BOJISIET COXPAHATh MOMYJSIMOHHBIE TeHO(MOHABI B 00bEMe, TOCTATOYHOM IS
aJlanTanui K M3MEHEHUSAM OKpYysKarolleld cpeasl. Bropoe HampasieHue — €X Situ, MOXeT ObITh
UCIIONIb30BaH TOJBKO B KAaueCTBE JOIMOJHUTEIHHOTO, MO3BOJIIONIETO COXPaHATh TEeHO(POHT
0Cc000 IIEHHBIX JCPEBHEB U HACAKICHHI.

JIpyruM  TIPUOPUTETHBIM KPUTEPUEM, OKA3bIBAIOIIUM BIUSHHE Ha pa3paboTKy
MEPONPHUATHIA TI0 COXPAHCHUIO BHUIOBOTO TEHO(DOHJA, SIBISCTCS CTEICHb AuQQepeHIIHnanu
MEXY TOMYIAIUIMHA. DTOT KPUTEPUI TTO3BOJISET ONMPEAETATH KOJIUYECTBO MOMYJISAINI, KOTOpOe
HEOOXOJUMO COXPaHATh JUIA TPEAOTBPAIICHUS CYIISCTBEHHOTO OOCJTHEHHUS TE€HETHYCCKHUX
pecypcoB Buaa. [lns nmecooOpasyromux BUAOB benapycu xapakTepHa HEBBICOKAs CTENEHb
MEXIONYJIAIUOHHON auddepentmanuu: 3HaueHus Fst, Gst W ycpemHeHHas BenmunHa Dy
BapeupytoT ot 0.003, 0.003 u 0.001 coorBercTBenHo (Acer platanoides) mo 0.030, 0.032 u 0.007
coorBerctBeHHO (Betula pendula). Hecmorps Ha TO, 9TO CTEMEHb MEXIOMYISIIHOHHON
nuQQepeHIMalid B 1IEJIOM HEBBICOKA, BO BHYTPHUBHUJIOBOW CTPYKTYypE pPa3IMYHBIX TMOPOJ
JIOCTaTOYHO OTYETIIMBO TPOSBIISIFOTCS ONPEJICIICHHBIE OCOOCHHOCTH, KOTOpBIC HEIb3s He
YUUTBIBATh, TUTAHUPYS MEPOIPHATUS TI0 COXPAaHCHHIO JICCHBIX TEHETHYECKHX PECYPCOB:
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HKOJIOTHYECKAs MJIACTUYHOCTD BHJIA, CHEKTP (OPMOBOTO pa3HOOOpa3us BUAA (OCOOEHHO O TeM
Ipu3HaKaM, KOTOpble MOTYT TPUBOAMTH K BO3HMKHOBEHHIO KaKOro-imbo  ypoBHs
PEIPOAYKTUBHON U3OJISIIMKA U 00PA30BAaHUIO CTPYKTYPUPOBAHHOCTH TIOMYJISAIUNA HA OTHICIHHBIC
TPYNIUPOBKH 0CO0E€i), CTerneHb TEeHEeTHYECKOro pOJCTBAa MOMYNALMNA, KOTOpas CBsi3aHa C
ABOJIIOIMOHHOM UCTOPUEN BUA.

[Ipu pa3paboTke MEpONpHUATHI MO COXpaHEHUI0 TreHOPOHJa BHUIOB U moadope
COOTBETCTBYIOIIUX HACAKIACHUA CIEAyeT YYUTHIBATh WHTECHCHBHOCTH JIECOXO3SIMICTBEHHOMN
NEeSTeNIbHOCTH. AHanu3 45 COCHOBBIX JPEBOCTOEB IIOKa3aJl, YTO 4YEM BBIIIE CTENEHb
AHTPOIIOTEHHOM HAarpy3Kd, TEM HHWXKE [I0Ka3aTelli TE€HETHYECKOM M3MEHUYMBOCTU. Tak,
HaIpUMep, yCpeAHEHHOe 3HaueHue H, B Tpylne HacakIeHWIl W3 HKCIUTyaTal[MOHHBIX JIECOB
cocraBnsier 0.247, mmocoBbix HacaxkaeHwit — 0.258, renermdeckmx pesepBatoB — 0.269,
HanmonansHoro napka «benoexxckas myma» — 0.275.

EVALUATION OF THE GENE POOL STATE OF FOREST TREE SPECIES IN
BELARUS
Padutov V.E., Baranov O.Yu., Kagan D.l., Ivanovskaya S.1I.
Forest Research Institute of NASB, Belarus; forestgen@mail.ru

Information about population genetic structure of the species allows to monitor changes
taking place due to the impact of a number destabilizing natural and anthropogenic factors, and
predict the violation of a stable reproduction of genetic resources in time.

One of the main criteria for evaluating the state of the gene pool, of course, is the level of
genetic variation, which determines the stability and plasticity of the population. Forest forming
species of Belarus, according to isozyme analysis data, can be divided into three groups. Group
of species with low level of variation includes Fraxinus excelsior (Pgy=0.273, A=1.4, H,=0.050,
H.=0.051), Tilia cordata (Pgy=0.300, A=1.7, H,=0.050, H.=0.052) and Alnus glutinosa
(P99e=0.563, A=1.9, H,=0.056, H.=0.056). Acer platanoides (Pgy=0.417, A=1.6, H,=0.091,
H.=0.099), Carpinus betulus (Pg9=0.500, A=1.6, H,=0.091, H.=0.098), Betula pendula
(P9e=0.650, A=2.5, H,=0,114, H.=0,115), Populus tremula (Pg9=0,385, A=1,9, H,=0,129,
He=0,147) and Picea abies (Pg9=0.667, A=2.4, H,=0.142, H.=0.141) have the average level of
variation. A high level of variation is characteristic for Betula pubescens (Pgg=0.556, A=2.0,
H,=0.268, H.=0.287), Quercus robur (Pgy=0.796, A=3.2, H,=0.237, H.=0.227) and Pinus
sylvestris (Pg9=0.800, A=3.6, H,=0.247, H.=0.240). From population genetic point of view, the
strategy of conservation of species with low and medium level of genetic variation, conservation
activities as a method of in situ, and ex situ method have equal value and importance. It is
possible that the ex situ method, in some situations, it may be the only way to preserve the gene
pool of the species. For species with high levels of variation should be considered the main focus
of in situ conservation, because it allows to keep population gene pool in sufficient amount to
adapt to environmental changes. The second direction - ex situ, can only be used as an additional,
S0 as to maintain the gene pool of the most valuable trees and plants.

Another priority criterion influencing the development of measures for the preservation
of the gene pool of the species, is the degree of differentiation between populations. This
criterion makes it possible to determine the number of populations that should be maintained in
order to prevent substantial depletion of species genetic resources. Forest forming species in
Belarus is characterized by a low level of interpopulation differentiation: the value Fsr, Gst, and
the average value of the Dy range from 0.003, 0.003 and 0.001 respectively (Acer platanoides) to
0.030, 0.032 and 0.007 respectively (Betula pendula). Despite the fact that the degree of inter-
population differentiation in general is not high, in the intraspecific structure of various breeds
quite clearly show certain characteristics that can not be ignored when planning activities for the
conservation of forest genetic resources: the ecological plasticity of the species, the spectrum of
form diversity of species (especially on those grounds, which can give rise to any level of
reproductive isolation and the formation of structured populations into separate groups of
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individuals), the degree of genetic relatedness of populations, which is linked to the evolutionary
history of the species.

During design of measures to preserve the gene pool of the species and the selection of
appropriate stands should take into account the intensity of forest management. Analysis of 45
pine stands showed that the higher the degree of anthropogenic load, the lower the levels of
genetic variability. For example, the average value Ho of the group commercial forests
populations is 0.247, plus stands - 0.258, genetic reserves - 0.269, National Park "Bialowieza
Forest" - 0.275.

MOJIEKYJISAPHO-®UTOIMATOJIOI'MYECKASA OLHEHKA
JIECHOI'O IOCAJOYHOTI'O MATEPUAJIA
IlanTesieeB C.B.l, bapanos O.IO.l, IlecTuoparTon K.A.z, Kouranuxuna I'.B.2
'THY «Mucrutyr neca HAH Benapycny, Berapycs forinsthanb@gmail.com
2OI'BYH «MHCTHTYT OMOOPTaHMYECKOM XUMUU NMeHH akagemMukoB M.M. Illemskuna u 10.A.
OBunHHUKOBa», Poccus; schestibratov@mail.ru
3®I'BOY BIIO «MockoBckHmii roCyJlapCTBEHHBIN YHUBEPCUTET Jiecay, Poccus;
kolganihina@rambler.ru

B cBs3M ¢ moBbIIEHHEM MHTEHCUBHOCTH MCIIOJIb30BAHUS JIECHBIX PECYpCOB BCce Ooiee
aKTyaJIbHOM ~ CTaHOBUTCS  MOTPEOHOCT B MOJYYEHUH  OONBIIOTO  KOJUYECTBa
BBICOKOKAUECTBEHHOTO JIECHOI'O MOCaJ04yHOro Marepuana. C 3Tol LeNblo €KEroJHO CO3ar0TCs
U (QYHKIMOHUPYIOT KpynHbIe (aOpUKH MO MPOU3BOJCTBY CESHIIEB U CAXKEHILIEB — JIECHBIC
NUTOMHUKHM. Ha mpoTsokeHuM mociefHuxX JIET TOJbKO B benapycu €XeroiHo BbIpalIUBaeTCs
oko110 300 MJIH. HIT. CTAaHAAPTHOTO MOCAJOYHOT0 MaTepHaa.

OpaHMM U3 HEraTUBHBIX (DAKTOPOB, CHIJKAIOIIUMX BBIXOJA M KAueCTBO JIECHOTO
MOCaJOYHOT0 MaTepHaia B MHUTOMHUKAX, SBISAIOTCA WH(MEKIHOHHBIE OO0JE3HU. AKTYyalbHON
CTAaHOBUTCA MpoOjemMa BTOPKEHHS MHOTOYMCIIEHHBIX  UYYKEPOJHBIX  (PUTOMATOrEHOB,
XapaKTepU3yroIuxcs 0oJbIIel BPeIOHOCHOCTHIO 0 CPaBHEHUIO ¢ a0OpUreHHbIMU BuaaMu. Kak
WHBa3WBHbBIC, TaAK U MECTHBIE (DUTOIMATOTCHBI MPECTABISAIOT COOON 3HAYUTEIBHYIO YIpO3y B
00J1aCTH TMUTOMHHMYECKOTO XO3sIiiCTBAa, MPUYMHSAS SKOHOMUYECKMH M SKOJIOTMYECKUH yIepo
JIECHOM OTpaciI.

CymecTByromuye  TpaAMLMOHHbIE  METOJbl  OIpeneseHus  Oone3Hell  pacTeHuit
XapaKTEepU3YIOTCS PSAAOM HEIOCTATKOB M MPH HUX MCIOJB30BAaHUU YacTO BO3HUKAIOT TPYAHOCTH
¢ uaeHTHUUKaIMed Bo30yauTeneld Ha BUIOBOM YpoBHe. PemieHue naHHoi mpobiemsl TpeOyeT
pa3paboOTKU W BHEAPEHUS B JIECHOE XO3AHCTBO COBPEMEHHBIX METOJIOB, IO3BOJISIOLIUX
omnpeneniaTh OOJE3HM JIECHOTO  IOC3JA0YHOTO  MaTepuasa C  BBICOKOM  TOYHOCTBIO,
uAeHTU(GUIMpOBaTh MX BO30yIOUTENEH, B TOM 4YHCIE€ HWHBAa3MBHBIX, Ha pPAHHUX OJTamax
00J1e3HETBOPHOTO Tporecca. B Hacrosiee BpeMs JaHHBIM TpeOOBaHUSM OTBEYaeT BEAYLIMH U
HanboJiee HaJEXKHBIM Ccroco0 BUIIOBOM wuieHTHUKAUU Bo3Oyautener Oonesnert — JIHK-
aHaJIN3.

OTO6Op pacTUTEIBHBIX O0pPa3IOB MJIs MOJEKYISPHO-(PUTOMATOIOTHYECKOTO aHaln3a
II0CAJOYHOr0 MaTepuala B JIECHBIX MUTOMHUKAX IPOBOAMUTCSA KPYTJIOTOIUNYHO, BHE 3aBUCUMOCTHU
OT KJINMaTUYECKHUX, CE30HHBIX (DAKTOPOB U (PU3HOIOTMUECKOTO COCTOSIHUS PACTEHHI.

B necubix nutomMHMKax benapycu, Ha OCHOBaHMM JaHHBIX MOJIEKYJISIPHO-TE€HETUYECKOTO
aHajam3a, TUarHocTupoBaHo Oojee 120 BUIOB MAaTOTEHHBIX W YCIOBHO-TIATOTEHHBIX TpuOoB, 50
U3 KOTOPBIX SIBJIAIOTCS AOMUHHMpYomMMH. B Hambonbmeit crenenu (23-34%) mpencraBiieHbl
HekpoTpodusie rpubsl pogoB Phoma, Alternaria, Cladosporium, Epicoccum u Aureobasidium.
BrrsaBiens! nHBa3uBHBIE 411 benapycu BUIbI (PUTONATOT€HOB MOCAJOYHOTO MaTepuaia JIPEeBECHBIX
nopo: Sphaeropsis sapinea (Fr.) Dyco et Sutton, Sclerophoma pithya (Sacc.) Died, Sporobolomyces
sp. u gap. UneHtuduumpoBaHbl paHee HEW3BECTHbIE BHUJBI SHAOPHUTHBIX MHUKPOMHUIIETOB
(npeHTHUKAIMOHHBIE HOMepa B 0a3e maHHbIX reHHoro 6anka NCBI GQ413953, GU984802 u np.)
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[lpoGnema monyueHHs OOJBIIOTO KOJIMYECTBA BBICOKOKAYECTBEHHOTO  JIECHOTO
IOCAaZIOYHOr0 MarepHaia paspemnMa OJjarojaps NPUMEHEHHIO METOJa YCKOPEHHOIO
Pa3MHOXEHHUSI — KIIOHAILHOTO MHKpPOPa3MHOKEHHs. B mpoliecce BereTaTuBHOIO Pa3MHOMXKCHUS
pacTeHHil TPaJMLIHOHHBIMH CIIOCO0AaMU BO3HHMKAeT MNpoOJieMa BO3pAacTaHHs HH()EKIIMOHHOM
Harpy3KH BCJICJCTBUE YBEIUYCHHS KOJIMYECTBA M3HAYAIBHO 3apakeHHOro Marepuana. OQHuM u3
[JABHBIX  NPEUMYILIECTB  KJIOHAIBHOIO  MHKPOPa3MHOXCHUS  SIBISIETCS ~ BO3MOXKHOCTB
03JIOPOBJICHUS TIOCAJJOYHOTO0 MaTepHuaia OT MATOreHHBIX MHKpPOOpraHu3MoB. Ha ocHoBaHUM
BBIIICH3JI0)KEHHOT 0, IPOBEJICHA MOJICKYJISIPHO-(DUTOMATONIOTHYECKas TUArHOCTHKA MUKPO(IOpPHI
KJIOHOB Oepe3bl, OCHHBI M SICCHS Ha 3Talmax MHUKPOpPa3MHOXKEHHs M YKOpeHEeHus In Vitro,
ajantandyl W JIopaliMBaHus  €X  Vitro. YcraHoOBiIeHO, 4YTO CrIOCO0  KJIIOHAIBHOTO
MHKpPOPa3MHOXKEHHS JICCHBIX JIPEBECHBIX PACTCHUH MO3BOJIACT MOJydYaTh MOCAIOYHBIH
MarepHai, cBOOOIHBINA OT HHOEKIIMOHHOH MUKPOGIIOPHI C YUETOM JIATCHTHOW HH(EKIUH.

MOLECULAR PHYTOPATHOLOGICAL ASSESSMENT OF FOREST
PLANTING MATERIAL
Panteleev S.V.}, Baranov O.Yu.!, Schestibratov K.A.?, Kolganihina G.B.?
Forest Research Institute National Academy of Sciences of Belarus, Belarus;
forinstnanb@gmail.com
2 M.M. Shemyakin-Yu.A. Ovchinnikov Institute of Bioorganic Chemistry of the Russian
Academy of Sciences, Russia schestibratov@mail.ru
*Moscow State Forest University, Russia kolganihina@rambler.ru

Due to the increased intensity using of forest resources is becoming increasingly urgent
need to produce large amounts of high-quality forest planting material. To this end, each year are
created and operate large factories for the production of seedlings and saplings - forest nurseries.
In recent years, in Belarus are grown each year about 300 million. pcs. standard planting
material.

One of the negative factors that reduce yield and quality of forest planting material in
nurseries are infectious diseases. Urgent becomes the problem of the invasion of numerous alien
plant pathogens, characterized by more malware compared to native species. Invasive and local
phytopathogens pose a significant threat in the nursery economy, causing economic and
environmental damage to the forest sector.

The existing traditional methods for the determination of plant diseases are characterized
by a number of disadvantages and using it often have difficulties with the identification of
pathogens at the species level. The solution requires the development and implementation of
modern forestry methods to detect disease of planting material with high precision, to identify
the causative agents, including invasive, early in the pathogenic process. Currently, DNA
analysis is the leading and most reliable way to identify the disease causative agents.

Sampling for plant tissue for molecular phytopathological analysis in forest nurseries held
year-round, regardless of weather, seasonal factors and the physiological state of the plant.

In forest nurseries of Belarus, on the basis of molecular genetic analysis, detected more
than 120 species of pathogenic and opportunistic fungi, 50 of which are dominant. In most (23-
34%) are necrotrophic fungi genera Phoma, Alternaria, Cladosporium, Epicoccum and
Aureobasidium. Identified invasive alien pathogens of forest planting material: Sphaeropsis
sapinea (Fr.) Dyco et Sutton, Sclerophoma pithya (Sacc.) Died, Sporobolomyces sp. et al.
Identified a previously unknown species of endophytic micromycetes (identification numbers in
the Genebank NCBI GQ413953, GU984802 et al.).

The problem of a large number of high-quality forest planting material is solvable
through the use of the accelerated method of reproduction — micropropagation. In the process of
vegetative plant propagation by conventional methods have a problem of increasing the
infectious load as a result of increasing the number of initially infected material. One of the main
advantages of micropropagation is the possibility of improvement of planting material from
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pathogenic microorganisms. Based on the foregoing, molecular diagnostics for the
phytopathological microflora of the clones birch, aspen and ash on the stages of
micropropagation and rooting in vitro, adaptation and rearing ex vitro carried out. It was found
that the method of micropropagation of forest tree species produces planting material free of
infectious microflora with the latent infection.

N3YYEHHUE TOJJEPAHTHOCTH JEPEBBEB COCHBI OBBIKHOBEHHOM (PINUS
SYLVESTRIS L.) C UCITIOJBb30BAHUEM KAJIJTYCHBIX KYJIBTYP IN VITRO B
MOJIEJUPYEMBIX CTPECCOBBIX YCJIOBUSAX
IMapaaeBa E.IO.l‘z, Tadaukas T.M.l, Mamxkuna O.C.12
1Bcepoccnﬁacmﬁ HUWU necHoi reHeTHKH, CETICKIIUU U OMOTEXHONIOTHH, BopoHex
BOpOHEKCKHIA rocyIapeTBeH b yHuBepeuTeT, Pocens; elena.pardaeva@mail.ru

OpHa U3 aKTyalbHbBIX IPOOJIEM COBPEMEHHOCTH — BBISIBJICHUE YCTOWYMBOCTU PACTEHHH K
HeOnmaronpusTHEIM (hakTopam cpenbl. s e€ pemeHus: UCIOMb3YIOTCS Pa3InYHbIe METOIBl U
MOAXOJbl, B TOM uHcIe OuoTexHonormueckuit. K HacrosmmeMy BpeMEHH MOJIOXKUTEIbHBIC
pe3ysbTaThl M0 M3YYEHHUIO PEaKLUMU KJIETOYHBIX M TKAHEBBIX KYJIbTYP Ha pa3jIMYHbIC YCIOBUS
KYJIbTUBHPOBAHUS TIOJyYE€Hbl B OCHOBHOM Ha CEJIbCKOXO3SHUCTBEHHBIX pACTEHUSX, U B
3HAUUTEIbHO MEHbIIEH CTEeNeHU — Ha JpeBecHbIX. C MOMOLIbIO0 MCIOIb30BaHUS MUTATENbHBIX
cpen ¢ 3amanHbiME aredtamu (Hanpumep, cossmu (NaCl, MgSQO,, KCI), tsokensiMu MeTamiamMu
U JIp.) CO3/IAI0TCS OMOTEXHOJIOTMYECKUE MOJCIH B KyJIbType IN VItro ¢ pa3auyHOi CTpecCOpHOi
HArpy3Koii, 4TO JaeT BO3MOXHOCTh U3YUEHUS CTPECCOYCTOMYMBOCTH PA3IMUYHBIX T€HOTHUIIOB.

Hamu n3yueHo BnusiHue 3aconeHus nutatenbHbiX cpex (2 MS+ o-HYK (2mr/m)+6-ball
(0,5mr/m)) xmopumom Hatpusi (NaCl) Ha KauTyCOreHHbIE PEaKIUK Pa3InIHbIX TEHOTHIIOB COCHBI
0OBIKHOBEHHOH. OOBEKTHI UCCIIEIOBAHUS — KOHTPACTHBIC MO CTENIEHH YCTOWYMBOCTH K 3acyxe
JIEPEBbsl COCHBI OOBIKHOBEHHOH («yCTOMYMBBIE» U «UYBCTBUTENbHBIE»), 0TOOpaHHble H.D.
Ky3HenoBoi no npu3HakaM CEMEHHOW NPOAYKTUBHOCTH. Beero 5 nepeBreB, Npou3pacTaromux B
HKOJIOTHYECKU OnaronpuatHoM paiioHe BopoHexckoil oOmacTh. DKCIUIaHTBI — cTe0JieBble
CErMEHTHI 3€JIeHbIX M00EroB COCHbI JIMHOM 1-1.5 cM, nzonupoBanHble B Mae Mecsue. Kputepun
OLIGHKM KaJJIyCOTeHe3a: CKOPOCTb WHUIMALMK TEepBUYHBIX KaulycHbIX KyabTyp (CK),
unTeHcuBHOCTh (MK) 1 yactora (UK) xammycorenesa, )KuU3HECIIOCOOHOCTh KaJUIYCHBIX KYJIbTYpP
(KK). HUcnoeitano Heckonbko ycnoBuii 3aconmenus NaCl: 1) 0.2-0.5%; 2) 1-1.5%; 3) 2%.
KoHTpoisiem cinyxuiu KyiabTyphl, pacTymue Ha cpeaax 6e3 NaCl.

B nenom Habmoanoch YrHeTEHHE POCTOBBIX MPOIECCOB KALIYCHBIX KYJIBTYp, KOTOpPOE
YCHJIMBAJIOCH MPOTIOPIIMOHATBHO yBennueHuio conepxanus NaCl B nurarenbHoii cpene. Tem He
MeHee, KaJUTyCOT€HHbIE PEaKIMU B YCIOBHIX COJIEBOIO cTpecca OBbLIM pa3iUyHbl Y pa3HbIX
TE€HOTUIIOB M HE BCErJa KOPPEIUPOBAIU C UX TPYNIOBOW MPHUHAJIEKHOCTHIO («YCTOWYUBBIE»
WINCIYBCTBUTEIIBHBIE») W HW3YUYEHHBIMHM IIOKa3aTeJIIMU KaJulycoreHesa B KOHTpoje. Tak,
HaIrpuMep, KaUTyCHbIe KyJIbTypbl AepeBbeB Ne23 («ycroitunBoe») U Ne24 («4yBCTBUTEIHHOEY),
UMeroIre JocTaTouHo Bbicokue 3HayeHus MK B xontpone (3.7 u 3.6 6amna), He BhIACPKUBAIN
«3acosnenue» cpenpl qaxe mpu maibix no3ax NaCl (0.2-0.5%). KamtycHble KyJabTypsl epeBa
Nel2 («ayBctBUTENBHOE») ¢ HU3KoM MK (2.0-2.2 6amma) kak B KOHTpOIIE, TaK U B OINBITHOM
Bapuante (0.2-0.5% NaCl) coxpansiu 10CTaTOYHO BBICOKYIO >KH3HECIIOCOOHOCTH (60%) B
TedyeHne 20 pgHel. KynabTypsl OCTaJbHBIX [€pPEBBEB, HE3aBUCHMO OT MX TPYNIIOBOU
NPUHAJJIEKHOCTH  (yCTOMYMBBIE» WU  «UYBCTBUTEIbHBIE») TIPU TEX IKE€ YCIOBHUAX
KyJbTUBUPOBAHUSA COXPAaHWIN >XKM3HecrocoOHocTh B auanazone 0,2-0,5%. Ilpu yBenuuenun
conepkanus NaCl B murarensHoli cpene 10 1.5% OTMedeHO pe3koe CHUKEHUE COXPAHHOCTH
kyabTyp. Kak u npennonaranocs, 2% xonuentpamus NaCl Oblia netanbHO# U1 BCEX KYIBTYP.

Takum o00pazoMm, Bce KalIyCHble KYJNbTYpbl MPOSBISIM YYBCTBUTEIBHOCTh K
«3acosienuto». OJHAaKO, KaJlyCOreHHas peakuuss B YCIOBHAX COJEBOIO cTpecca Oblia
HEOJIHO3HAYHA U BapbHUpoOBalia B 3aBUCHMOCTH OT F€HOTHUIIA UCXOJHOTO JiepeBa. BolsBIeHbl Kak
TOJICpAaHTHBIE TE€HOTHIIBI K JAHHOMY cTpecc-(akTopy, Tak W MOrudaroiiye B TEUEHHE IMEPBBIX
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I[Heﬁ €ro BO3I[€I>1CTBPI$I. HOHy‘-IeHHBIC JaHHBIC O YYBCTBUTCJIBHOCTH KaJUIYCOI'CHC30B,
nuddepeHnra B OTBETaX IOKa3aJll BO3MOXXHOCTb HCIIOJIB30BaHMSI MX OCOOCHHOCTEH B
KOMIUIEKCHOW OIIEHKE YCTOWYMBOCTH JIEPEBHEB K CTPECCOBBIM (haKTOPaM.

STUDY OF TOLERANCE OF SCOTS PINE TREES (PINUS SYLVESTRIS L.) USING
CALLUS CULTURES IN VITRO IN MODELED STRESS CONDITIONS
Pardayeva E.Yu."?, Tabatskaya T.M.!, Mashkina 0.S."?

'Research institute of Forest Genetics, Breeding and Biotechnology, \Voronezh, Russia
2\/oronezh State University, \Voronezh, Russia; elena.pardaeva@mail.ru

One of the actual problems of our time is the identification of plant resistance to adverse
environmental factors. For its decision used different methods and approaches, including
biotechnology. To date, the positive results of a study of the cultures cell and tissue reaction to
various culture conditions were obtained mainly on agricultural plants, and a significantly lesser
extent — on woody. By using the nutrient media with desired agents (for example, salts (NaCl,
MgSO4, KCI), heavy metals and others) are created biotechnological models in vitro culture
with varying stress load, which gives the opportunity to study stress resistance of different
genotypes.

We have studied the influence of salinization culture media (%2 MS + a-NAA (2mg/l) +
6-BAP (0.5 mg/l)), sodium chloride (NaCl) on reactions of callusogenesis of different genotypes
of Scots pine. Objects of research - Scots pine trees contrasting in degrees of drought resistance
(«resistant» and «sensitive») selected by the N.F. Kuznetsova on the basis of seed production.
Total 5 trees that grow in ecologically auspicious district of VVoronezh region. Explants - stem
segments of green pine shoots 1-1.5 cm long, isolated in the month of May. Criteria for assessing
of callusogenesis: the speed of initiation of primary callus cultures (SC), intensity (IC) and
frequency (FC) of callusogenesis, callus cultures vitality (VC). Tested several conditions of
NaCl salinization: 1) 0.2-0.5%; 2) 1-1.5%; 3) 2%. Culture grown on media without NaCl served
as a control.

Generally, there was inhibition of growth processes of callus cultures which amplified
proportionally to the increase of content NaCl in the nutrient medium. Nonetheless, reaction of
callusogenesis under salt stress were different in various genotypes and do not always correlated
with their group affiliation («resistant» or «sensitive») and the studied parameters of callus
formation in control. For example, callus cultures of trees Ne23 («resistant») and Ne24
(«sensitive») having sufficiently high values of IC in the control (3.7 and 3.6 points), could not
withstand the «salinization» of environment, even at low doses of NaCl (0.2-0.5%). Callus
culture of wood Nel2 («sensitivey) with low IC (2.0-2.2 points) as in the control and as in the
experimental variant (0.2-0.5% NaCl) saved sufficiently high vitality (60%) for 20 days. Culture
of other trees irrespective of their group belonging («resistant» or «sensitive») under the same
culture conditions preserved the vitality in the range of 0.2-0.5%. With increasing content of
NaCl in the medium up to 1.5% showed a severe decrease in preservation of cultures. As
expected, the NaCl concentration of 2% was lethal to all plants.

Thus, all the callus cultures showed sensitivity to «salinization». However, reaction of
callusogenesis under salt stress was ambiguous and varied depending on the genotype of the
original tree. Identified as tolerant genotypes to this stress factor, and dying within the first days
of its impact. Data obtained on the sensitivity of callusogenesis, differentiation in the responses
showed the possibility of using their features in a comprehensive assessment of the stability of
trees to stress factors.
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YYACTHUE CTPECCOBBIX BEJKOB-AET'MIPUHOB B ®OPMHUPOBAHUU
MOPO30YCTOMYUBOCTH PINUS SYLVESTRIS KPUOJUTO30HbBI
Ilepk A.A., Ilonomapes A.I'., Tatapunosa T./l., BacunseBa U.B., byosikuna B.B.
®I'BYH UncTuTyT OMonorndeckux npoodiem kpuonuto3onsl CO PAH, Poccus; aperk@mail.ru™

CocHoBble jeca SIKyTHMM 1O CBOEH paclpoOCTPaHEHHOCTU (MOYTH 7% JIECOMOKPHITOMN
TEPPUTOPUHU) 3aHUMAIOT BTOPOE MECTO IOC]Ie JUCTBEHHHMYHUKOB pecnyonuku (Tumodees,
2003). MeHpIIUKA SKOJOTHYECKUN apeasl COCHBI 3/1eCh OOYCIIOBICH TEeM, YTO OHa He
BBIIEP)KMBACT KOHKYPEHLIMM C JIMCTBEHHUIICM Ha BOJIOpAa3/eibHBIX IPOCTPAHCTBAX U
HAAMONMEHHBIX Teppacax pek. Bmecte ¢ TeM cocHa SBJISETCS OCHOBHBIM CBHIPbEM JUIS
JepeBorepepadaThIBalONIeii MPOMBIIIIICHHOCTH B BHUJYy IIEHHBIX CBOMCTB ee apeBecuHbl. Kak u
1100011 BEUHO3ENIEHBIN BUJ, B 3UMHHI TEPHOJ COCHA IOJBEPTacTCs BO3JEHCTBHIO XOJIOJIOBOTO
dakropa, npuueM HU3KOTEMIIEpaTypHBIA CTPECC 3aTparuBaeT HE TOJIBKO MOYKU U OJHOJIECTHHE
1o0eru, HO U 3€JIEHbIE YaCTU PAaCTeHUN — JIUCThS (XBOsA). B CBSI3U ¢ 3TUM MHTEPECHBIM SIBIISETCS
u3ydeHue crenupuyeckux 0eIKoB, KOTOPbIe CUHTE3UPYIOTCA B PACTEHUSAX B XOJI€ MOATOTOBKH K
3UMHEMY T[IOKOIO U CIIOCOOCTBYIOT BBDKMBAHMIO B YCIOBHUSIX SKCTPEMAJIBHOIO XO0JI0/a
KpUOJIUTO30HB. K TakoBBIM OTHOCATCA OENKU-IETUIPHUHBI, KOTOPHIM B IOCJIEIHEE BpeMs
OTBOJIUTCSl OJTHA M3 OCHOBHBIX pOJIe NMpH (OPMHUPOBAHUM KPHOPE3UCTEHTHOCTH PACTCHHIA.
BeposatHas QyHKIHS AETUAPUHOB — yYACTHE B 3aIUTE KIETOK OT 00E3BOKUBAHUS Y 3UMYIOIINUX
BUJIOB PAaCTCHHUU Ha dTare (OPMHUPOBAHUS IKCTPAKIETOYHOTO JIbJa, @ UX YPOBEHb MOXKET OBITh
HCIIOJIb30BaH B KaYeCTBE HEIIPSAMBIX CTPECC-MapKEPOB MOPO30YCTONYMBOCTH.

Henbto HacTosmel pabOThl SBUJIOCH BBIABIEHUE OCOOEHHOCTEH BHYTPUBUIOBOTO
nonuMopdu3mMa M CE30HHON NWHAMUKM JIETHJIPUHOB OJHOJIETHEH XBOM — opraHa HauOolee
MIOJIBEPYKCHHOTO XOJIOJ0BOMY CTPECCY COCHBI 0ObIKHOBEeHHOMW Pinus sylvestris L. B yHUKaIbHBIX
KIIUMaTH4ecKuX ycioBusx LlenTpanpHoit SkyTuu.

COop moneBbix MmatepuanioB ocymectBisuin B 2009-2014 rr. exemMecs4HO Ha
MOCTOSIHHBIX MPOOHBIX IJIOUIAJAX B JIECONApKOBOW 30HE Ha TeppuTOopuM boraHuueckoro cana
UBIIK CO PAH (r. Skyrck, 62°15' cam., 129°37' B.A.). Ucnonb30Banu OAHOJETHIO XBOIO
CPEIHEBO3PACTHBIX PACTEHUH COCHBI 0OBIKHOBEHHOU. [T01poOHO M3ydeHa ce30HHas IMHAMHKA U
NOJUMOP(}U3M IETUIPUHOB OTAEIBHBIX PACTECHUI.

Jlnist BBIZICNIEHUS] CYMMAapHBIX O€JIKOB M3 XBOM COCHBI (6 T) IpUMEHsUIN 3IeKTpodope3 B
12.5% SDS-PAGE. NneHTH()UKAINIO TSTHIPUHOB BBIMOTHSUIA C MTOMOMNIBIO TOTHUKIOHATBHBIX
aHTHUTEN TPOTHB WX KOHcepBathBHOro K-cermenra (Agrisera, Sweden). JleruapuHsl
BU3YaJIM3UPOBAJIM IMPU TOMOIIM KpOJWYBMX AHTUTEN, KOHBIOTHMPOBAHHBIX C MLIEJIOYHOMN
dbocdaraszoii (Sigma, USA).

IIpy cpaBHEHMM SK3EMIUIIPOB COCHbI ~OOBIKHOBEHHOH  BBISBJIEH  HEOOJBLION
BHYTPUBHJIOBOH MOIUMOP(GU3M ACTUAPHUHOB y U3YYECHHON MONYISIMUA. MaXopHble JeruapuHbI
OBLTU TPENICTAaBICHBI ABYMsI TpyIIamMu: cpeane- (Moi. Macca 66 kDa, a Taoke 127 u 140 kDa) u
HU3KOMOJICKYIspHbIe (Mo, Macca 15 kDa) monmunenTunsl. OCHOBHBIC cpefHe- (MO Macca 66
kDa) u HuskoMomnekymspHbie (Mo, macca 15 kDa) neruapuHbl y WHIMBHIYAIbHBIX paCTCHHNA
paznuuanuch KosimdecTBeHHO. Kpome Ttoro, tompko 15 KDa-mermapun, B otamume 66 KDa-
JeruApruHa, 00JIaial BBIPAKEHHOW CE30HHOW JAMHAMUKOW, YTO TMPEIIoJiaracT €ro CBS3b C
MOpO30yCTOMUMBOCTBbIO pacTeHHil. OH OTCYTCTBOBajJ IOJHOCTBIO BO BpEMs BEreTallMM U
MOSIBJISICS. BHOBb B Hauyajle OCEHHEro CE30Ha MpHU MOATOTOBKE K 3MMHEMY MOKO0. JlaHHBIN
JETUAPUH TOCTUTAT OTHOCUTEIBHO MOCTOSHHOTO YPOBHS B OKTSOpE, B KOHIIE (DEHOJIOTHUECKON
oceHu B LlenTpanbHoil SAKyTuu. Y OTHEIBHBIX 3K3EMIUISIPOB pacTEHUIN HAOIIOJANNUCh pa3iuyus
BO BPEMEHH NOSIBJIICHNS U NUCUE3HOBEHUS HU3KOMOJIEKYJISIPHBIX JETHIPHHOB.

Takum oOpa3zom, B omHoneTHeil xBoe P. sylvestris IlentpanbHoit SkyTun oOHapyKEHBI
CTpEeCCOBbIE OEIKU-IETHIPUHBI CO CTAOUIBHO BBICOKMM COJIEpXKaHUEM B mepuoJ nokos. Cpenu
aux 15  kDa-mermapun  MOXHO — CBsi3aTh ¢ (OPMHPOBAHHEM  IKCTPEMaIbHOM
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MOPO30yCTOMYMBOCTH PACTCHUN KPUOJUTO30HBI, a TAKXKE MPEANOIIOKUTEIILHO HCIIOJIb30BaTh B
Ka4yecTBE MapKepa KPHOPE3UCTEHTHOCTH.

CONCERN OF STRESS PROTEIN DEHYDRIN IN THE FROST HARDINESS
DEVELOPMENT OF PINUS SYLVESTRIS IN CRYOLITHOZONE
Perk A.A., Ponomarev A.G., Tatarinova T.D., Vasilyeva 1.V., Bubyakina V.V.
Institute for Biological Problems of Cryolithozone, Siberian Branch of Russian Academy of
Sciences, Russia; aaperk@mail.ru

In Yakutia pine forests of take the second place after the larch and take (almost 7% in the
forested area of the Republic) (Timofeev, 2003). On watershed areas and flood plain terraces of
rivers pine can not compete with larch and therefore has a smaller ecological area. Valuable
properties of pine wood make it the main raw material for the wood industry. Cold stress not
only affects the buds, annual shoots, but leaves (needles) and green parts of coniferous trees.
Therefore it is of interest to study of specific proteins that synthesized in plants preparation for
the dormancy period in winter and plants survival in conditions of extreme cold in the permafrost
zone. Among them there are proteins dehydrins which play a major role in the processes of
plants cryoresistance. It is assumed that the dehydrins are involved in the protection against
dehydration overwintering plants of plant cells (extracellular ice formation step). Dehydrins may
be indirect markers of stress-hardiness in plants.

The aim of this work is to characterize of intraspecific polymorphism and seasonal
dynamics of scotch pine one-year needles dehydrins Pinus sylvestris L. in the unique climatic
conditions of Central Yakutia.

The field material was sampled monthly in 2009-2014 from the plots of the forest park at
the Botanical Garden of the Institute for Biological Problems of the Cryolithozone (Siberian
Branch, Russian Academy of Sciences) located in Yakutsk (62°15' N, 129°37' E).

One-year needles of Scots pine middle age has been the subject of study. It was got
detailed in formation on the seasonal dynamics and polymorphism dehydrins individual plants.
For isolation of total proteins from pine needles (6 g) electrophoresis was used in 12.5% SDS-
PAAG. Dehydrins were identified using the polyclonal antibody against dehydrin conserved K-
segments (Agrisera, Sweden). Dehydrins were visualized by antirabbit antibody conjugated with
alkaline phosphatase (Sigma, United States).

Small intraspecific polymorphism through comparative analysis dehydrin was identified
in the studied populations of Scots pine. The two major groups are dehydrin: medium molecular
weight polypeptides (66 and 127kD, 140 kD) and low molecular weight polypeptides (15
kD).The quantitative difference in content medium molecular weight dehydrins (66kDa) and low
molecular weight dehydrins (15kDa) was found among individual plants. Likely to have a
pronounced seasonal dynamics of 15 kD dehydrin associated with frost resistance of plants as
opposed to 66-kD dehydrin. During the growing season15-kD dehydrin was completely absent at
the beginning of the fall season and in preparation for the winter dormancy reappeared. Dehydrin
15-kD attained a relatively stationary level by the end of phenological autumn — October in the
Central Yakutia. Found differences in the time of appearance and disappearance of low-
molecular dehydrins in individual specimens of plants.

Thus, in Central Yakutia in a dormancy period in P. sylvestris one-year needles was
found high level of stress proteins dehydrins. Dehydrinl5-kD cryolithozone plants can be
probably related with the process of extreme cold hardiness and can be used as a marker
cryoresistance.
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IF'EHETUYECKASA UBMEHUYUBOCTDB KEJIPA CUBUPCKOTI O (PINUS SIBIRICA DU
TOUR): CTPYKTYPA U B3AUMOCBSI3b HEUTPAJIBHOI'O M AJIAIITUBHOT' O
KOMIIOHEHTOB
IlerpoBa E.A., I'opomkesuu C.H.

NHCTUTYT MOHUTOPHUHTA KIMMAaTHYECKUX U 3Kkosiorndeckux cucteM CO PAH, Towmck;
e_a_petrova@mail.ru

[ToHsATHS «CIOMYIAMUA» U <«OKOTUI» BOIUIM B I€HETHUYECKYI0 TEPMHUHOJIOTHIO IOYTU
OIHOBPEMEHHO, B IepBOM 4erBepTH 20-TO BEKa, U JO CHUX IOP HMCHOJIb3YIOTCS MapaulenbHO,
MHOT/Ia HEOOOCHOBAHHO 3aMeHss Apyr aApyra. [Ipu ompeneneHUH MOMYNSLUU OCHOBHOE
3HA4YE€HUE OTBOJUTCS CIIOCOOHOCTH BKJIFOUEHHBIX B HEE 0COOEH CKpEIMBAThCs, BCIEICTBUE YEro
OHM HaxXOJIATCA B OIpPEAEICHHONW cTeneHu poxacTBa. [log 3KOTUIIOM MOHUMAIOT TIpPYyNILY
PENpPOSYKTUBHO COBMECTHMBIX 0CO0€H, y KOTOPBhIX B IIpOLECCE MPHUCIIOCOOIEHHS K YCIOBUAM
MECTOOOMTAaHUSI ~ BBIPAOOTANNCh  HACICACTBEHHO  3aKpeIUIEHHbIE  MOpP(OIOTHYEeCKHe,
¢duznonoruueckue, OMOXUMHUYECKUE U ApPYrue OCOOCHHOCTH. B Kakux ciyyasXx 3TH HOHATHUS
MOTYT OBITh NMPUMEHEHBI K MPOCTPAHCTBEHHO MHTEIPHUPOBAHHBIM COBOKYITHOCTSM OCOOEH, a B
Kakux — HeTr? OTBEeT Ha 3TOT BOIPOC MOXKET OBbITh IMOJIyYEH C MOMOILBIO OLEHKH BEIMYUHbBI
M3MEHYMBOCTHU HEUTpANbHBIX U aJallTUBHBIX IPU3HAKOB U3ydaeMbIX OpraHu3MoB. B xareropuio
«IIOIYJIALUS» MOMANAET IIUPOKUN CIIEKTP COBOKYIHOCTEM — OT HECKOJIBKMX JI€PEBBEB OJHOIO
BUJa, NPOU3PACTAIOMIUX IOOJU30CTM U OOMEHHBAIOIIMXCS TIE€HETHUYECKUM MaTepralioM
IOCPEJCTBOM IE€PEKPECTHOIO ONbUIEHUS, A0 TMOPUIHOIO KOMILIEKCa, 0Opa30BaHHOIO JABYMs
PenpoAYKTUBHO COBMECTUMBIMM BUJaMU. Pe3yiabTaThl MHOIOJIETHUX MCCIEAOBAHUNA THOPUIHOM
30HBl KelIpa CHOMPCKOrO M KeIpOBOrO CTJIaHMKa YKa3bIBAlOT Ha IIyOOKYIO HHTErpaluio
reHo(oH0B 3TUX BUAOB. 1o Bcel rpomanHoil 00IacCTH TEPEKPHITHS apeasioB, JBa 3TUX BUA
BMECT€ C THOpHIaMU pa3HbIX [OKOJEHUH OOpa3yroT eIuHble, XOTs M JOCTaTOYHO
cnenuduyeckne nmomymsanuu. [IpuMepoM CyIiecTBOBaHUS HECKOJIBKUX TMOYBEHHBIX YKOTHUIIOB B
npezenax OAHON MOMYJSIMU MOTYT CIYXKHUTb JIECOOOJIOTHBIE KOMIUIEKCHI KeJlpa CUOMPCKOro B
I0’KHOM MOJ30HE Talru. I'eHeTnyeckas noapasieIeHHOCTh MEX/1y BbIOOpKaMH U3 pa3HbIX TUIIOB
neca (oT cdarHoBbIX J0 pa3HOTpaBHBIX) HeszHauntenbHa (Fsr=0,04). D10 00ycnoBieHO
MHTCHCUBHBIM T€HETHYECKMM OOMEHOM Ha YpPOBHE HBUIBIBI M CEMSH MEXIYy MOUYBEHHBIMHU
DKOTHUIIAMHM, B TO BPEMS KaK MX pa3jvydus IO aJalTUBHBIM IPU3HAKAM OYEBMJHBI U JOCTATOYHO
BelnuKU. CxoacTBO (akTopoB OTOOpa B pPa3HBIX THIAX JIECOPACTUTENBHBIX  YCIOBUI
00yCJIOBIMBAET aJalTHBHYIO KOHBEPI'€HLMIO COOTBETCTBYIOIIMX (PparMeHTOB pa30O0IIEeHHBIX
nomymsiivii. B Tpex KeIpoBHMKax, OTCTOSLIMX JpYyr OT Jpyra Ha COTHHU KHJIOMETPOB,
00Hapy’>KEHO YBEIMYEHHE YaCTOThl PEIKOT0 ajuiens JIoKyca (OpMHATIAETHAPOreHas3bl B Tpynnax
JIEPEBbEB, MPOU3PACTAIONINX B JOJMHAX PEK, IO CPABHEHUIO C JE€PEBbSIMH, IPOU3PACTAIOIIUMU B
IIPUTEPPACHON dYacTH. OTO CBHUJAETENBCTBYET O CEJIEKTUBHOM 3HAYEHUM aJUIO3UMHOTO
nonruMopdusmMa B momyiasnusx — keapa  cuOupckoro.  [lomynsiuoHHas — MHTerpauus
KJIMMAaTUYEeCKUX OSKOTHIIOB Kejipa CHOMPCKOTO B pPAaBHMHHOW YacTH apeana 3aTpyAHEHa
OOJBIIMMHU PACCTOSHUSAMU. B ropHBIX e palloHaxX BBICOTHBIE, TO €CTh KJIIMMaTHYEeCKHE 1O CBOEH
CYTH, DKOTHIIBI MOTYT UMETh JOCTAaTOYHO BBICOKMH YpOBEHb MNOIYJSALIMOHHOW HMHTErpanuu 3a
cyeT oOMeHa reHaMu Ha CEMEHHOM YpOBHE. TeM He MeHee, MEX]Y BBICOTHBIMU SKOTHUIAMHU
HaOJIr01aeTCs BBICOKUM ypoBeHb Au(epeHIHauy M0 aIanTUBHEIM Mpu3HakaM. ONTHMAaIbHBIN
TEHOTUITMYECKUI COCTaB Ka)KJJOTO U3 BBICOTHBIX SKOTUIOB (hOpMHUpYETCS B KaXJIOM MOKOJIEHUU
nyTeM 0TOopa U3 «MECTHOT0» U MPUBHECEHHOTO T€HETHUECKOro MaTepuaa. CeBepHble SKOTUIIBI
Kelpa cuOMPCKOTo, MpUHAJISKAIINE K YpalbckoMmy u 3anagHo-CHOMPCKOMY CEKTOpaM apeaa,
[0 JTAHHBIM aHaJIW3a AJJIO3UMHON M3MEHUYMBOCTH, IPUHAUIEKAT Pa3HbIM I'pyNIaM MOy,
OPOUCXOIAIUX U3  Ypanbckoro u  Antae-CasHCKOTO IUIEHCTOLIEHOBBIX —PEePYruyMoB,
COOTBETCTBEHHO. O/IHAKO NPUCHOCOOIEHHE K IMPOU3PACTAHUIO B CHEIU(PUUECKUX YCIOBHIX
CeBepa (HH3Kas TEIIOOOECIIEUEHHOCTh M JIJIMHHBIN JIEHb) MPUBEIU K OOPa30BaHUIO CXOTHBIX
aJaNTUBHBIX TEHOTUIIMYECKUX KOMIUIEKCOB — aJalTUBHOM KOHBEPI€HLUHU MOMYJISILIMOHHBIX

137


mailto:e_a_petrova@mail.ru

rpyni. Takum oOpa3oM, B ipupoze HaOMI01aeTCs JOCTAaTOYHO IMPOKUIN TUAana3oH aganTUBHON
Y HEUTPAJIbHON M3MEHYHMBOCTH, COOTHOLIEHUE KOTOPBIX MO3BOJIAECT NUAarHOCTUPOBATDH Pa3JINYMs
MEX/y BEIOOPKaMH Ha TOIMYJISIIMOHHOM H/HIIM SKOTUITMYECKOM YPOBHE.

Paboma evinonnena npu yvacmuynoti noooepcke PODPU, epaum Ne 13-04-01649/a.

GENETIC VARIATION IN SIBERIAN STONE PINE (PINUS SIBIRICA DU TOUR):
STRUCTURE AND RELATION OF NEUTRAL AND ADAPTIVE COMPONENTS
Petrova E.A., Goroshkevich S.N.

Institute of monitoring of climatic and ecological systems, Siberian Branch of Russian Academy
of Sciences, Tomsk; e_a_petrova@mail.ru

Terms “population” and “ecotype” come to forest genetics contemporary in the first
quarter of XX century, and using in parallel, sometimes change each other groundlessly. The
most importance in determination of “population” is a degree of inhering individuals relationship
in consequence of mating. “Ecotype” is a group of reproductively compatible individuals, which
acquire similar inherited morphological, physiological and biochemical traits as result of
adaptation to environment of certain habitation. Are these definitions should be applied to
spatially integrated assemblage of individuals? We can answer this question if evaluate variation
of adaptive and neutral traits. “Populations* are broad range of assemblages — from several trees,
neighbor growing and have genetic material exchange by cross-pollination, to hybrid complex
consisted of two reproductively compatible species. Results of long-term investigation of
Siberian Stone pine (Pinus sibirica Du Tour) and Siberian Dwarf pine (Pinus pumila Pallas
Regel) hybrid zone indicate deep introgression of species gene pool. Across area of ranges
overlapping these species together with hybrids of different generations form unite, though
specific populations. Forest-bog complexes with Siberian Stone pine in south taiga can be taken
as an example of several soil ecotypes within the bounds of one population. Genetic subdivision
between samples of different forest types (from sphagnum peat moss forest to forbs forest) is low
(Fst=0,04). Low level of genetic subdivision results from high gene flow via seeds and pollen
between soil ecotypes, while its differentiation by adaptive traits is obvious and great. Similarity
of selection factors in certain forest type result in adaptive convergence of the population
fragment. In three forest stands studied we find increased frequency of rare allele of FDH locus
in Siberian Stone pine tree groups growing on river valley compared to groups growing on river
terraces. It is evidence of allozyme polymorphism selective advantage in Siberian Stone pine
populations. Integration of Siberian Stone pine climatic ecotypes in the plan part of range is
limited by great distances between them. In mountain regions, ecotypes growing at different
elevation are climatic, but its high integrated because of intensive gene exchange via seeds.
Nevertheless, high differentiation on adaptive traits between mountain ecotypes is observed.
Optimal genotypic structure of mountain ecotype is formed each generation through selection of
«local» and «introduced» genotypes. Northern Siberian Stone pine ecotypes allowing to Ural and
West-Siberian sectors of the species range have originated from different Pleistocene refuges
that confirmed by allozyme data analysis. At the same time adaptation to northern condition (low
temperature and long light day) results in formation of similar adaptive genotypic complexes —
adaptive convergence of populations. Thus in Siberian Stone pine we observed broad range of
adaptive and neutral traits variation, which proportion give capability to diagnose differentiation
between samples on population and/or ecotype level.

The study supported by RFBR grant Ne 13-04-01649/a.

PEIMPOAYKTUBHASA U30JISIHUSI U TEHETUYECKASA JTUOP®EPEHIIUALIUSA
CYXOJOJBbHBIX U BOJIOTHBIX MMOMYJISAIMM PINUS SYLVESTRIS L.
3ATIAJTHOM CUBUPHU Y PYCCKOM PABHUHBI
IlerpoBa U.B., Cannuxos C.H., Yepenanosa O.E.
boranmnueckuii cag YpO PAH, Poccus; botgarden.olga@gmail.com

OOmupHbBIE MacCUBbI TOJIOLEHOBBIX 0070T JecHol 30HBI CeBepHoit EBpasuu
NPEICTaBISIOT COOOM KAayecTBEHHO HOBYIO aJanNTHBHYIO 30HY JUIS TOMYJSIMA COCHBI
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oObikHOBeHHO# (Pinus sylvestris L.), paccensBmuxXcs Ha ceBep U3 IUICHCTOLICHOBBIX
pedyruymoB. Cornacao napagurme XX B. (Kobpanos, 1912; A6Gomun, 1915; Cykaues, 1934;
[TpaBmun, 1964; Bo6pos, 1978), MmHOr0OOpa3HBIe MOP(HEI COCHBI OOBIKHOBEHHON Ha 00J0Tax —
He 0oJiee, YeM «IIOYBEHHBINA SKOTHUIN, TCHETUYECKU UCHTHUYHBINA €€ CyXO0J0IbHBIM MOCEICHUSIM.
[To3nHee B uTore maneoOOTaHUUECKUX, IKOJIOTUYECKUX, (PEHOIOTUYECKHUX, (DEHOTUIMHMUYECKUX U
AJUIO3MMHBIX UCCIeA0BaHUN HaMu Oblia npescka3ana (CaHHUKOB U 1p., 1976), a 3aTeM OTKpbITa
¥ Pa3HOCTOPOHHE M3y4YeHa B Pa3MYHBIX Moja30HaX 3amamHoii Cubupu u Pycckoli paBHHUHBI
(I'pummnaa, 1979; 1985; IlerpoBa m ap., 1989, 2013; Ilerpoa, Cannmkon, 1996, 2001,
Cannukos, IlerpoBa, 2003, 2011; u nap.) orueryiuBas (QeHONOTHYECKAass PENpPOTyKTUBHAS
U30JSIIIMS M TeHETHYecKas rpaHuiia MeXIy moceineHusmu Pinus sylvestris ma cyxomonax u
CMEXXHBIX BEpXOBBIX 00JI0Tax. B uTore ncciaenoBaHuii, MOXKHO CAENATh CIEAYIONIUE BBIBOIBI.

[Io pexumam Bcex (akTOpoOB TMOYBEHHOM cpeabl (coAepaHUIO BJaru, rymyca,
KHCIIOPO/1a, JIEMEHTOB KOPHEBOTO MHUTAHUS U T.lI.) COCHSIKUA Ha 00J0TaX, 0COOCHHO BEPXOBBIX,
CYIIECTBEHHO OTJWYAIOTCSI OT CyXonoibHbIX. Ha rore necHoit 30Hbl 3amamHoit Cubupu
IKOJIOTHYECKUI MHHUMYM JUTsl Hadania pocta kopHel (5° C) u perodaspl MbUICHUS - KIIBETCHHSI
JIEPEBbEB COCHBI HA BEPXOBBIX OosoTax HacTymnatoT Ha 10-20 nHel, a HA MepexoaHbIX Ha 5-15
THEH mo3mHee, yeM Ha cyxonaonax. CrencrtBueM sBIsSETCS CTaOWIbHAS PENPOTyKTHBHAS
dbeHonmornyeckass U3OJAIMS MEXAY MOMYJISIUSIMU COCHBI Ha BEPXOBBIX 00JOTaX M CyXOJ0JIax,
BO3pacTaollas ¢ yBEJIMYEHHEM KOHTHMHEHTalIbHOCTH kimMmaTa — ¢ 20-30% Ha ceBepe Pycckoit
paBHUHBI 10 90-95% Ha rore 3anannoit Cubupu (B MEHbIICH Mepe MEXy MOCEICHUSIMHU COCHBI
Ha MEePEXOHBIX 0OJIOTaX U CyXOA0Jax).

[To naHHBIM aJUIO3UMHOIO aHajW3a, B CBSA3U C PEHNPOAYKTUBHON M30JIALIUEN (R2 = 0.52)
renernyeckue auctanimu Hew (Nei, 1978; DN7g) Mexay CMEXHBIMU MOMYJISIIUAAMH COCHBI Ha
CyXOJloJlax M BepXOBBIX OosoTax goctoBepHo BospacTtatoT ¢ 0.004-0.007 B ceBepHoOii Taiire
3anaanoi Cubupu u Pycckoit pasuuns g0 0.009-0.011 B npennecocTenu, rje JOCTUTAIOT paHra
CpeIHe TOoapa3AeIeHHBIX Moy asiui. [louTn Bo BCEX IKOTOHAX CYXOJOJIOB U BEPXOBBIX OOJIOT
(B MEHbILIEH CTEMEHH — MEPEXOAHBIX) BBIABISETCS PE3KUil TPaJMEHT TeHETUYECKUX TUCTaHIIHMI
Mexay nomymsimusMu. B To ke Bpemst DNzg Mexay MOYTH CHHXPOHHO <«IIBUISIIIMI
JIPEBOCTOSIMH B Tpeaenax ©0ojor win cyxononoB He mnpesbimaroT 0.002-0.005, T.e. panr
cyononynsiiiuii. CpaBHUTEIBHBIN aHaTU3 KOMIUIEKCa (DEHOTUIMMYECKUX MPU3HAKOB HATYPHBIX
MNOMYJSIIIMA M TOCEBOB HMX IOTOMCTB C BepXOoBOoro 00JioTa M CyXooja Ha TIIATEIbHO
BBIPABHEHHOM JKO(OHE TMeCYaHOW TMOYBBI CYXOJI0JIa TOKa3al UX BBICOKO JIOCTOBEPHYIO
nuddepeHnuano, ocoO0eHHO MO TMapameTpaM MopdoreHe3a BCXOJ0B, KOpHEH, KPOHBI U
PEeNPOIYKTUBHBIX OPTaHOB JIEPEBHEB.

B utore 006001ieHuss pe3ynbTaToB SKOJOTO-TEHETHUECKUX HCCIeIOBaHUI B 3amaaHoii
Cubupu u Ha Pycckoii paBHUHE Ha 0a3e MPUHIIUIIOB JEAYKTUBHOTO BBIBO/Ia 0OOCHOBaHA TEOPHS
JTUBEPTEeHIIMU OOJIOTHBIX TOny/siiui P. SylVestriS oT cyxXxo0JbHBIX B TOJIOIEHE MO BIUSHHEM
JTU3PYNTUBHOTO OTOOpa, PEMpPOAYKTUBHOW H3OJSIIUU W JIPYrHUX (PAKTOPOB MHUKPOIBOIIOIUU
(Cannukos, Ilerpoma, 2011; IlerpoBa u ap., 2014). Ee reHeruyeckue, KOJOTUYECKHE H
reorpaduueckre cleCTBUS OATBEPKACHBI OOJIBIIMHCTBOM H3BECTHBIX (haKTOB.

AKTyaJIbHBIMU TIPOOJIEeMaMH JTaTbHEHIIIEro pa3BUTHS H3yUeHUS OOJIOTHBIX TMOIYJISIIAN
COCHBI OOBIKHOBEHHOU SIBIITFOTCSI 0OOCHOBAaHHME MX T€HOTAKCOHOMHYECKOTO CTaTyca, METOJIOB
KapTorpadupoBaHUs ¥ UCIIOIL30BAHUS B IECHOM CEMEHOBOJICTBE, CENICKITNH U THOPHUIU3AIIHH.

Paboma evinonnena npu nooodepoicke Ilpoepammovl hyHOaMeHMATbHBIX UCCIE008AHULL
YpO PAH (Ne 15-12-4-13).
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REPRODUCTIVE ISOLATION AND GENETIC DIFFERENTIATION OF DRY LAND
AND BOG PINUS SYLVESTRIS L. POPULATIONS IN WESTERN SIBERIA AND
RUSSIAN PLAIN
Petrova 1.V., Sannikov S.N., Cherepanova O.E.

Botanical Garden, Ural Branch of Russian Academy of Sciences, Russia;
botgarden.olga@gmail.com

Vast massives of Holocene bogs of Northern Eurasian forest zone represent a qualitative
new adaptive zone for Scots pine populations (Pinus sylvestris L.), settled to the north out of
Pleistocene refugiums. According to 20th century paradigm (Kobranov, 1912; Abolin, 1915;
Sukachev, 1934; Pravdin, 1964; Bobrov, 1978) diverse morphs of Scots pine at bogs are not
more than “soil ecotype” genetically identical to its dry valley settlings. Later, in the result of
paleobotanical, ecological, phenological, phenotypical and allozyme researches we predicted
(Sannikov et al., 1976) and then discovered and many-sidedly studied in different subzones of
Western Siberia and Russian Plain (Grishina, 1979; 1985; Petrova et al., 1989, 2013; Petrova,
Sannikov, 1996, 2001; Sannikov, Petrova, 2003, 2011; et al.,) a distinct phenological
reproductive isolation and genetical border between settlings of P. sylvestris in dry land and
adjacent high bogs. As a result of the researches one can make the following conclusions:

Judging by conditions of all the factors of the soil environment (contents of moisture,
humus, oxygen and content of the elements of root nutrition e.t.c.) pine forests on the bogs,
especially on the up-high bogs, differ extremely from the ones on the waterless valleys. In the
south of Western Siberia forest ecological minimum for roots growth (5° C) begin and pollen-
flowering phenophases of pine trees on the high bogs come 10-20 days and on the transitional
ones 5-15 days later than on the dry land. The consequence is stable reproductive phenological
isolation between pine populations at the high bogs and at the dry land which increase with
increasing continentality of climate — from 20-30% in the north of Russian Plain to 90-95% in
the south of Western Siberia (lesser between pine settlings on the transitional bogs and dry land).

According to the data of allozyme analysis, in connection (R = 0.52) with reproductive
1solation, Nei’s genetic distances (Nei, 1978; DN) between adjacent pine populations on the dry
land and high bogs authentically increase from 0.004-0.007 in the northern taiga of Western
Siberia and Russian Plain to 0.009-0.011 in for-forest-steppe, where they reach the rank of
mean-subdivided populations. The sharp gradient of genetic distances between populations is
revealed almost in all ecotones between of dry land and high bogs (less — in transitional ones). At
the same time DN among almost synchronously “pollening” stands within bogs or dry land do
not exceed 0.002-0.005 i.e. the rank of subpopulations. Comparative analysis of a complex of
phenotypical traits of natural populations and sowings of their off springs from a high bog or a
dry land onto carefully smoothed ecobackground of dry land sand soil showed their highly
statistically significant differentiation, especially on parameters of morphogenesis of shoots,
roots, crowns and reproductive organs of trees.

As a result of generalization of ecology-genetical research data in Western Siberia and in
Russian Plain on the base of deductive conclusion principles, the theory of divergence of P.
sylvestris bog populations from the dry land ones in Holocene under the influence of disruptive
selection, reproductive isolation and other factors of mycroevolution was based (Sannikov,
Petrova, 2011; Petrova et al., 2014).1ts genetic, ecological and geographical consequences are
confirmed by the majority of known facts.

The actual problems of further development of Scots pine bog populations study are the
substantiation of their genotaxonomic status, methods and using in forest seed-growing, selection
and hybridization.

The work is done under the support of the Programme of fundamental researches of the
Ural Division of Russian Academy of Sciences (Vel5-12-4-13).

140



HONMYJAIAMOHHO-TEHETUUYECKHUE ®AKTOPHI IPOCTPAHCTBEHHOMN
JTUDOEPEHIIUMAIIMA HA APEAJIAX XBOWHBIX ITAJIEAPKTUKHA
IMoauron /I.B.

HNucturyr obuieit reneruxu uMm. H.W. BaBuiiosa PAH

[MpencraBnennss o guddepeHIMANUA BUAOBBIX TEHO(MOHIOB XBOWHBIX PACTCHHIA,
UEePapXUUECKOM OpraHM3aluy IMOMYJIALUOHHBIX CHCTEM M O IMPOUCXOAALIMX HHUX IPOLECccax
TpaHC(OPMHUPOBATUCH IO MEPE HAKOIJICHUS TEOPETHUYECKUX U IMIUpPUYECKUX 3HaHuil. Ocobyro
POJIb B 3TOM UI'PAOT JAHHBIE, IOJYYEHHBIE C IOMOIIBIO MOJIEKYJIIPHBIX METO0B, I03BOJIAIOLIIE
KOJIMYECTBEHHO  OLICHMBATh  IIapaMeTpbl T'€HETUYECKOM  CTPYKTypsl  nomyisuuii. B
HOMYJISUOHHONW T'€HETHKE XapaKTePUCTHKAMH IOJPA3/IEIEHHOCTH SBIIAIOTCA CTaTUCTUKM Fsr,
Gst, Rst, Nst W aHamoruysnele, HMEIOLIME OOIIMH CMBICH JOJIHW MEXIONYJISIIMOHHON
KOMITIOHEHTHI B 0011el N3MEHYUBOCTH BHJA. J[osroe BpeMs B JIECHOH I'€HETHKE TOCIOACTBOBAIN
IPEJICTaBICHUS] O MOYTH HEOTPAaHMUYEHHOM NAaHMHKCUU B HOMYJSLMSIX JIPEBECHBIX PACTEHUU.
OHM OCHOBaHBI Ha BUIUMOM OTCYTCTBUH CYIIECTBEHHBIX IPErpaj Ajsl OTOKA FE€HOB B IIpejieiax
LEHTPAIBHONW YacTH apeajoB, aHEMO(PUILHOCTH OOJBITMHCTBA BUIOB, 4 Y MHOTUX CEMEWUCTB U
pacrpoCTpaHEHUH CeMsH ¢ Momollblo Berpa (aHemoxopuu). Illupokas Hopma peakuuu
JIEPEBbEB, OTHOCUTENIBHOE OJIHOO0pAa3ue SKOJIOIMUECKUX YCJIOBUM Ha OOJbIIEH YacTH apeayioB
OPUBOAUT K (DOPMUPOBAHHIO MPOTSKEHHBIX, NPAKTUUYECKH HENPEPHIBHBIX HACAXKICHHUH, YTO
CIOCOOCTBYET MHTEHCHBHOMY MOTOKY TeHOB. [lomynsimonHas cTpykTypa Buja GopmMupyercs B
pesyibrare OamaHca (akTopoB, JeicTBYrOIMX pa3HOHampaBieHo. OnHa rpymnmna (GakTopoB
CIIOCOOCTBYIOT ~HMHTErpamuu TeHo(oHma, BTOpas — TOW WM WHOH CTENEHH €ro
npoctpaHcTBeHHON auddepenumanuu. K dakropam mnepBoil rpynmsl OTHOCATCS MUIpALUs U
Oanancupyrommii (B Oosiee o0mem cMmbicie — craduusupyromuii) otoéop. Ko Bropoii rpymnmne —
MYTaIMOHHBIN polecc, Ipeli( reHOB NpHU NEPBUUHOM pacceiaeHuu («d3PpPEeKT OCHOBATENA») WK
IIPU PE3KOM IMaJE€HUM YUCIEHHOCTH HOMYJALUU («OYTBUIOUHOE TOPJIBIILIKOY), AU3PYNTUBHBIN (B
Oonee oO0meM cmbicie — pa3HooOpassaumii) ordop. DakTopaMu, CIOCOOCTBYIOIIUMHU
muddepeHIMalny, TakkKe SBIAIOTCS (u3nyeckue, (PeHoIornyeckrue, STOJOTHYECKUe U Mpodne
MEXaHU3MBbl M30JISILIMM, HAJM4YME I'PaJMEHTOB CPENOBBIX MapaMeTpoB, MO3AaUYHOCTh YCIIOBHH,
rudpuamM3anys ¢ JpyTMMH BUAAMU Ha Kpasx apeayia. MeXIOKYCHbIE pa3ivuus B 3HAYEHMSIX
Fs1/Gst, a Takke HapacTaHHE CPETHENOMYISIIMOHHON T'eTepPO3UTOTHOCTH Ha MO3IHHUX CTaHsIX
pPa3BUTHUS TO3BOJISIIOT CYAMTb O TPOTEKAHUU CEJIEKTHUBHBIX IIPOLIECCOB, BBIUWICHUTHh U3
npeoOagaromeil Macchl HEUTPAIbHBIX MApKEPOB T€, KOTOPbIE WM CAaMH BOBJIEUYEHBI B POLIECCHI
aJanTalyu, WK CIEIJIEHBI C a/IallTUBHO Ba)KHBIMHU I'€HaMHU.

BuytpuBunoBas renernueckas auddepenunanus xBoHbx [laneapkTuku (COCHbI, ey,
MUXTBI, TUCTBEHHHUIIBI) IO SIEPHBIM MapKepaM B [IEHTPAIbHOW YacTH apeaioB He MpeBbimana |-
6%, a Ha OKpaMHax apeajoB, B OCTPOBHBIX MOMYJSAIUAX, B pETMOHAX ¢ HEOOBIUHBIMU /ISl BUJA
YCIIOBHSIMHU, B 30HaX HMHTporpeccun Obuia cymiecTBeHHO Beime (4-12% u Oonee). B menom
MHTETPAllMOHHBIE MPOIECCHl MpeodianalT B sApe apeana, AuddepeHIuanoHHbIE — Ha
nepudepun. B TOo ke Bpems reorpaduueckd MapruHaJbHbIE IONYJISIUU HE BCerja
O0OHapY>KUBAIOT CTOJIb PE3KHE PA3INYUA OT siApa FreHO(OH 1A, KaK KOJIOTUIECKH KOHTPACTHBIE.

POPULATION GENETIC FACTORS OF SPATIAL DIFFERENTIATION ACROSS
THE RANGES OF PALEARCTIC CONIFERS
Politov D.V.
N.I. Vavilov Institute of General Genetics, Russian Academy of Sciences

Views on the differentiation of the species gene pools in conifer trees of the Palearctic,
hierarchical organization of their population systems and underlying genetic processes have been
transformed over years in process of accumulation of theoretical and empirical knowledge. The
data obtained by molecular tools play the key role in quantification of population genetic
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structure parameters. In population genetics, subdivision among populations is measures by Fsr,
Gst, Rst, Nst and analogous statistics with general sense of proportion of interpopulation
component of variability in the total variation of a species. Ideas on in limited panmixia in forest
trees populations dominated in forest genetics for a long time. These views are based on a
seeming lack of substantial barriers for gene flow in the central parts of species ranges, wind-
mediated pollen and seed dispersal. Broad reaction norm, relative uniformity of living conditions
across large part of the species range leads to formation of extensive practically continuous
stands that favors intensive gene flow. Population structure of a species is a result of balance of
factors acting in alternate directions. One group of factors promotes integration of gene pools
while the other facilitate spatial differentiation. First group of factors include migration and
balancing, or, in more general sense, stabilizing selection. The second group comprise mutation,
genetic drift at dispersal («founder effect») of during population size reduction («bottlenecky),
disruptive (in general sense diversifying) selection. Physical, phenological and other mechanisms
of isolation as well as gradients or mosaics of environmental conditions, hybridization with other
species on the range edges also contribute to differentiation. Inter-locus variability in Fst/Gst
values and increase of population heterozygosity from early to late ontogenetic stages encourage
dissection of selective processes and revealing adaptive genes among the prevailing massive of
neutral markers.

Intraspecific genetic differentiation in Palearctic conifers (such as pines, spruces, firs, and
larches) by nuclear markers in the central parts of their ranges did not exceed 1-6%. At the same
time differentiation at species margins, in isolated (island) stands, in the regions with unusual
conditions, and in introgression zones was substantially higher, 4-12% or even more. Integration
processes generally predominate in core part of a range while differentiation prevails at the
periphery. Geographically marginal populations do not always demonstrate the same high
differentiation levels as ecologically contrasting stands.

CTEJIOIMECS BUJbl COCHOBBIX KAK ITPOAYKT 3BOJIOIMOHHOI'O
HOMOTEHE3A Y ATANITUBHON KOHBEPTEHIIUN
IonoB A.T'., 'opomkeBuu C.H., CysizoB H.C., XyTopnoii O.B.
WHCTUTYT MOHUTOpPUHTA KIIMMaTH4YeCKUX U akonorudeckux cuctem CO PAH, Poccusi;
popovaleksa@yandex.ru

B cemeiictBe cocuoBbie (Pinaceae) abcomoTHO MpeodasaloT BUABI C KU3HEHHOU
dopmoit mpsimocTosiyero AepeBa. Cremounmxcss cyOanbIUHCKUX BHIOB BCETro TpU. ITO
keaposeiii ctimanuk (Pinus pumila (Pall.) Regel) ¢ orpomubiM apeanom B ropax Bocro4noit
Cubupu u Jlansrero Bocroka Poccun, cocna ropuas (Pinus mugo Turra.) ¢ apeaiom cpeiHero
pa3mepa B ropax EBpomnsl u enb cremorascs (Picea prostrata Isakov) ¢ mokansHbIM apeaioM B
CeBepHom Tsup-lllane. Buapl ¢ mpoMexyTO4yHOH >KM3HEHHOH (OpPMOIl OTCYTCTBYIOT, YTO
MO3BOJIIET paccMaTpUBaTh CTEIIOLIUECS BUABlI KaK MPOAYKT 3BOJIOLMOHHOTO HOMoreHesa. Tpu
CTEJIIOIIMXCS BUJA TOSBWIMCH HAa PA3HBIX BETBAX (DUIOTEHETHUYECKOTO JpeBa COCHOBBIX B
pasHbIx pernoHax EBpa3suum, HO pa3BUBAJIUCh B OYEHb CHEHU(PUUECKUX  YCIOBHSIX
CyOabUICKOr0 KpPUBOJEChS, YTO IIO3BOJIAT paccMaTpuBaThb HMX TakkKe M Kak MPOAYKT
aJlanTUBHON KOHBepreHIMU. Ha rpanuiie JecHOro u cy0anbuiCKOTO MOSICOB CTETIONINECS BHUIBI
COBMECTHO NPOM3PACTAIOT U TUOPUIAM3UPYIOT € HMX HPSAMOCTOSYUMH «POJCTBEHHHKAMM»:
keapom cubupckuM (Pinus sibirica Du Tour), cocroii 00bikHOBeHHOI#T (Pinus sylvestris L.), enbro
HlIpenka (Picea schrenkiana Fisch. & C.A. Mey.). Llenb paboThl — KOMIUIEKCHOE CPaBHUTEILHOE
UCCIIeIOBaHHE OIM3KOPOACTBEHHBIX YIOMSHYTBIX BBILIE MPSIMOCTOSYUX U CTENIOIINXCS BUAOB, a
TaKXKe€ €CTECTBEHHBIX W HCKYCCTBEHHBIX THOpPHIOB MEXIy HHUMH, C I€JIbIO BBIABICHUA
CTPYKTYpbI pa3HOOOpa3us B 3TON MOJIEIbHON CHCTEME.

Jns oOpa3zoBaHMs CyOaqbMUICKUX CTENIOIUXCS BHUJIOB U3 JIECHBIX MPSIMOCTOSYHX
JIOCTaTOYHO OJHOIO E€AMHCTBEHHOIO NPHUHLMIIHAIBHOIO HOBOOOpa3oBaHUs: H30MpPATEIbHOIO
aNMKaJbHOTO JOMMHHMPOBAHMS B CHCTEME BETBIEHUA. Y NPAMOCTOSYMX BHJIOB ITO XapaKTEPHO
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JMIIb JUIS 3aBEPIIAIOIIMX 3TANOB OHTOreHes3a. CTenomuecs: BUIbl, 10-BUANMOMY, IIPOU30LLIH
OT MIPSIMOCTOSYMX CIIOCOOOM BBINAJEHHUSA W3 OHTOTE€HE3a BCEX ITanoB, kpome nocieaHero. C
NEPBBIX JIET JKM3HU U HA BCEM €€ MPOTSHKEHUM [ HUX XapakTepHbl H30upareabHOe
JOMUHUPOBaHWE W BBbI3BaHHAs UM IIOJMIIOJISPHOCTh CUCTEMbI BETBIEHMs. Bce ocraibHble
MopdoJorHuecKue U (HU3MOIOTUYECKUE PAa3IUYHs SBIAIOTCS MPOU3BOJAHBIMU, BTOPUYHBIMH.
OnHM MOryT OBITh KaK OJMHAKOBBIMU Yy CTENIOLIUXCS BUJIOB, TaK U CYIIECTBEHHO pa3ivyaTbcs B
3aBHCUMOCTH OT MCXOJJHOM Ir€HEeTHYECKOH OCHOBBI U Pa3HOOOPa3ns IKOJIOTHUECKUX YCIOBUH.

B o6eux ruOpuaHBIX 30HaX HPOAYKTHl THOPUAM3ALUU BCTPEUYAIOTCS HPUMEPHO
OJIMHAKOBO 4acTO. Y 5-XBOWHBIX COCEH TMOpHBI 1-rO MOKOJEHMS Yaimie 00pa3yroTCs M JTydlle
BBDKUBAIOT. Y 2-XBOHHBIX COCEH T'MOpUIBI 00pa3yloTcs pexe, HO aKTUBHEH Y4acTBYIOT B
NOMYJISIIMOHHBIX IpolleccaX KAaK Ha CEMEHHOM, TaKk M Ha IbUIbLIEBOM YpoBHE. PeanbHOro
BUJ000pa30BaTEIbHOTO MOTEHIMaNa TuOpuAbl, BUIUMO, HE HMEIOT. /[l JepeBbeB ¢
IPOMEXYTOYHOU KM3HEHHOW (POPMON MPOCTO HET CBOOOIHON HKOJIOTMYECKON HUIIK. DTO HE
UCKJIFOYAT CETYaTOr0 KOMIIOHEHTA BOJIIOLUM: MEX1Y MPSIMOCTOSYMMHU U CTEIOIIUMUCS BUIaMU
IIPOUCXOJUT aKTUBHbBIN I'€HETUUYECKUI OOMEH, UTO YBEIMUYMBAET '€HETUUECKOE pa3HOOOpasue 1
pacumMpsieT aJanTUBHYIO HOpMY KaXJ10Tr0 U3 BUJIOB.

XusnenHas ¢opma CTIaHIIa CIIOCOOCTBYET OCBOCHHIO OYCHBb Pa3HOOOPa3HBIX (B TOM
qucie, KOHTPACTHBIX) SKOJIOTMYECKUX HMIL, HEMPUTOJHBIX Ul CYLIECTBOBAHMS MPSIMOCTOSYUX
BUJ0B. KiMMmarnyeckuii U NMOYBEHHBIM apeaibl B KOOPJAMHATHOM CHUCTEME M3 JBYX Haumbolee
3HAYUMBIX OCei (TerI000eCeYeHHOCTH M KOHTHMHEHTAJBHOCTH KIJIMMaTa, KHCIOTHOCTH U
YBII&)KHEHUSI TIOYBBI) y Kelpa CHOMPCKOrO MPEACTABISIOT COOOW OTHOCHUTENFHO HEOOJbIIHNe
KPYI'H, a Yy KEIpOBOIO CTJIAHMKAa — KOJIbLIA, BHYTPEHHSS OKPYXXHOCTb KOTOPBIX NPUMEPHO
COBIIAJAET C TPaHUIIAMH KEIPOBBIX KPYroB, HApYyKHAs jK€ MMEET 3HAUUTEIbHO OOJIBIINI paJnyc.
[Tpeobnananue auddepeHIUPYOMMUX WX UHTETPUPYIOLIMX TeHO()OH TeHASHIIMNA IPUBOIUT K
TOMY, YTO BHYTPU- U MEXKIIONYJISUOHHAS U3MEHYMBOCTH MOP(OJIOrHYECKUX (B TOM YHUCIE,
a/IalITUBHBIX ) IPU3HAKOB Y KEIPOBOT'O CTIIAHMWKA 3HAYUTENIBHO BBIILIE, YEM Y KeJlpa CUOMPCKOTO.

DWARF PINE SPECIES AS A PRODUCT OF EVOLUTION NOMOGENESIS AND
ADAPTATION CONVERGENCE
Popov A.G., Goroshkevich S.N., Suyazov N.S., Khutornoy O.V.
Institute of monitoring of climatic and ecological system, Siberian Branch of Russian Academy
of Sciences, Russia; popovaleksa@yandex.ru

Species with a life form of upright tree are absolutely prevalent in the pine family
(Pinaceae). There are only three dwarf subalpine species. It Japanese stone pine (Pinus pumila
(Pall.) Regel) widely distributed in the East Siberia and the Russia Far East mountains, Swiss
mountain pine (Pinus mugo Turra.) with medium-size natural habitat in the European mountain
and prostrate spruce (Picea prostrata Isakov) with local natural habitat in the north Tien-Shan.
Species with the intermediated life form are absent, that allow considering the prostrate species
as a product of evolution nomogenesis. Three prostrate species originated on the different
branches of phylogenetic pine tree in the different European region, but it’s developing in very
specific habitats of subalpine elfin woodland, that allow considering it’s just as the product of
adaptive convergence. Prostrate species are growing and hybridize on the limit tree and
subalpine belts together with its upright “relatives”: Siberian stone pine (Pinus sibirica Du
Tour), Scots pine (Pinus sylvestris L.), Schrenk's spruce (Picea schrenkiana Fisch. & C.A.
Mey.). The aim of a present research is a comprehensive comparative investigation of closely-
related above said upright and prostrate species, and also natural and artificial hybrids among
them for the purpose of to reveal of structure diversity in this model system.

For the generating subalpine prostrate species from the forest upright ones is sufficiently
a single principal neo formation namely the selective apical dominance in it branching system. In
upright species this phenomenon appears on the last stages of ontogenesis. The prostrate species,
apparently, originated from upright ones way falling-out from ontogenesis of all stages except
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the last one. During the first years of life and all of it time the prostrate species characterized by
selective dominance and producing it the multi-polarity of branching system. All the others
morphological and physiological differences are appear derivative, secondary. They may be both
the same in prostrate species as considerably differenced depending on the initial genetical base
and diversity of ecological conditions.

The hybridization products appeared approximately equally in both hybrid ranges. The
hybrids of first generation in 5-needle pines are frequently appeared and survived. The hybrids in
2-needle pines appeared rare, but more active take part in population processes both on seed as
on pollen level. The hybrids, apparently, are having not real potential of speciation. The free
ecological niche is quite absent for trees with intermediated of life form. This is not except of
reticular component of evolution: the active genetic exchange is occur between upright and
prostrate species, that is increased the genetic diversity and adaptive norm to each species.

The prostrate life form is enabling to adaptation by very different (including contrasting)
ecological niches, unfit for existence upright species. The climatic and soil natural habitat in
coordinate system from two most significant axes (of heat availability and continentality of
climate, acidity and humidification of soil) in Siberian stone pine are corresponding relatively a
not great circles, while in Japanese stone pine — a rings, interior circumference of which
approximately to coincide with the boundaries of Siberian stone pine circles, whereas the
external one have a significantly greater radius. Prevalence of differentiated or integrated the
gene pool tendencies result in intra- and interpopulation variability of morphological (including
adaptive) features in Japanese stone pine considerable higher, than in Siberian stone pine.

HONMYJAINNOHHAS CTPYKTYPA U COXPAHEHUE T'TEHO®OHIA COCHbI
OBBIKHOBEHHOM HA YO)KHOM YPAJIE
Iyrenuxun B.II.
Boranunueckuii cag-uHcTUTYT Y prMckoro HayuHoro entpa PAH, Poccust; vpp99@mail.ru

OcHOBHOH 11enbl0 pabOThI SBIISAJICS aHAIM3 MOMYISIMMOHHON nuddepeHuuanuy COCHBI
obbikHOBeHHOU (Pinus sylvestris L.) ma tepputopun FOsxnoro Vpana u I[lpuypanbs B ruiaHe
TEOPETUYECKOr0 OOOCHOBAaHUS Mep MO COXPaHEHHIO TeHO(OHJa BHJA HA MOMYJALUOHHON
ocHoBe. COOTBETCTBEHHO MPOCTPAHCTBEHHON CTPYKType apeana OblUIo BbIAENEHO 20 OCHOBHBIX
paiioHOB OOMTaHUSI COCHBI OOBIKHOBEHHOM, B KOTOpBIX INpOW3BeNeHa 3akiaaka 43 NnpoOHBIX
wiomaneid. M3ydensl 17 KONMYECTBEHHBIX M KAYECTBEHHBIX MOP(OJIOTHYECKHX MPU3HAKOB
TeHEePAaTUBHBIX OPraHOB (LIHUILIEK, CEMEHHBIX YEIyi U CEMsH).

C wucnonp30BaHUEM Pa3HOOOPA3HBIX OMOMETPUYECKUX TMOAXOJOB, B TOM YHCIIE
MHOT'OMEPHBIX ObUIH BBIJIENIEHBI 3 IPYIIIbl BHIOOPOK, HHTEPIIPETUPOBAHHBIX KaK (DEHOTUITHYECKU
nuddepeHrpoBaHHbple  OMOJOTUYECKUE TMONYysAuu. B CcOOTBETCTBUM C reorpaduueckum
IIOJIO)KEHUEM OHHU Ha3BaHbl T'OPHOM HOKHOYPAIbCKOM MOMYJSILMM, PaBHUHHO-IIJIOCKOIOPHON
npenypainbckoi  (benbcko-Kamcko-Ydumckoit) — momyssiuei,  XOIMHCTOM — 3amajgHo-
npenypainbckoir (byrynpmuHcko-benebeeBckoit) momymsmueit. [lepBas u3 HUX mpeacTaBieHa
Haubosee KpymHBIMU MO TUIOMIAAN MECTOOOMTAHUSIMH COCHBI OOBIKHOBEHHOH B IIEHTpalbHOMN
yactu bamkupckoro n Yensounckoro FOxnoro Ypana, 3aypainss, 3UIaupcKoro miaro (0xHas
OKpanHa YpaJlbCKUX TOp), a TaKkKe MPeaypaJbCKUMHU OCTPOBHBIMU ydacTKaMH MecsAryToBCKOM
JI€COCTENM M BOCTOYHOM OKpauHbl Y (UMCKOro IuiaTo. PaBHMHHO-TJIOCKOTOpHAsl MOMYJISIHS
pacrionaraeTcsi B Ipejenax BbIpoBHEHHOro benbcko-Kamckoro mexaypeubs u mo p. Yoe
(3amagHbIi Kkpait Ydumckoro riaro). HakoHen, TpeTbs (3amagHO-TIpeaypalbCKasi) MOMYIISIUsI
MpEJICTaBICHa MEJIKMMH DPa3pO3HEHHBIMH y4YacTKaMHU COCHOBBIX HacaKIeHHil byrynbmuHCcKo-
benebGeeBckol BO3BBIIIEHHOCTH; OT OCTAJbHBIX TMONYISIIMA OHAa OTAeNeHa OOUIMPHBIMU
JIECOCTEMHBIMU, JINIIEHHBIMU COCHBI, TPOCTPAHCTBAMH.

B 0o0mmpHO# 1o mII0Iaau ropHOM MOMyJISLUY IUIIKH U CEeMEHA HECKOJIBKO MPEBBIIIAIOT
0 KPYMHOCTH M Macce cOooTBeTcTBYyRoune mnokasarenu ans Cpennero u CeBepHoro VYpana.
Bwmecrte ¢ TeM, OHa 3aMETHO YCTYNAET B 3TOM OTHOILIEHWH OCTPOBHBIM IOMYJISIIMSIM COCHBI U3
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HanOosee 10KHOM JecocTenHoi yactu apeana (Kazaxcran). [Io kauecTBEHHBIM NMpH3HAKaM 3Ta
nonyasnus (MO CpaBHEHUIO C ABYMS APYTMMH) XapaKTepu3yeTcs MEHbLIeW [oneil y3ko-
KOHYCOBHUJHBIX, W OONbLICH — IIHPOKO-KOHYCOBHIHBIX INHUIIEK, 00Jee BHIPOBHEHHBIM
COOTHOILIEHUEM IU1aAkol 1 Oyropyartoii (opM anodusa, a Takke Bapuauil no popme ocHOBaHUS
HUTKa. B paBHUHHO-IIJIOCKOIOPHOW MOMYJISILIMKM HA0JII01aeTCsl YBEIUYEHNE JJIMHBI IIUIIEK TPU
napajyieIbHOM YMEHbIICHUH UX IIMPUHBI; AJIMHA YLyl 3/1eCh TaKXkKe BO3pacTaeT, TOraa Kak ux
YHUCJIO0 CpPaBHUTEIbHO CHMKaeTcsl. (OTHOCHUTENbHBIE MPU3HAKU SBISAIOTCA IJIaBHEHILIMMU
XapakTepUCTUKAMH, JUCKPUMHHUPYIOIIMMHU JAHHYIO MONYJISLMIO OT OCTAJIBHBIX — €€ MOXKHO
OIPENEIUTh KaK Y3KOLIMIICYHYIO U Yy3KOYellylHHyro. DOpMOBOM COCTaB XapaKTEPU3YETCs
npeobnaganuem Oyropuateix (opm anodusza (okono 65%). OcHoBHOW (eHoTunUYecKon
OCOOCHHOCTBIO  3allafHO-NIPEIypalIbCKOM  MOMYJSIIMM  SBJSETCS €€  CPaBHUTEIbHAs
KPYIHOUIMIIEYHOCTh, MHOIOYEIIYHHOCTh M KPYHHOCEMSHHOCTb, OTHOCHUTENIbHBIE NPU3HAKU
MMEIOT HaUBBICIIUE 3HAUYEHUS.

HauOonpmmii  ypoBeHb HM3MEHUMBOCTU XapakTepeH Ui TOPHOM 0KHOYPaIbCKOM
HNOMYJSIIMKM, HAUMEHbIIMH — I M30JMPOBAHHOW  3amaJHO-Ipenypanbckoi  (Ieduuut
U3MEHYUBOCTU 710 41% Kak cleicTBUE BEpOATHOrO MHOpUIMHIra). BhiaeneHHble MOMyNsLUU
UMEIOT pa3Hble IYTH UCTOPUYECKOTO NMPOHUKHOBEHUs Ha IOxHBIH Ypan v pa3iuyaroTcs o
XapakTepy MUKPO3BOJIIOLMOHHBIX MPOLIECCOB B COBPEMEHHYIO 3M0XY. AHAINU3 MOMYJISILIUOHHOM
CTPYKTYPBI MTO3BOJIMII 00OCHOBAHHO TOJJOWTH K Mpo0JIeMe COXpaHEHUSI TeHETUYECKUX PECYPCOB
BuZa B peruoHe. IlepedeHb BbIIEICHHBIX TI'€HETHUECKUX PE3EPBATOB COCHBbI OOBIKHOBEHHOM
BKJItOUaeT 12 o0bexToB Ha o0wel miomany 9896 ra. B Haubonee kpynHoil U heHOTUIIMYECKU
pa3sHOO0Opa3HOM TOPHOI MONYJISLMU BbIAETIEHBI 9 pe3epBaToB, B PABHUHHO-TIJIOCKOTOPHON — 2, B
JTU3BIOHKTHBHOM U CIIa00TIOTMMOP(HOI 3armajHo-IpeaypaibCKON MOMy s — 1 pe3epsar.

POPULATION STRUCTURE AND GENE POOL PRESERNATION OF SCOTS PINE
IN THE SOUTH URALS
Putenikhin V.P.
Botanical Garden-Institute of Ufa Sci. Center of Russian Acad. Sci., Russia; vpp99@mail.ru

The main aim of the work was an analysis of population differentiation of Scots pine
(Pinus sylvestris L.) at the territory of the South Urals and Pre-Urals for theoretic foundation of
practical measures for gene pool preservation of the species on population basis. According to
space structure of the species range, 20 large locations of Scots pine were involved into the
investigation and 43 sample plots were established. Seventeen quantitative and qualitative
morphological traits of generative organs (cones, seed scales and seeds) were studied.

Using diverse biometric approaches including multidimensional ones, 3 groups of
samples determined as phenotypically differentiated biological populations were distinguished.
According to geographical position, they were called mountain south-uralian, plain-plateau cis-
uralian (Belaya-Kama-Ufa), upland western cis-uralian (Bugulma-Belebey) populations. The
first of them is represented by the largest locations of Scots pine in the central part of Bashkir
and Chelybinsk South Urals, Trans-Urals, Zilair plateau (the southern margin of the Ural
mountains) as well as cis-uralian island sites of Scots pine in Mesyagutovo forest-steppe and the
eastern margin of Ufa plateau. Plain-plateau cis-uralian population is situated in the limits of the
lowland Belaya-Kama river interfluve and along the Ufa river (the western boundary of Ufa
plateau). At last, the third (western cis-uralian) population consists of small isolated sites of pine
forests on Bugulma-Belebey upland; it is separated from other populations by broad forest-
steppe territory devoid of pine.

Cones and seed size and mass in vast mountain south-uralian population somewhat
exceeds the corresponding values observed in pine forests in the Middle and North Urals. At the
same time, mountain population yields by these values to island pine populations from the most
southern forest-steppe part of the species range (Kazakhstan). In comparison with other
identified local populations, south-uralian population is characterized by a less portion of
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narrow-conic cones and a bigger portion of wide-conic ones. It has more leveled proportion of
smooth and tubercular apophyses as well as the same of variants by a form of cyme base. In
plain-plateau cis-uralian population the increase of cone length with parallel decrease of cone
width is observed. Scale length is also raised but scale number is comparatively reduced.
Relative traits are the main characteristics which discriminate this population from other ones. It
may be determined as narrow-coned and narrow-scaled. Form composition is characterized by
predomination of tubercular apophises (about 65%). The main phenotypic peculiarity of western
cis-uralian populations is its comparative large-coned, many-scaled and large-seeded
appearance; relative traits have the highest values.

Mountain south-uralian population is characterized by the highest level of variability,
isolated western cis-uralian — by the lowest one (variability deficiency up to 41% due to possible
inbreeding). The identified populations have different ways of historic penetration into the South
Urals and they differ in a character of microevolutionary processes at the present epoch. The
analysis of population structure let us profoundly solve a problem of genetic resource
preservation of the species in the region. List of established genetic reserves includes 12 objects
on a total area of 9896 ha. Nine reserves are established in the limits of the largest and
phenotypically diverse mountain south-uralian population, two reserves — in plain-plateau cis-
uralin population, one reserve — in disjunctive and less-polymorphic western-cis-uralian
population.

N3MEHYUBOCTBb 'EHEPATUBHbBIX OPI'AHOB KE/IPA CUBUPCKOTI'O ITPU
HUHTPOAYKIIUU B BAHIKUPCKOM ITPEAYPAJIBE: CEJIEKIIMOHHBIE
BO3MOXHOCTH
Iyrennxuna K.B.
borannueckuii cag-uHCTUTYT Y prumMckoro HayuHoro nentpa PAH, Poccust; cat8778@mail.ru

B kymberypax kenmpa cubupckoro (Pinus sibirica Du Tour) moiyBekoBOro Bo3pacra B
ycinoBUAX ~UHTpoaykuuum B bamkxupckom Ilpeaypanbe wu3ydeHa U3MEHUYMBOCTH 27
KOJIMYECTBEHHBIX MOP(]OIOrMuecKuX W pEenpoAYKTUBHBIX IIOKa3aTeled IIMIIEK U CEMSH.
Cpennue 3HaueHMs OOJNBIIMHCTBA MPU3HAKOB COOTBETCTBYIOT HMKHEMY Ipelesly THUIHUYHBIX
MoKa3aresnel, XapakTepHbIX AJI1 MPUPOJHBIX U MHTPOAYKLIMOHHBIX HOMyNIsuui Buaa. JlimHa
LIMIIKKA cOCTaBiIAeT B cpeaHeM 59.6+0.82 MM, mmpuHa nmmku — 39.7+0.36 MM, macca ogHON
mumkd — 21.34+£0.545 1, yuciao ceMmsH-opemikoB B Immmke — 60.9£1.56 mr., ypoBeHb
ceMH(UKalMU, WIM CeMEHHass NPOAYKTMBHOCTh WMIIKH — 65.9+1.49%, nnuHa cemeHu —
10.7+0.04 MM, mumpuHa cemenu — 7.6+0.04 mm, mmuna sapa — 8.7+0.05 mMm, mmpuHa sapa —
5.6£0.05 MM, macca sapa — 0.1284+0.0003 r, macca 1000 cemsan — 207.02 1, NOJIHO3EpPHUCTOCTh
cemsiH — 64.7£1.93%, BbIxog siapa no Macce — 50.6+0.43%. B GonplIMHCTBE ciiyyaeB ypOBEHb
U3MEHYMBOCTH TPU3HAKOB OJIM30K K TAakOBOMY B JAPYrMX peruoHax JuOO moBbileH. B
JIOTIOJIHEHWE W TIOATBEpXKIEHHE Oojiee paHHUX pabOT TMOKa3aHbl MEPCIEKTUBBI IPSIMOMN
(eHOTUNUYECKON CENEeKIMM Keipa CHOMPCKOIro MO TAaKUM INpH3HAKaM Kak pa3Mephl LIUIIEK U
CEMSH, CEMEHHas MPOAYKTUBHOCTD IINIIEK, TTOJTHO3EPHUCTOCTh CEMSH, BBIXO Spa.

[Ipoananu3upoBaHbl TONApHbIE KOPPENSIMOHHBIE CBSI3M BCeX 27 KOJIMYECTBEHHBIX
MpU3HAKOB Mexay coboil. [TokazaHo, YTO HEKOTOpBIE KOPPENSLUN YKa3bIBalOT HA BO3MOKHOCTh
CEJIEKIIMOHHOT0 O0TOOpa JEpeBbEeB Keapa CHOMPCKOTO MO TOMY MM HHOMY IoKaszarenio. B
YaCTHOCTH, IEPCIEKTUBHOM MPEICTABIAETCS CENEKINs Ha CEMEHHYIO TPOYKTUBHOCTD HIMILEK U
Maccy sjipa Mo pasMepHOMY M BecoBoMY «peHoTumy» mmumiek. OToéop JepeBbeB ¢ Hambosee
TSOKETBIMH ~ IIUIIKAMH W CEMEHAMH MOXXeT OBITh A((EKTUBHBIM JJISi  TIOBBIMICHHS
MIOJIHO3EPHUCTOCTH CEMSIH. B CeNeKIIMOHHBIN MTPOLeCcC Ha YBEIMYEHNE BbIX0/1a CEMSH U3 LIMILEK,
B TOM YHCJIE MTOJIHO3EPHUCTHIX MOTYT BOBJIEKAThCSl «MHOTOYelIyiHbIe» (hopMbl AepeBbeB. OTOOD
«UIMPOKOYEITYHHBIX» (OpM B OIpPEICIEHHONH CTENeHH CINOCOOEH TOBBICUTh HEKOTOpbIE
pa3MepHbIE U BECOBbIE MapaMeTphl ceMsiH U sjiep. OEeHOTUIINYECKYIO CENIEKIMI0 Ha Maccy spa
1esiecoo0pa3Ho BECTH TaKXkKe 10 pa3Mepy U BeCy MOJHBIX CEMSH; B albHEHIIIEM Cpeat JepEBLEB
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¢ HanOoJee KPYMHBIMH M TSDKEJIBIMU CEMEHAMU MOTYT OBITH OTOOpaHbI ()OPMBI C HAUBBICIIUM
BBIXOJIOM SI/Ipa.

Ha 3aknrounTtensHOM 3Tame pabOThI  OXapaKTepPH30BaHA HM3MEHUYMBOCTH  Keapa
CHOMPCKOrO MO KayeCTBEHHBbIM IMpPU3HAKAM TI'€HEPATUBHBIX OPraHOB. YCTAHOBJIEH XapakTep
pacripeniesieHusl Baprauuii mo opme MmuIIEK U ceMsH, GpopMe amodusa, XapakTepy pa3BHTHS
CEMEHH, CTENEeHUW pa3BUTUA 3apofbliia, Tumny noaudMoOpuonun. I[lo ¢dopme mmmex
pacipeneneHue cleayromee: MIIMHAPUYecKux — 15%, koHycoBUIHBIX — 17%, sSHLEBUIHBIX —
20%, oBanbHBIX — 29%, okpyribix — 19%. [1o hopme cemsan npeobnanaroT 3y0OBUIHBIE cEMEHA
— 78.5%, oBanbuble cocTaBistoT 20%, mapoBunHbie — 1.5%. Ha om0 monaHbBIX cemsiH
npuxoautcs 64.8%, ceMsH C MOBPEXKACHHBIM J3HAOCHEpMOM — 6%, ¢ HEZOpa3BUTHIM
sHgocepMoM — 12.5%, mycteix — 16.7%. Onpenenenre cTeneHyu pa3BUTHS 3apo/ibliia MoKa3ao,
yto cymmapHo Ha gomo Il w IV rpynn cemsH (¢ HOpMaabHO Pa3BHTHIM 3aPOJIBIIIEM)
npuxoautcss okosio 83% oT uucia MoJHBIX ceMsiH, Ha noimo rpynn |-l (c Hemopa3BUTHIM
3apojpiiieM) — okosio 15%, orcyrcrByrot 3apoabimu (rpymnmna 0) Bcero nuimb B 1,5% cioyuaes.
Yactota nonudamOpuonuu He mnpesbimaeT 2.7%. Mexy KadecTBEHHBIMU IIpU3HAKaMU HeE
BBISIBJICHO B3aUMHOM COIPSHKEHHOCTH. BMecTe ¢ TeM, yCTaHOBIEHBI KOPPENSLUOHHBIE CBS3U
MEXIY HEKOTOPHIMH KAYeCTBEHHBIMH U KOJWYCCTBCHHBIMH IPU3HAKAMH TCHEPATHUBHBIX
opranoB. [lonmy4yeHHbIe [aHHBIE 1O KAYECTBEHHBIM IPU3HAKAM T'€HEPATUBHBIX OPraHoB
JIOTIOJTHUTENIPHO YKA3bIBAIOT Ha BO3MOXHOCTH OTOOpa MEPCHEKTHBHBIX (OPM JEPEBBEB C
MOBBILIICHHON MOJIHO3EPHUCTOCTHIO ceMsiH. DopMa CEMEHH MOXKET UCIOJIb30BaThCS B KauecTBE
(EHOTUIMMYECKOTO HMHIUKATOpa B IPOLECCE CENIEKIWH Ha KPYIMHOCTh M Maccy cemsH. [lo
nokasareisiM monHo3epHucrtoct (65%) u  goOpokauectBeHHOCTH (54%) cemeHa Kkexapa
CHOMpCKOTO B yCJOBHAX uHTponykumu B bamkupckom  Ilpemypanbe — sSBisroTCS
KOHAUIIMOHHBIMHU.

VARIABILITY OF GENERATIVE ORGANS IN SIBERIAN STONE PINE
UNDER THE CONDITIONS OF INTRODUCTION IN BASHKIR CIS-URALS:
POSSIBILITIES FOR SELECTION
Putenikhina K.V.

Botanical Garden-Institute, Ufa Scientific Center of Russian Academy of Sciences, Russia;
cat8778@mail.ru

Variability of 27 quantitative morphological and reproductive traits of cones and seeds is
studied in half-century old artificial stand of Siberian stone pine (Pinus sibirica Du Tour) under
the conditions of introduction in Bashkir Cis-Urals. Mean values of the majority of traits
correspond to a low limit of values typical for natural and introduction populations of the
species. Cone length constitutes 59.64+0.82 mm in average, cone width — 39.7+0.36 mm, mass of
one cone —21.34+0.545 g, number of seeds per cone — 60.9+1.56 units, seed productivity of cone
—65.9+£1.49%, seed length — 10.7+£0.04 mm, seed width — 7.6+0.04 mm, kernel length — 8.7+0.05
mm, kernel width — 5.6+0.05 mm, mass of 1000 seeds — 207.02 g, seed full-graininess —
64.7+£1.93%, output of kernel by a mass — 50.6+0.43%. In most cases, a level of trait variability
is increased or close to the same one in other regions. Perspectives of direct phenotypic selection
of Siberian stone pine by such traits as cone and seed size, seed productivity of cones, seed full-
graininess, output of kernel are shown in addition and confirmation of preceding investigations.

Mutual correlation links of all 27 quantitative traits are also analyzed. It is shown that
some correlations additionally point to a possibility of tree selection by one or another trait. In
particular, selection on seed productivity of cones and kernel mass may be perspective by
dimensional and weight phenotype of cones. Selection of trees with the heaviest cones and seeds
may be effective for increasing seed full-graininess. «Many-scaled» forms of trees may be
involved in a breeding process for raising output of seeds from cones including output of full-
grained seeds. Selection of «wide-scaled» forms is capable to increase to a certain extent some
dimensional and weighing parameters of seeds and kernels. Phenotypic selection for a mass of

147


mailto:cat8778@mail.ru

kernel may also be conducted by a size and weight of full seeds; hereinafter forms with the
highest output of kernel can be selected among trees with the largest and heaviest seeds.

At the final stage of work the variability of Siberian stone pine by qualitative traits of
generative organs is characterized. Composition of variants is stated by form of cones and seeds,
form of apophysis of seed scales, character of seed development, degree of embryo development
and type of polyembryony. By a form of cone the composition is the following: cylindrical cones
constitute 15%, conic ones — 17%, ovoid — 20%, oval — 29%, round — 19%. Tooth-like seeds
dominate among seed form variants (78.5%); oval seeds constitute 20%, globular ones — 1.5%.
Portion of full seeds constitutes 64.8%, seeds with damaged endosperm — 6%, seeds with
underdeveloped endosperm — 12.5%, empty seeds — 16.7%. On the base of determination of
embryo development degree the total portion of Il and 1V groups of seeds (with normally
developed embryo) is found to be equal to 83% of full seed number. Portion of I-11 groups of
seeds (with underdeveloped embryo) constitutes about 15%; the absence of embryo (group 0)
takes place in 1.5% of seeds. Frequency of polyembryony does not exceed 2.7%.

Mutual contingency is not revealed between qualitative traits. At the same time,
correlation connections are determined between some qualitative and quantitative traits of
generative organs. The obtained data once more point to the possibility of selection of
perspective forms with increased seed full-graininess. Seed form may be used as a phenotypic
indicator in the process of tree breeding for size and mass of seeds. According to the values of
full-graininess (65%) and soundness (54%) the seed material of Siberian stone pine is
conditional when introduced in Bashkir Cis-Urals.

METOJIMKA CEJJEKIIMOHHO-TEHETUYECKOM OIIEHKHA KJIOHOB COCHBI
OBBIKHOBEHHOM HA JIECOCEMEHHBIX IVIAHTAIIMSIX
Paesckuii B.B.%, Hlyposa M.JL.?
Yucruryr neca Kapensckoro HI| PAH, Poccust; borisraevsky@gmail.com
2Ounman [EHTpa 3auuThl Jeca Jlenurpaackoit odnactu «Kapenbckas iecoceMeHHast
crannusy; czlspb.rk@rambler.ru

B cBoem 0a30BOM BapuaHTE CeJIEKLUs COCHbI OOBIKHOBEHHOW OCYILIECTBISETCS Ha
ObIcTpOTy pocTta. [103TOMy pOCT KIIOHOB COCHBI B BBICOTY NMPUHUMAETCS B KayeCTBE BEAYIIETO

mpu3HaKa. Bce KIOHBI Ha IUIAHTAllMM, COOTBETCTBYIOIME KpuTepuio (>= X +0.50, )

paccMaTpUBAIOTCS KaK HOCHUTENH «T€HOB OBICTPOro pocta». OJHAKO OCYLIECTBIATH OTOOp
VCKIIFOYUTENIBHO IO OJHOMY IIPU3HAKY, ITYCTh AA)K€ W TaKOMY BaXKHOMY KakK pOCT B BBICOTY,
npezcTaBisiercss HerenecooOpasHbM. Cper BBICOKOPOCIHBIX KIIOHOB BCTpedaeTcst MOp(OTHI ¢
CHJIBHO COEKUCTBIM CTBOJIOM M KPOHOM, 00pa30BaHHON JUIMHHBIMH U TOJICTBIMU BETBSIMH. Takoi
MOpGOTHUI MOJIBEP’KEH CHETOJIOMY U KpaliHe HexeNaTeleH ¢ MO3UIMM KadyecTBa cTBoja. Kpome
3TOr0, HEKOTOpBIE OBICTPOPACTYIIME KJIOHBI C XOpOIIMM TraOHUTYCOM XapaKTEpU3YIOTCS OYEHb
ciabbiM  ceMeHomleHueM. M3 Bcex  mapaMeTpoB, — XapaKTEpU3YIOIIUX  aKTUBHOCTh
pPENpOAYKTUBHON cdepbl KIOHOB COCHBI, TOJIBKO OJIMH MOET OBbITh BBIJIEJIEH B KauecTBe
HEKOEr0 MHTErpajbHOrO TPHU3HAKA, OTPAXKAIOIIErO0 pEajJbHBIM BKJIAJ KIOHA B Yypoxai
JIECOCEMEHHOW IUIaHTaMu | TreHo(oHJ OyayluxX TOKOJEHHH — 3TO CpelHee YHCIO
MIOJIHO3EPHUCTBIX CEMSH Ha OJIHY IPUBUBKY. Ero cienyer cuurars BTOPBIM 110 Ba)KHOCTH TOCTE
OIIEHKH POCTa KJIOHA COCHBI B BBICOTY. B I1€J10M )K€ BapHaHT CEJIEKIIUU OJHOBPEMEHHO IO ITUM
JIBYM TPU3HAKaM BBITJIIUT HauboJiee ONTUMAaIbHBIM B CEJIEKIIUU COCHBI OOBIKHOBEHHOI.

MeTtoanka CeeKIIMOHHO-TEHETUYECKOH OIIEHKN KJIOHOB COCHBI 00bIKHOBeHHOI Ha JICII |
MOXeET OBITh chOpMyTUpPOBaHA B BUJIE Psi/ia ITAIIOB.

Ha nepBom 3tamne or6opa B KauecTBe BeAyIIETo MpU3HAKa IPUHUMAETCS BBICOTA CTBOJIA

KJIOHA C IOPOTOBBIM 3HaueHueM (>= X +0.50, ).

Ha BTOpoM »Tame aHanmu3upyercs BCS COBOKYHHOCTh TaOMTyajbHBIX MPU3HAKOB
(cOeXHMCTOCTh CTBOJIA, IIMPHHA KPOHBI, TOJIIMHA CYYbEeB U T.NI.) B aCMEKTE TFapMOHUYHOCTH
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o0iMKa JepeBa M IMOJBEPKEHHOCTH cHerosiomy. KIOHBI ¢ KpallHUM BBIpQ)KEHHUEM YKa3aHHBIX
napameTpoB OOJIBIIYIO CTOPOHY OTOPAKOBBIBAIOTCS.

Ha Tperhem 3Tame aHaNM3WpyeTCs KOMIUICKC MPU3HAKOB CEMEHHOW IMPOTyKTUBHOCTH
KJIOHOB, MPOMIEIIIAX Y€Pe3 CUTO 0TOOpa MPEbIAYIINX 3TANoB. B KauecTBe BeIylIero npu3Haka

NPUHIMAETCS YHCIIO0 TTOTHO3EPHICTBIX CEMSH HA PaMeTy ¢ 0T60poM o cranaapty (>= X ).
YeTBepThlii 3TaN 3aKIH0YACTCS B UCIIBITAHUM CEMEHHOI'O IOTOMCTBA U OLIEHKE KJIOHOB 110
obmelt u crienuduueckoit komounanuonHou cnocooHoctu (OKC u CKC). Ilo gannoii MmeToauke
u3 60 kmonoB IlerpozaBoackoit JICII mo BeicoTe cTBONa ObLIO 0TOOpaHo 17 kioHOB (28,3%) B
cooTBeTCTBUHU O cTannaproMm (>= X +0.5¢, ). Cpennue napamMeTphbl BHIOOPKH OTKJIOHHIIMCH OT

TaKOBBIX, XapaKTEPU3YIOIIUX BECh YYacCTOK B L€JIOM. BpicoTa U AMaMeTp CTBOJA YBEIUYMIIUCH
Ha 8.3%, mupuHa KpoHbl U auaMerp BerBed — Ha 7.4 u 4.7%, coorBerctBeHHo. Ha 13.2%
YBEJIMYMIACH [TOBPEKIAEMOCTh CHETOJIOMOM. Y POKaHOCTh IPU 3TOM HECKOJBKO CHU3UJIACh —
Ha 9.9%. 3aTeM COBMECTHO IO MpU3HAKAM XOPOIIEro pocTa U CEMEHOILIEHUS ObLTH OTOOPaHbI 6
BEreTaTuBHBIX MOTOMCTB mwiu 10% OT mcxomHOro Konm4uecTBa. B pe3ymbrare Takoro orbopa
rabutyajibHble XapaKTePUCTUKH HAOOpa KIOHOB YIYYIIWINCh, MOCKOJBKY MPH COXPAHEHUU
pPa3HULIBI CO CpEeIHEW BBICOTOW BCEro yyacTka Ha IpexkHeM ypoBHe (8,3%) pasnuuus 1o
IUaMeTpy CTBOJIa M IIUPUHE KPOHBI COKPATHIUCh. Bce 3TO CBUIETENHCTBYET B TOJB3Y
YMEHbILIEHUS COEKNUCTOCTU CTBOJIA U YBEIMUYEHUS KOMIIAKTHOCTH KpOHBL. BrionHe 3akoHOMEpHO,
YTO W PHUCK CHErojioMa B ATOM CJy4yae TaKXKe CYHIECTBEHHO CHU3MICS MPHU 3HAYUTEIHHOM
YBEJIMYEHUU CEMEHHOM NMPOAYKTUBHOCTHU (+42.6%).

BREEDING AND GENETIC ASSESSMENT PROCEDURE FOR SCOTCH PINE
CLONES IN SEED ORCHARDS
Raevsky B.V.%, Schurova M.L.2
'Forest Research Institute, Karelian Research Centre RAC, Russia; borisraevsky@gmail.com
?Karelian forest seed station, Forest Protection Centre of Leningrad region; czlpb.rk@rambler.ru

Fast height growth selection is usually considered to be the basic type of Scotch pine
breeding strategy. Due to this fact height growth of pine clones is usually taken as a key feature.
All clones from a seed orchard meeting the criteria (>= X +0.55, ) are considered as possessing

so called “fast growth genes”. But in case of Scotch pine the way of single-trait selection is
unsuitable. The main reason is that among fast growing clones such a specific morphotype with
hard tapering stem and crown formed by long and thick branches can be found. This kind of
morphotype is very susceptive to snowbreak and is unwanted from the position of stem quality.
Except that some well growing pine clones possessing good habitus are weak in seed production.
In the view of good seed production there is only one indicator to be adopted as having integral
effect showing the real contribution of a clone to the whole seed orchard yield. This is an
average number of full seeds per tree (ramet). This trait is the second most important after the
height growth ability feature. On the whole the way of two-trait breeding program with the
features mentioned above seems to be the most suitable for Scotch pine.

There are a few selection and genetic assessment stages of pine clones growing in seed
orchards of the I-st generation.

In the first stage pine clones meeting the criteria (>= X +0.5c, ) regarding height growth

are selected.

In the second stage clones with hard tapering stem and crown formed by long and thick
branches are rejected.

In the third stage the complex of reproductive features of the clones which have passed
the previous stages are taken into account. The trait “average number of full seeds per ramet” is

the key feature in this stage according to the criteria (>= X ).
The fourth stage implies that progeny trials with open-pollinated progenies are to be laid
down.
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Regarding height growth 17 (28.3%) pine clones were selected from the 60 clones grown
at one of the field of Petrozavodsk seed orchard. Mean values of the sample deviated from those
peculiar to the whole field. The height and stem diameter increased by 8.3% and crown width
and branch diameter did the same by 7.4 and 4.7%, respectively. At the same time seed
production decreased by 9.9%. After that 6 clones (10% of the total) were selected using the
two-trait breeding approach. As a result the habitus features of the selected clones became much
better which led to a substantial decreasing of snowbreak risk, while seed yield increased by
42.6%.

IMPOT'PAMMA CEJIEKIIUM XBOMHBIX ITOPOJ B JECOCEMEHHOM PAVMOHE
Porozun M.B.
EcrecTBeHHOHaY4HBII HHCTHTYT [IepMCKOT0 rocy1apcTBEHHOTO HAIIMOHATIBHOTO
UCCIIeIoBaTeIbCKOr0 yHUBepcuTeTa, 614990, ITepms, yi. Bykupesa, 15; rog-mikhail@yandex.ru

[IporpamMMa paccMOTpeHa MpU COYETAHUU TPEX HANpPaABICHUM pPa0OT: «IIIOCOBOII»
CEJICKIINH, CEIEeKIUH MOMYJISIUN 1 UHIUBUIYaIbHOTO 0TOOpA.

O030p KpYIHBIX UCIBITAHUI MOTOMCTB IIJIIOCOBBIX JIEPEBLEB B POoCCUUIIO TaHHBIM CeMU
aBTOPOB, C 4ucIOM cemeil B ombiTe 40 u Gojee B Bo3pacte 7 JIeT U cTaplie ¢ OOIIUM YHCIOM
cemeir 1169 B 11 ombiTax moka3zai, 4to 3((EKT TUTFOCOBOM CENEKIMU OKa3aJiCs B CPEIHEM
O0nn3ok K Hymio. [IpeBblllieHUs] BBHICOT MOTOMCTBA IUIFOCOBBIX JIEPEBBEB IO JAEBITH PErHOHAM
MEHSUTHCH JUISI COCHBI OOBIKHOBEHHOH OT —13 10 +7%, a mus enm ¢punckoi ot 0 go +5%. Hons
MIOTOMCTB, MPEBBILIAIOLINX KOHTPOJIb, Y COCHBI cocTaBuia ot 3 10 34%, y enu — ot 4 10 22%.

OTO pe3ynbTaThl «ILJIOCOBOM» CEJIEKIIMM M IEPBOE HampaBieHUE pabdoT, MOBCEMECTHO
npumensiemoe ¢ 1970 rr.; ero a3dexT okaszaics MHOTAa MUHUMAJICH, & UHOTJAa U OTPUIATEIIEH,
Haripumep, B pecnyonuke Komu (—13%). Bropoe Hamnpapnenue (ceiaekuus MOIMyIsIuii) gaBaio
ekt 5-16%, a TpeTbe MOBBIIATIO BBHICOTY MOTOMCTBA Ha 15-33%. MimeHHO Ha mocnenHee
HanpasjieHue (MHAUBUAYAJIbHBIA OTOOpP 10 IOTOMCTBY) W JIEJAeTCs aKLIEHT BO BCEX
nporpammax. OHako cpa3y OpaThCsl 3a HEro Hepa3yMHO.

Tak, B Hammx wuccinenoBaHusx 12 momynsmuii enn B [lepMckoM Kpae okaszalioch, 4TO
MIOJIO’KUTEIBHBIE PE3YIbTAThl IPUMEHEHUSI «IUTFOCOBOW) CEJIEKIIMM JTOCTOBEPHBI TOJIBKO B 42%
NOMYJISIIMM; B OCTalbHBIX OHU HEWTpaJdbHBl U JaXke OTpuLaTeNbHbl. [Ipn 3TOM MOTOMCTBO
HNOMYJSIIMU-TUAEPOB B 21 rox mpeBOCXOOUT ayTcaijepoB mo BelcoTe Ha 6-15%. Ho camoe
[JIaBHOE OTJIMYME JTYUIINUX IO TOTOMCTBY MONYJSLUNA COCTOUT B TOM, YTO Y HUX 8Ce NOMOMCMBO
pacreT Jyullie, BKJI04as 0ObIYHBIE U «MUHYCOBBIE)» EPEBbs, a 10JI1 OBICTPOPACTYIINX CeMel OT
IUTFOCOBBIX JIEPEBBEB BBILIE J10 9 pa3.

Kak xe HaxomuTe Takue mnonynasuuu? JlMarHocTuka pocTa IOTOMCTBA IOIYJISLUN
OKazajach BO3MOXKHa yXke B 4 rona, ¢ oToopoM okojo 60% mydmmx npoucxoxxaeHu. ITo aaer
BO3MO>XHOCTb OTOJABHMHYTBH 3aTpPaTHBIN 3Tall MHAUBUAYAJIBHON CEJEKIIMM HAa HECKOJIBKO JIET U
BHauaje HAalTU MOMYJSAIUU C TyYITUM MTOTOMCTBOM. UeM OoJibiiie monyJssiuil OyAeT H3y4eHo 1Mo
INOTOMCTBY, T€M JIydllle; B HCIBITAHUS IO IMOTOMCTBY MOTYT OBITh BKJIIOYEHBI OOBIUHBIC
HacakJeHus pa3HbIX TUIOB Jieca, [IJICY, 6moku JICII u npyrue oowextsl EI'CK.

ITocne oTbopa TydIINX MOMyNIAIUI yXKe TOJIBKO B HUX HAaUMHAIOT BBIIENATH CEMEHHBIE, a
TaK ke IUIFOCOBBIE J1epeBbs. [Ipu 3TOM HCKOMBIN pe3ynpTaT — S0 MATOYHUKOB I pa3MHOKEHHUS
Ha JICII-2 — Oynmer mosyueH ¢ 3aTpaTaMM MPUMEPHO B 2 pa3a MEHBIIMMHU M NOTpeldyercs
WCIIBITAHUE TTIOTOMCTBA YK€ HE 2 ThIC. IEPEBBEB, a TOJIBKO 1.0-1.2 ThICAUM.

Ho u 310 umcno MokeT ObITh YMEHBIIEHO elie mpuMmepHo B 1.5-2 pasa, ecnu OyayT
YUTEHBl LeJeBble CBOMCTBa OyIyIIMX COPTOB MpPH WX BBIPAIIMBAHWM B IUIAHTAIlMOHHBIX
KyJIbTypax, TJ€ HYXHbl COBEpPILICHHO OCOOCHHbBIE CBOICTBAa, a MMEHHO, OBICTPBIH pOCT B
yCIOBUSAX Ocia0JeHHOW KOHKypeHUuu. JlormyHo momaraTh (M 3TO MOATBEPAMJIM HAIIU
JUINTEIbHBIE HUCCIIEN0BAHUs), YTO 3TH CBOMCTBA HACJIEAYIOTCS, U IUIOCOBBIE JEPEBbS HYNKHO
0oTOMpaTh B pa3pe’KEHHBIX JAPEBOCTOSX C UCTOPHEN pocTa, aJleKBaTHOM HCTOPUU TYCTOTHI B
IUTAaHTAIlMOHHBIX KyJbTypax. IIpu aToM Bo3pacT oTOOpa IUIIOCOBBIX JAEPEBHEB JOKEH OBITH 40-
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60 net. JIOMOJHUTENHHON XapaKTEPUCTUKON Ui TaKWUX IUTIOCOBBIX JIEPEBHEB SIBISETCS cOer
CTBOJIa B HEKUX CPEIHUX MpeJenax, OTPaKaIoUINil HCTOPUI0 KOHKYPEHIIUHU JIepeBa ¢ COCEIsIMHU.
Hanpumep, y 1mrocoBbIX JepeBheB €11 (GUHCKON cO 3HaYeHUsIMHU cOera cTBoja B mpenenax 1.2-
1.3 cM/M 1071 Ty4dIIUX ceMei B MX MOTOMCTBE yBEIHMYMBaIach B 1.5-2.4 pa3za.

Paboma evinonnena npu ¢unancosoli noodepoickecoczadanus 2014/153 6 pamxax
bazoeotl yacmu Munooprayxku Poccuu (Ne eoc. pecucmpayuu 01201461915).

BREEDING PROGRAMS CONIFEROUS SPECIES IN FOREST SEED DISTRICT
Rogozin M.V.
Natural Sciences Institute of Perm State National Research University, 614990, Perm, ul.
Bukireva, 15; rog-mikhail@yandex.ru

The program examined the combination of three directions of work: "plus” tree selection,
breeding populations and individual selection.

Overview of the major tests of progenies of plus trees in Russia according to the seven
authors, the number of families in the experience of more than 40 and 7 years of age and older
with a total of 1169 families in 11 experiments showed that the effect of plus tree selection was
in average close to zero. Increasing the height of plus trees progeny of nine regions were
changed to Scots pine from minus 13 to + 7%, and Finnish spruce from 0 to + 5%. Share
progenies exceeding control pine ranged from 3 to 34%, spruce - from 4 to 22%.

These are results of plus tree selection, and the first direction of works, of generally
applicable to 1970; its effect was sometimes minimal and sometimes negative, for example, in
the Komi Republic (-13%).

The second direction (breeding populations) has the effect of 5-16%, and the third
direction of the height of the offspring increased by 15-33%. It is on the last line (individual
selection progeny) emphasis is placed in all programs. However, immediately take him
unreasonable.

Thus, in our research among 12 populations of spruce in the Perm region it turned out
that the positive results of the use of the plus tree selection were valid only in 42% of the
population; in the other they are neutral or even negative. In this case offspring of the leading
population age 21 exceeds outliers in height by 6-15%. But most importantly, unlike top progeny
populations is that they have all offspring grows better, including conventional and "minus™ of
the tree, and the proportion of fast-growing families of plus trees up to 9 times.

How to find such a population? Diagnosis offspring population growth was possible
already in the 4 years old, with a selection of about 60% of the best origin. This will reduce the
cost of expensive individual selection almost doubled. The larger populations will be studied, the
better; in testing may be included conventional planting different types of forests, seed plots and
plantations and other objects

After selecting the best population already only in them start to allocate seed and plus
trees. In this case the desired result - 50 queen cells for breeding - will be received with costs 2
times less and will need the breeder test offspring only 1.0 thousand trees.

But also it number can be reduced by 1.5-2 times still if the target properties will be
considered for future varieties in plantations of rapid growth, where needs very special
properties, namely, the rapid growth in the conditions of weak competition. It is logical assume
(and this is confirmed by our long researches) that these properties are inherited and plus trees
should be selected in sparse stands with history, which will be adequate to the conditions of the
trees in the plantations of rapid growth. In this case selection of plus trees should occur in 40-60
years. An additional feature for them is the conicity of the trunk in some medium range, which
reflects the history of relations with the neighbors of the tree.

For example, the Finnish plus trees ate at values conicity barrel within 1.2-1.3 cm / m
share of the best families in their offspring increased to 1.5-2.4 times.
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BBISIBJIEHUE U OLIEHKA BKJIAJA CUCTEMBI IVIEMCTOLEHOBBIX
PE®YI'MYMOB B I'EHO®OH/I PINUS SYLVESTRIS L.
Cannukos C.H., Eropos E.B.
borannyeckuii can YpO PAH, Poccust; 31051978@mail.ru

OpHOl M3 KIIOYEBBIX NIPOOJIEM MOMYJIALUOHHON TEHETHUKU JPEBECHBIX PACTCHUH, B
YaCTHOCTH COCHBI OOBIKHOBEHHO# (Pinus sylvestris), siBisieTcst BOIpoc 0 MECTOHAXOXKACHHU HX
IUICHCTONICHOBBIX pedyruymoB. B mocnemame 10-15 ner B EBpome u3ydeHBI M YacThIO
060611ens! (Cheddadi et al., 2006) ocobennoctu reHoreorpaduu momyssnuii P. sylvestris, Ho He
C/ETaHO JOCTaTOYHO OMpPEICIICHHBIX BBIBOJOB O JIOKAIM3ALUU HX JICAHUKOBBIX YOEXKHII.
VYcenemHomy peuieHuto 3Toro Bompoca B Pocecun, a ocobenHo B CubupH, HpEnsTCTBYIOT
nepunuT  maneo0oTaHWMYECKMX — JaHHbIX M nonuMmopdHbix  JIHK-mapkepoB.  Bonee
UH(POPMATUBHBIM OKa3ajcs IMOKa aJUIO3MMHBIA aHanu3 cBeime 250 momysisuumid Ha cetu 5
HIMPOTHBIX U 14 cyOMepuIMOHAIBHBIX TpPAHCEKT, Iepecekaromux apean Bujaa (CaHHUKOB,
ITerposa, 2012). Ha ero ocHoBe ynajoch BbIABUTH JBa HauOosee BEpOATHBIX pedyruyma Buaa —
bankanckuii u FOxHO-Ypanbckuii — 1 HECKOJIbKO BTOpocTeneHHbIX (CaHHUKOB U jp., 2014).

Ilens naHHOrO NOKIAAa — aHaIW3 PE3yJIbTaTOB JAJIBHEHILErO0 CHUCTEMAaTU3HPOBAHHOIO
NIOWCKA W BBIABICHHS JIOKAJIM3AIMN TUIIOTETHYHBIX IUIEHCTOLEHOBBIX pedyruymoB (I'TIP) P.
sylvestris u onieHka ux posiu B opMUpOBaHUH reHO(DOH 1A BUA B «JICTHUKOBOI» 30HE apeaa.

OCHOBHOM METOJIMYECKUI MOJAXOJ B HUCCIEIOBaHMM («BHJ B apeaie») CBOJIUTCH K
HepapXHUUYECKOMY aHAIU3y B Mpejeiax Bcero apeana Buaa P. Sylvestris cpeqHux reHeTHueckux
muctanuuii Hen (DN7g) mexny 12 T'TIP maprunanbHOM 10KHOU (aHIECTpaibHOM), a Takxke 18
«aBanrapaabiMu»  ['TIP  cpenneilt  («BHEJICTHMKOBON») 30HBI, C OJHOW CTOPOHBL, H 8
¢wmtoreorpadpuueknmu rpynnamu monyisiuuid (PITI) «emaukoBoi» 30HBI apeana (mo 7-8
BBIOOPOK B KaxIOH), ¢ JApyrod cropoHsl. [‘eHermueckue auctanuuu Heun wmexnay 86
HNOMYJSIIMSIMU OTIPEZIeNIEHbl Ha OCHOBE MX aJJIO3UMHOro aHaiu3a no 16 mokycam. Kpurepuem
cxozacta reHoouga OI'TI u I'TIP cnyxuna munumansHas DNzg mexay Humu He Bbime 0.008-
0.015. Homu Bkmama pasznuudbix [TIP B renodonn ®I'TI neaHuKoBOW 30HBI, OTpa)arouiue
nojupedyruaabHOe MPOUCXOXKAECHUE MOCIEAHNX (MX «T€HEeaTOrMYeCKH MacnopT»), BBIYUCICHbI
C MOMOIIHI0 COOTBETCTBYIOIINX YCIOBHBIX «MHBECTHIIMOHHBIX UHIEKCOBY (1/DNy7g).

OcHOBHBIE BBIBOJIBI IO pe3ysbTaTraM uccienoBanuil: 1. Jlokanusanus ¥ OTHOCUTEIbHAS
POJIb THITOTETHYHBIX TUICHCTOICHOBBIX pedyriuymoB P. sylvestris B ¢popmupoBanuu reHodoHa
HOMYJISAMI JIGAHUKOBOW 30HBI apeajia MOXeT ObITh, B NEPBOM MpPUOIMKEHUHU, BBISABIEHA I10
MUHUMAJIbHBIM T€HETHYECKUM AMCTAHLHUSAM MEXJIy HUMHU M MO HUX OOpaTHBIM BEIMYMHAM —
«MHBECTULIMOHHBIM UHAEKcam». 2. CpeHue 1o apealy MUHUMAaJIbHbIE TEHETUYECKUE TUCTAaHIIUU
I'TIP (DN7g < 0.008), mx MakcuMajabHble HMHBECTHUIIMOHHBIE HWHIEKCHl MO OTHOIICHUIO K
nonymsuusim P, sylvestriS neqHMkoBOW 30HBI M BEpOsITHAs JIOMUHHUPYIOIIAs pOJb B
(bopMUPOBaHUN MX T€HO(POHJA BBISBIEHBI y JBYX pedyruyMOB I0KHOW BHEJIETHUKOBOI 30HBI
apeana — bankanckoro (Punma) u HOxuno-Ypanbckoro (Mpemens), B menbieir mepe (DNzg =
0.008-0.014) — y Typraiickoro (Hayp3aym), Amnraiickoro (Temenkoe o3epo), IOxHo-
[Tpubaiikansckoro (Mpkyrck) u TyBunckoro (banrassin) pedyruymon. 3. Ocranbhbie I'TIP,
0COOEHHO pacroyioKeHHbIe Ha kpaliHeM 3amnajne (M6epuiickuii u KOxxHO-Anbnuiickuii) U BOCTOKE
apeana ([aypckuii, HwkHe-AMypckuii), H30JIMpPOBAaHHBIE OT €ro LEHTPAIbHBIX PErMOHOB
TOPHBIMU, MOPCKUMH WJIM CTEMHBIMU Oapbepamu, O-BUIMMOMY, OKa3ajli MEHbIIee BIUSHUE Ha
TeHETUYECKUH IyJT MOMYJIALUN JIeTHUKOBOK 30HBL. 4. JloMHHUpYIOIIMIA BKJIaX B (POpMUpPOBaHKE
renodonma P. sylvestris nemxnukoBoit 30ub1 [{enTpanbaoit EBponbl, CkanmunaBuu u Pycckoit
paBHUHBI, BEpoATHO, BHecau bankanckuit u FOxHO-Ypaneckuii, a B 3anagHoil u Cpenneit
Cubupu — HOxno-Ypansckuii, Typralickuii u 10)kHO-cuOupckue pegyruymsl (Tenernkoe o3epo,
banrasein, Upkyrck). 5. Hexkoropeie runorernunsie aBanrapausie I'TIP (baBapckuii, 3anaano-
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Kapnarckuii, FOxHO-Ypanbckuii) B rojiolieHe, BO3MOXKHO, OKa3aJll 3HAYUTEIbHOE BIMSHHUE Ha
dbopmupoBanue renodonaa monyssuuii P. Sylvestris ieaqHuKoBo# 30HBI, HO MX CYIIECTBOBaHUE
panee 12500 et BP noka He mOATBEPKACHO NAIe000TAHNYECKUMH JTaHHBIMHU.

Paboma evinonnena npu noooepoicke Ilpoepammel (yHOAGMEHMATbHBIX UCCIEO08AHUL
YpO PAH (Ne 15-12-4-13).

REVELATION AND ESTIMATION OF CONTRIBUTION OF PLEISTOCENE
REFUGIUMS SYSTEMS INTO PINUS SYLVESTRIS L. GENE POOL
Sannikov S.N., Egorov E.V.

Botanical Garden, Ural Branch of Russian Academy of Sciences, Russia; 31051978@mail.ru

One of the key problems of population genetics of tree plants, in particular, Scots pine
(Pinus sylvestris L.) is the question concerning the geographical location of their Pleistocene
refugiums. During the last 10-15 years peculiarities of genogeography of P. sylvestris
populations have been studied in Europe and have been partly generalized (Cheddadi et al.,
2006), but sufficiently definitive conclusions about the localization of their glacial refugiums
have not been made. The shortage of paleobotanical data and polymorphous DNA-markers
impedes a successful solution of this problem in Russia and especially in Siberia. Allozyme
analysis of more than 250 populations on the net of 5 latitude and 15 submeridional transects
crossing the range of the species turned out to be more informative for the time being (Sannikov,
Petrova, 2012). On its base we succeeded to reveal two the most probable refugiums of the
species — Balkan and Southern Urals — and several secondary ones (Sannikov et al., 2014).

The purpose of the present report is to analyse the results of the further systematized
search and to reveal the localization of hypothetical Pleistocene refugiums (HPR) of P. sylvestris
and to assess their role in genofund species formation in the “glacial” zone of the range.

The fundamental methodical approach in the research (“a species in the areal”) reduced to
the hierarchical analysis within the whole range of P. sylvestris species of average genetical
distances (DNvg) among 12 HPR of marginal southern (ancentral) as well as 18 “vangward” HPR
of the middle (“non-glacial”’) zone, on the one hand, and 8 phylogeographical groups of
populations (PGP) of “glacial” zone of the range (7-8 samplings in each), on the other hand.
Nei’s genetic distances among 86 populations have been determined on the base of their
allozyme analysis by 16 loci. Minimal DNvg, not higher than 0.008-0.015, between them was the
criterion of the resemblance of PGP and HPR genofunds. The portions of different HPR
contributions into PGP genofund of glacial zone reflecting polyrefugial origin of the latter (their
“genealogical passport”) have been calculated with the help of proper conventional “investment
indices” (1/DNvs).

The main conclusions according to the research results: 1. Localization and a relative role
of hypothetical Pleistocene refugiums of P. sylvestris in the formation of genofund of glacial
zone range populations can be, in the first approximation, revealed by minimal genetical
distances between them and by their inverse values — “investment indices”. 2. Average, on the
range, minimal genetic distances of HPR from PGR (DNg< 0.008), maximal investment indices
concerning P. sylvestris populations of a glacial zone and a probable dominating role in the
formation of their genofund have been revealed in two refugiums of southern marginal zone of
the range — Balkan (Rila) and South Ural (Iremel), to a less extent (DN7g =0.008—0.014) in
Turgay (Naurzum), Altay (Teletskoye Lake), South-Baikal (Irkutsk) and Tuva (Balgazin)
refugiums. 3. The rest of HPR, especially, situated in the utmost west (Iberiya and South-Alps)
and in the east of range (Dauriya, Near-Amur) isolated from its central regions by mountain, sea
and steppe barriers , apparently, have less influence the genetic pool in glacial zone populations.
4. The dominating contribution into the formation on of P. sylvestris genofund of glacial zone in
Central Europe, Scandinavia and Russian Plain, probably, has been by Balkan and South-Urals
and in Western and Middle Siberia — South-Urals, Turgay and Mountain South-Siberian
refugiums (Teletskoye Lake, Balgazin, Irkutsk). 5. Some hypothetical vanguard HPRs (Bavaria,
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Western Carpathians, South Urals) in Holocene, possibly, influenced greatly the formation of
genofund of P. sylvestris populations in a glacial zone, but their existence earlier than 12500 year
B.C. has not been confirmed by paleobotanical data yet.

The work was carried out under the support of the Programme of fundamental researches
of UB of Russian Academy of Sciences (Ne 15-12-4-13).

TEHOT'EOTPA®USA U TEHOTAKCOHOMMS ITOITYJISIIAM PINUS SYLVESTRIS L.
POCCHUH
Cannuxon C.H., IlerpoBa U.B.
Borannueckuii canx YpO PAH, Poccus; Irina.Petrova@botgard.uran.ru

OnHoit M3 crparernuyeckux mnpoOieM YCTOH4YMBOro JjecoBojcTBa Poccum Ha Qone
HENpEeICKa3yeMblX HW3MEHEHUH KJIMMara, pocTa aHTPONOINEHHOro CTpecca U YIpo3bl
HEOOpaTUMOIo HapylleHUs TeHO(OHJA JIECOB SBIISETCS COXpPAHEHUE, BOCIPOU3BOACTBO U
ONITUMU3AIHS €T0 UCTIOIb30BaHus. Ee perienne BO3MOXKHO JIMIIb Ha OCHOBE (PYHAaMEHTAILHOTO
U3y4eHHs] TeHETUYECKOM CTPYKTYpbl U auddepeHnnaniy nomyssui 1ecooopa3yromux BUI0B,
B YaCTHOCTH COCHBI 00bIKHOBeHHOH (Pinus sylvestris).

CucteMaTU3UpOBAaHHOE  MEXAMCLUUIUIMHAPHOE  HKOreHOreorpapuueckoe  H3yuyeHHe
PENPOYKTUBHON H30JSIMH, O0aphepoB M IIyT€H MHUTPAIMH, AITIO3MMHOTO IOJIMMOpQHU3Ma,
IPaJMeHTOB M TPaHMI NPUPOIHBIX momyssiuuii P. sylvestris B mpenenax Bcero apeaia BuIa B
Poccun u Cesepnoii EBpazuu («Bua B apease») Ha 0aze eMHON CUCTEMbI IPUHLIUIIOB U METO/I0B
BBIIIOJIHEHO HaMU B nocieanue 20 set. AJuio3uMHBIN aHanu3 TKkaHel aepeBbeB B 200 J0KanbHBIX
nonyisuusax, reermdeckux aumctanimii Hewm (Nei, 1978) mexay HUMH M MX TpaJMCHTOB
npoBeleH Ha paBHOMepHOH cetn 10-12 cyOmepuanoHanbHBIX M 4—5 MIMPOTHBIX TPAHCEKT,
nepecekarommx 10 ¢dunoreorpadpuueckux perumonoB Poccum (Kapenuss ¢ Konbckum
nonyoctpoBoM, Pycckas paBHuHa, CeBepnbiii KaBkas ¢ Kpeimom, VYpan, 3amagnas Cubups,
Cpennecubupckoe miockoropse, ropsl FOxuoit Cubupu, 3abaiikanse, SAxyrus, [Ipuamypse).

B wurore wccnenoBaHuit BBISBIEHA OTHOCHTENbHas CTAaOMIBHOCTh MapaMeTpOB
BHYTPHIOIYJISIIMOHHOTO MOIUMOp(dHr3Ma — CpelHero 4ucia ajieleil Ha JIOKYC, OXKUIAeMON U
HaOJroaeMol TeTepo3UroTHOCTH MOMYNALMH — B TpeAenax OoJbllel yacTh apeana ¢
TEHACHIMSIMM MX YMEHbBILIEHHUS C 3alaja Ha BOCTOK, a TaKXe€ B MapruHaJbHBIX M TOPHBIX
maccuBax (Ypain, CeBepubiii KaBka3). ['eneTtnueckue aucranuuun Hewm mMexay nomymsuusMu u
UX I'PAJMEHTHI HA MIAPOTHBIX TPAHCEKTAX B CEBEPHOM M LIEHTPAJIbHOM 30HaxX apeaya ot Pycckoi
paBHMHBI 10 SIkyTun 1 3abaiikanbs He MpeBbIIaoT ypoBeHb nomynsauui (0.008-0.012), vo B 2-3
paza Oosbllle B €ro IOKHOM M BOCTOYHOM dacTax, ocobeHHo B I[Ipmamypre. Ha Bcex
CyOMepuIMOHANIBHBIX TpaHceKTax AuddepeHnnanys nonysiuuid B CeBEpHON «ICAHUKOBOI» U
cpenHeil 3oHax apeana (55-67° c.am.) B 2-4 pasa MeHbIe, 4eM B rokHOM (48-55° c.mn.),
YMEHBIIAACh B TECHOM CBSA3M € reorpaduyeckoi MUpoToid MECTHOCTH (R* = 0.54).

VYcTraHoBNEeHa, Pa3HOCTOPOHHE MHCCIENOBaHA U TEOPETHYECKH OO0OCHOBaHA pe3Kas
TEHETUYECKasl TPAaHHULA MEXAY MOMYJSLUSAMU COCHBl Ha CYXOJOJIaX U CMEXHBIX BEPXOBBIX
0oJ0Tax B I0’KHOW YacTH JiecHOU 30HbI 3anagHoi Cubupu u Pycckolt paBHUHBL. MakcuManbHbIe
IPaJMeHThl T€HETUYECKUX JUCTAHLMN BBIABICHBI B 30HaX ropHbix xpeOtoB (Kaskas, CasHbl,
CtaHOBOI1), MEHBIINE — MEX]Ty PA3HOBBICOTHBIMHU TOPHBIMH, @ TAK)KE€ OCTPOBHBIMH CTEIHBIMU U
TOPHBIMH TONYJSIIMAMU. BriepBble ycTaHOBJIEHA pojib (aKTOPOB PENPOIYKTUBHOM H3OJSALMU
NOMYJSIIUM  (TUCTAaHIIMOHHOM, (DEHOJIOTMYECKOM, TOPHO-MEXaHUYECKOW, MHTErpalibHOM) B HX
TeHEeTHYecKOo nuddepeHaiuu 1 THAPOXOPUM CEeMSH B HUX pacceleHuu. BoisiBieHo 2
ocHOBHbIX (FOxHoypanbckuii u bankaHckuil) M 4 BTOPOCTENEHHBIX THUIIOTETUYHBIX
ruieiicroneHoBbIX pedyruyma P. sylvestris.

B pesynprare aHanM3a HepapXUUecKOM IIeSAbl CPEAHHX  «TOTAIbHBIX» U
«pETHOHANBbHBIX» reHeTndeckux auctanuuii Hen mexnay 10 ¢unoreorpadguueckumu rpymnmnamu
nomyssiiuit Bumaa Pinus sylvestris L. Ha ocHOBE OpUTHHAIBHOW T€HOCHCTEMATHUYECKOM IIKAJIBI
(Cannukos, IlerpoBa, 2003) B ero crpykrype Ha TeppuTtopuud Poccuu BbIIeNEHBl 2
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reorpapuueckue  pacsl  (Kpeimcko-CeBepokaBkasckasi,  HmxHeamypckas) u  ceMb
reorpauuecKux rpymnmn NomyIsuui.

[TpemioskeHHast TUIIOTETHYHAS CXeMa TeHOTaKCOHOMHUYECKOM CTpYKTyphl Pinus sylvestris
L. B Poccun, koropyro Oe3yciOBHO cleayeT BepUPHUIMPOBATH U KOPPEKTUPOBATH B XOJE
JATBHEHIINX MCCIIEAOBAHUM, MOXET COJICHCTBOBATh WX PA3BUTHIO M Pa3padOTKE aKTyalbHBIX
npo0iieM ceneKklnu, THOpUIu3aluy, co3aanus (peaepaabHbIX CUCTEM I'eHEeTHYECKHX Pe3epBaTOB
U JIECOCEMEHHOTO PalfOHUPOBAHUS ATOTO BUJA.

Paboma evinonnena npu nooodepoicke Ilpoepammel (yHOAGMEHMATbHBIX UCCIEO08AHUL
YpO PAH (Ne 15-12-4-13) u PODU (Ne 15-04-03899).

GENOGEOGRAPHY AND GENOTAXONOMY OF PINUS SYLVESTRIS L.
POPULATIONS IN RUSSIA
Sannikov S.N., Petrova I.V.
Botanical Garden, Ural Branch of Russian Academy of Sciences, Russia

One of the strategic problems of stable forestry in Russia on the background of
unpredicted climate changes, increase of anthropogenic stress and the threat of irreversible
violation of forest genofund is conservation, restoration and optimization of its utilization. It is
possible to solve it only on the base of fundamental study of genetical structure and
differentiation of populations of forest-forming species, in particular, Scots pine (P. sylvestris
L.).

During the last 20 years we carried out systematized interdisciplinary
ecogenogeographical study of reproductive isolation, barriers and ways of migration, allozymic
polymorphism, gradients and borders of natural populations of P. sylvestris within the whole
range of this species in Russia and Northern Eurasia (“species in the range”) on the base of the
united system of principles and methods. Allozymic analysis of tree tissues in 200 local
populations, Nei’s genetic distances (Nei, 1978) among them and their gradients were performed
on the even net of 10-12 submeridional and 4-5 latitude transects crossing 10 phylogeographic
regions of Russia (Karelia with Kola Peninsula, Russian Plain, Northern Caucasus with Crimea,
Western Siberia, The Ural, Middle-Siberian Plateau, Mountains of Southern Siberia, Transbaikal
Region, Near Amur Region).

Relative stability of intrapopulation polymorphism parameters — an average number of
alleles per loci, an expected and observed heterozygosity of populations — in the limits of the
larger part of the range with tendencies to their decreasing from the west to the east as well as in
marginal and mountain massives (the Urals, Northern Caucasus). Nei’s genetic distances
between populations and their gradients at latitude transects in northern and central zones of the
range from Russian Plain to Yakutia and Trans Baikal Region do not exceed the level of
populations (0.008-0.012), but they are 2-3 times as much in its southern and eastern parts,
especially, in Near Amur Region. At all submeridianal transects differentiation of populations in
the northern “glacial” and in the middle zones of the range (55-67° N. Lat.), decreasing in close
connection with geographical latitude of the area (R* = 0.54).

Sharp genetical border between pine populations in dry land and in adjacent high-bogs in
the southern part of the forest zone in Western Siberia and Russian Plain has been established,
studied from many sides and theoretically grounded. Maximum gradients of genetical distances
have been revealed in the zones of mountain ridges (the Caucasus, the Sayans, the Stanovoy
Range), the less ones — among populations located on the mountains of different height as well
as island-steppe and mountain ones. For the first time the role of factors of reproductive isolation
populations (distance, phenological, “mountain-mechanical”, integral) in their genetic
differentiation and seeds hydrochory in their dispersal was determined. Two main (South-Ural
and Balkan) and four secondary hypothetical Pleistocene refugiums of P. sylvestris were
revealed.
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As a result of the analysis of hierarchical pleiad of middle “total” and “regional”
genetical distances of Nei among 10 phylogeographical groups of populations of P. sylvestris
species on the base of the original genosystematical scale (Sannikov, Petrova, 2003) in its
structure on the territory of Russia, two geographical races (Crimean-North Caucasian, Near-
Amurian) and seven geographical population groups were singled out.

The suggested hypothesis scheme of genotaxonomical structure of P. sylvestris in Russia
which should be, certainly, verified and corrected in the course of further research, can
contribute to their development and to the elaboration of actual problems of selection,
hybridization, creation of federal systems of genetic reservats and forest-seeded zoning of this
species.

The work was carried out under the support of the Programme of fundamental researches
of UB of Russian Academy of Sciences (Ne 15-12-4-13) and RFFI (Nel5-04-03899).

I'EHETHUYECKHUE U OKOJOT'MYECKHUE NPUHIMUIIBI BBIAEJEHUSA, OHEHKHA 1
KIJACCUOPUKAILIUU TEHETUYECKUX PESEPBATOB COCHBbI
OBLIKHOBEHHOM
CannuxoB C.H., Hlauun C.A., CannuxkoBa H.C., [lerpoBa U.B.
Bborannueckuii cax YpO PAH, Poccus; sannikovanelly@mail.ru

CoxpaHeHue U BOCIPOU3BOACTBO IeHO(OH/IA TIIaBHBIX JIECOOOPa3yIOIIMUX BHJIOB — O/IHA
U3 CTpPATErHUYECKUX MpoOieM oOecreyeHus CTaOMIBHOCTH JIECOB, JKOJOTMYECKOro OanaHca
O6uocdeppl M yCTOWYMBOIO JIECONOJb30BaHMA. B Hacrosiiee Bpemsi eCTeCTBEHHbIE Jeca
eBporeiickoi Tepputopun Poccuun, OO0dbIIEH YacThl0O CMEHWJIMCHh AHTPOIOTCHHBIMH WIU
JIECHBIMU KYJIbTYpaMU HEU3BECTHOro mpoucxoxaeHus. [laxxe Ha Ypane u B Cubupu mout Bce
noctynHele Jjeca B XX Beke mpoiaeHsl pyOkamu. BosHukia yrposa yTpatbl  HMX
cOaraHcupoBaHHOIO pupoAHoro reHodonaa. Haspena HeoOxoauMocTh co3nanus deaepaabHoR
CHCTEMBI JIECHBIX TeHeTHdeckux peseparoB (JII'P) rmaBHBIX necooOpasyrommx BHIOB Ha
COBPEMEHHOM JKOJIOr0-TeHETUYECKOW OCHOBE. MeXay TeM, MPUHLMIIBI U METOJbl UX IOMCKA,
BbIJIETICHUS U KJIacCU(UKALIMK [TOYTH HE pa3pabOTaHbl.

Ha ocHOBe mOmynsiiMOHHO-OHONIOTMYECKUX HCCIe0BaHuil B necax Pinus sylvestris L.
HaMHd  OOOCHOBaHbl ~ KOHCTPYKTHUBHbIE T'€HETHMYECKHE M  OKOJOTMYECKHE  IPHUHIIMIIBI
11eJ1ecO00pa3HOCTH BbIIENEHUs, OlleHKH U kiaccudukanuu JII'P storo Buga. OOuIyto OLEHKY
Kiacca kayectBa JII'P mpennokeHo omnpenenars M0 MHTETPAIbHOW IIKaJe€ PaHIOBOM OLIEHKHU
TPeX KJIIOUEBBIX I'€HETHMUYECKMX MapaMeTpoB — IUIOIIAJb, CTEMEHb HApYIIEHUS BBIOOPOUYHBIMU
pyOKaMu, MHQIIIOKC Yy>KJIOM MBUIBLBI — U JABYX 3KOJOTMYECKHX — KU3HEHHOCTb JAPEBOCTOS U
BCcxokecTh ceMsH. lllkama kaxmoro mapameTrpa mnojpasjeicHa Ha 2-5 KJIaccOB, BEJINYUHBI
KOTOpBIX BO3pacTalOT IO Mepe YXYAIIeHHS HMX KadyecTBa BIUIOTh JO HEKOTOPOro Ipejena,
HepoctaToyHoro juis Beiaenenus JII'P (Cannukos u ap., 2015).

besycioBHo, mpropuTeTHBIM («0a30BbIM») MapaMeTpoM oleHku kiacca JII'P sBusercs
ero miomanp (a, ciaenoBarenbHO, U d((EKTUBHAS UYUCIEHHOCTh) TMOMYJSALUU, KPUTHUYECKUH
MUHUMYM KOTOPOM OmpeseNieH M0 MUHUMAJIbHO JOCTATOYHBIM IS MPEeIOTBPALEHUS CHIILHOTO
uHOpuaAMHTa mapamerpaM mnonumopdusma. MccnenoBanus mokasamu (CannukoB u ap., 2011),
YTO CpeAHee 4YMCIO ayjiesied Ha JIOKYC M OXHJaeMas TeTepO3UTrOTHOCTh B MaprHHaJIbHBIX
OCTPOBHBIX MaccuBax P. Sylvestris pe3ko nmagarot nmpu yMeHbIIeHHH UX Tutomiaan Huxke 1000 ra,
KOTOpas ¥ MPUHSATA B KaueCTBe MUHUMAaNbHO aoctatouHoi 1uist JITP | knacca.

[Ipu yBenuyenun (yxyameHuu) maoboro apyroro mapamerpa JII'P na oaun Oamn, mo
CPaBHEHHMIO C MEPBBIM KiaccoM, oOuias onenka JII'P Bo3pacraer Ha 0.5 knacca. Hampumep, npu
YBEJIMYCHUU MHTEHCHBHOCTH BBHIOOPOYHOI pyOKHM BBIIIE YCIOBHO Jaomyctumoro mpenena (5%)
10 5-10% wnnum 10-20% xmacc JITP yxyamraercst va 0.5 v 1.0 6amia coOTBETCTBEHHO.

MunuManbHas mupuHa OydepHoil 30HBI, npemoxpanstomeit JII'P or ummurpanuu
YyXJA0W MBUIBLBI U CeMsH (U3 KYJIbTYp HEU3BECTHOT'O MPOUCXOXKACHHS) HA OCHOBE M3YyUEHHBIX
napaMeTpoB pacrnpocTpaHeHuss nbeuiblpl  (CanHukoB, IlerpoBa, 2003) M MuMHHMaNbHOU
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IUIOTHOCTH €€ TMOTOKa, HeoOX0auMoil i1t 3(h(hEeKTUBHOTO ONBUICHHS CEMAIOYEK COCHBI (Sarvas,
1962), onpenenena paBHoit 1.5 kM. MaTencuBHOCTh ee nHpmokca B JII'P u3 OydepHOi 30HBI
OINpeAeNsAeTCs MO OTHOLICHHIO IUIOLIAJM APEBOCTOEB YYXAbIX IMOMYJISLUUN B 3TOM 30HE K
wiomaau momyisiiuu P. sylvestris B JIT'P.

OCHOBHBIMU 3KOJIOTUYECKUMU NIapaMmeTpamu nonyisuuu JII'P, nerepmunupyromumu ee
JOJITOBPEMEHHYIO CTa0MJIBHOCTh M KAueCTBO CEMsH, SIBJISIFOTCS JOCTAaTOYHAs YHCICHHOCTH
JIepeBbEB (MPOMOPLIMOHATIbHAS TUIOLIAH), @ TAKXKE )KM3HEHHOCTh, KJIacC KOTOPOH ompenensercs
no «CaHuTapHbIM TpaBWiIaM B Jiecax Poccuiickoit ®Denepanum» (1998), u maboparopHas
BCXO0’KECTh CEMsH, YCTAHABIMBAEMas B JIECHOM U JIECOCTEIHOM 30HAX IO IIKAJIe JIEUCTBYIOIIETO
I'OCTa, a B mpensiecoTyHipe 1o 0co00i pernoHaIbHOM IIKaJIe.

Ha ocHoBe mpenioXKEeHHOW MHTETPaJbHOM IIKAJIbl OTKPBIBAETCS BO3MOXHOCTH
FEHETHUYECKH U SKOJOTMYECKH OOOCHOBAaHHOTO BBIJCNICHUS, CPABHUTEIBHOM OLEHKU U
kiaccudukaruu JIIP P. sylvestris Ha pernoHaibHOM u 00IIEPOCCUIICKOM YPOBHSIX.

Paboma evinonnena npu nooodepoicke Ilpoepammul (yHOAMEHMATLHBIX UCCIEO08AHUL
YpO PAH Nel5-12-4-13.

GENETIC AND ECOLOGIC PRINCIPLES OF ISOLATION, ESTIMATION AND
CLASSIFICATION OF SCOTS PINE GENETIC RESERVATIONS
Sannikov S.N., Shavnin S.A., Sannikova N.S., Petrova I.V.

Botanical Garden, Ural Branch of Russian Academy of Sciences, Russia;
sannikovanelly@mail.ru

Conservation and restoration of genofund of the main forest-forming species — one of the
strategic problems of guaranteeing forest stability, ecological balance of biosphere and stable
forest use. At present time natural forests of Russian European territory for the most part have
given way to anthropogenic and forest cultures of unknown origin. Even in the Urals and Siberia
almost all accessible forests were passed cuttings in the 20" century. Their balanced natural
genofund was under threat of loss. The necessity of creation of federal system of forest genetic
reservations (FGR) of the main forests forming species on the modern ecology-genetical base
has matured. Meanwhile, principles and methods of their search, isolation and classification are
almost not developed.

We substantiated constructive genetic principles of expediency of isolation, estimation
and classification of FGR of this species on the base of population—biological research in Pinus
sylvestris L. forests. We suggested to determine the total estimation of FGR quality class on the
integral scale of the rank estimation of three key genetic parameters — an area, an extent of
disturbance by selective cuttings, an influx of alien pollen — and two ecological ones — the
vitality of a stand and seeds germinating capacity. Each parameter scale is subdivided into 2-5
classes, the values of which increase with the deterioration of their quality up to some limit
which is in — sufficient for FGR isolation (Sannikov et al., 2015).

The area (and, consequently, effective numbers) of the population, the critical minimum
of which has been determined by polymorphism parameters minimally sufficient for the
prevention of strong inbreeding, is undoubtedly, of high priority (“base’) parameter of FGR class
estimation. The researches have shown (Sannikov et al., 2011) that the average number of alleles
per loci and supposed heterozygosity in marginal island massives of P. sylvestris decrease
abruptly under the reduction of their area below 1000 ha that is taken as a minimally sufficient
one for I class FGR.

Under increasing (deterioration) any other FGR parameter of 1 rank by comparison with
the first class, FGR general mark increases in 0.5 of the class. For instance, under increasing
selective cutting intensity higher than conventionally acceptable limit (5%) up to 5-10% or up to
10-20%, FGR class becomes accordingly worse by 0.5 or 1.0 mark.

The minimal width of buffer zone protecting FGR from immigration of alien pollen and
seeds (of the cultures of unknown origin) has been taken to be equal to 1.5 km on the base of
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studied parameters of pollen distribution (Sannikov, Petrova, 2003) and of minimal density of its
flow, necessary for the effective pollination of pine seed-buds. The intensity of its influx in FGR
out of buffer zone is determined with the regard the area of alien populations in this zone to P.
sylvestris population area in FGR.

Main ecological parameters of FGR population determining its long-duration stability
and seeds quality are sufficient number of trees (proportional to the area) as well as the stand
vitality, the class of which is determined by “Sanitary Regulations in the Forests of Russian
Federation” (1998). Besides a laboratory seeds germinating capacity is very important, which
established in the forest and forest-steppe zones on the scale of functioning S.S.T.D., but in for-
forest-tundra — on the special regional scale.

The possibility of genetically and ecologically well-grounded isolation, comparative
estimation and classification P. sylvestris FGR on the regional and state levels is revealed on the
base of a suggested integral scale.

The work was carried out under the support of the Programme of fundamental researches
of UB of Russian Academy of Sciences (Ne 15-12-4-13) and RFFI (Nel5-04-03899).

T'UIOTE3A TEHETUYECKOM HNHTEI'PAIIUN HOHYJISH_H/Iﬁ PINUS SYLVESTRIS
L. B JOJHUHE P. ObU BCJIEACTBUE UX THIPOXOPHUHA
Cannuxosa H.C., Eropos E.B.
Bborannueckuii cax YpO PAH, Poccus; sannikovanelly@mail.ru

BbisiBIIeHMIO  IeHETMYeCKOH  AMBEPreHUUH  JACHAPONOMYNIALMH,  LEHTPOB  MX
NPOUCXOXKACHUS U (DUIOTEHETHYECKHX CBSA3eH MOXKET BO MHOTOM CIIOCOOCTBOBATH M3Y4EHHUE
croco0oB, TeMIOB U nyTel ux Murpanuu. CKOpoCTh pacceseHus MOMyJsALUid BUIOB HOJpOJa
Pinus oOBIYHO CBS3BIBAIOT CO CKOPOCTHIO UX aHemMoxopuu. OJHaKO BechbMa OBICTpPOE
pacnpocTpaHeHHe COCHbI OOBIKHOBEHHOM B TOJIONIEHE — cO cKopocThio 10 600-1100 kM/1000 net
— kak B EBpome, Tak u B Cubupu, He MOXKeT OBITh OOBSCHEHO JIMIIb aHEMOXOPHEW ee CeMsH,
cpeaHsist CKopocTh KoTopoil He Beime 50-60 km/1000 net, a makcumanbHasg — 120-140 km/1000
ner. Mexny TeM, Oblia BBISBIIEHA BbICOKAas IJIaBaTelbHAs CIOCOOHOCTh CEMSIH XBOWHBIX B
peunoit Bosie (CannukoB, Cannukosa, 2007, EropoB u ap., 2010) 1 060CHOBaH 3CKHM3 TEOPUHU UX
ruapoxopun (CannukoB, CannukoBa, 2008). Ee cienctBuemM MAOMKHBI OBITH CXOZACTBO
reHo(oH1a COCHBI B/IOJIb pycen peK U 00ibIas cTeneHs ero AuddepeHnnany B HapaBIeHUN
MOTIepEeK UX BOJOPA3/IEIIOB.

Jlia mpoBepku 3Toil runores3sl B 2014 1. HaMu BBINOJIHEH AJUIO3MMHBIN aHAIN3 BOCBMHU
JIOKaIbHBIX monyJsiiuid Pinus sylvestris, pacmonoxeHHbIX BI0Jb pycia p. OOH — OT HCTOKOB P.
bun 1o HuzoseeB: Teneukoe o3epo, bapnayn, Tomck, Cypryr, XaHTbl-MaHcCHICK,
I'eonornueckuii, bepe3oBo, p. CbHA. [ cpaBHEHMS MNPOBEAECH aHAIU3 aIO3MMHOMN
muddepeHManuy nonynsauuii Ha 16 TpaHcekTax mormepek BoaopasnesnoB OO0M co CMEXHBIMU
pexamu (Enuceit, Haneim, [yp, Bax, Eauceit, Uyneim, [lensim, Konna, TaBaa).

Anamus renernueckux auctannuii Hem (Nei, 1978; DNvg) na npotsbkenuu 3000 kM
BIOJMb pycia p. OOM mokazan, dYTO MEXIy MONYJISIUOHHBIMH BBIOOPKAMU COCHBI,
pacnookeHHbIMU Ha paccTostHUM oT 250 no 880 kM Opyr OT Apyra OHU B COOTBETCTBHH C
reHocuctemarndeckor 1mkanoil (CannukoB, IlerpoBa, 2003, 2012) He mnpeBbIMIAIOT paHT
cyononyssitu (DN7g = 0.001-0.003). Cpennsist BenmurHa reHeTudeckoi nuctanuuu DNyg 3mech
paBHa 0.0025+0.0009. Takum oOpa3oM, Ha TPOTSKEHUU Bceil AoauHbI p. OOHM JOKAJIbHBIC
HOMYJSIUN  COCHBI OOBIKHOBEHHOM, IPEJICTAaBISAIOT COOOH OJHY THraHTCKYH JMHEHHYIO
MeTanonynauuoo. Panee aHanmormuHas cnabas ayuio3umHasi auddepeHumanus nonynsudid (Ha
ypoae DN7g = 0.002-0.003) na npotsixenun 800 kM Brosb AoiuHbl p. OOK HaliieHa y MUXTHI
cubupckoii C.A. Cemepurooii (2008). ITo utoram anamusa mutoxonapuansHoi JTHK Larix
sibirica (CemepukoB, 2005) Takke BBISIBICHO 3HAYUTEIBHOE CXOJCTBO CIIEKTPOB TaljIOTHIIOB
MEXy MOonmyasuusMu 3Toro Bujaa B CasHax ¥ B HU30BbsX p. OOu, KyJa, M0 HalleMy MHEHHIO,
BBICOKO BEpOSITHA THJIPOXOPHS €ro ceMsH 1o pekam AHrape u O6u.
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Amnanmu3 reHerndeckux auctanimii Hem (DNyzg) mexny momymsimusmu P. sylvestris wa
TPAHCEKTaX, IEPECEKAIINX BOJOPA3Jeibl CMEXKHBIX ¢ JMoJuHOW OOM pedyHbIXx OacceiHOB
(mputokoB OOu u EHmces) ToOKa3pIBacT, YTO OHH B OOJBIIMHCTBE CIy4aeB HAXOMISITCS B
npeaenax 0.004-0.009. B cpennem DNy7g mexny Humu paBHa 0.0054+0.0019, Gonee yem B 1Ba
pa3a mpesbimas DN7zg Mexay mOmymsIusMHU, paclojoKeHHbIMUA BIoNb pycia Oou. CkopocTh
AQHEMOXOPHOTO paccesIeHus momysiuii P. Sylvestris, BerarcaeHHast HaMH 110 TTaTMHOIOTHYECKAM
nanabiM T.A. Brsxapuayk (2012), B mexxaypeusn O6b-Enuceii (56-96 km/1000 net) Ha nopsaok
MeHbIIIe, YeM Boib pycia O6u, ot r. baprayna 1o ycrbs p. Ceiau B nepuos ¢ 12000 xo 9000
net Hazan (B cpeareM — okoio 800 km/1000 ner).

MOXHO TMpennoyiokuTh, 4YTO B TOJOLIGHE PEKOJOHU3ALUA MOMYyJISUUNA  COCHBI
OOBIKHOBEHHOM M3 €€ TUIOTETHYHBIX pedyruyMoB Ha AJTae Ha CeBepo-3amaj 3amaJHou
Culbupu, mpoucxouia, Ipexe BCero, myTeM THIpOXOpHH ee CeMsH 1o TeueHuto p. Oou. Panee
HaM¥ OBLIO BBISIBIICHO, YTO BJOJIb pycell Apyrux pek Pycckoii paBHuHbl u1 Cubupu — J{Hemnpa,
To6oma u Cenenru — DN7g mesxay momynsusivmu P. sylvestris Taxoke B 2-3 pasa menbiire (0.003-
0.012), yem Ha TpaHcekTax momnepek ux BoaopaszaenoB (0.009-0.032, CannukoBa, CaHHUKOB,
2007). B nenom, rumnoresa npuopuTeTa TUAPOXOPUH MOMYJISIUN COCHBI BIOJb PEK KaK KaHallOB
HUCXOJISIIET0 MOTOKA TeHOB MEX/Ty HUMH BITOJTHE ITOATBEPKTACTCS.

Paboma evinonnena npu noooepoicke Ilpocpammvl (pyHOAMEHMATbHBIX UCCIEO08AHUL

VpO PAH (Ve 15-12-4-13).

HYPOTHESIS OF GENETIC INTEGRATION OF PINUS SYLVESTRIS L.
POPULATIONS IN THE VALLEY OF THE OB RIVER BASED ON THEIR
HYDROCHORY
Sannikova N.S., Egorov E.V.

Botanical Garden, Ural Branch of Russian Academy of Sciences, Russia

Revelation of genetical divergence of dendropopulations, centres of their origin and
phylogenetic connections can be, in many ways, encouraged by studying ways and methods of
their migration. The rate of colonization of populations of Pinus subgenus species is usually
connected with the rate of their anemochory. However, rather fast distribution of Scots pine in
Holocene — at the rate up to 600-1100 km/1000 years — both in Europe and in Siberia can not be
explained only by anemochory of its seeds, an average rate of which is not more than 50-60
km/1000 years and the maximum one — 120-140 km/1000 years. Meanwhile, high natatorial
ability of the coniferous seeds in river water has been revealed (Sannikov, Sannikova, 2007,
Egorov et al., 2010) and a sketch of theory of their hydrochory has been substantiated (Sannikov,
Sannikova, 2008). The resemblance of pine gene pool along river-beds and a higher degree of its
differentiation in the direction across their watersheds must be its consequence.

In order to check this hypothesis in 2014 we carried out the allozyme analysis of 8 local
Pinus sylvestris populations disposed along the Ob river-bed — from the source of the Bia river to
the lower reaches of the river: Teletskoe Lake, Barnaul, Surgut, Khanty-Mansiysk,
Geologichesky, Beryozovo, the Sinya river. The analysis of allozyme differentiation of
populations at 16 transects transverse to the Ob watersheds with adjacent rivers (Yenisei,
Nadym, Pur, Vakh, Chulym, Pelym, Konda, Tavda) was carried out for comparison.

The analysis of Nei’s genetical distances (Nei, 1978; DN7g) along 3000 km of the Ob
river-bed has shown that they in accordance with genosystematical scale (Sannikov, Petrova,
2003, 2012) exceed not the rank of subpopulation (DN7g = 0.001-0.003) among pine selections
situated in the distance from 250 to 880 km from one another. The average value of genetic
distance of DN7g here is equal to 0.0025+0.0009. Thus, local populations of Scots pine over the
whole valley of the Ob river represent one gigantic linear metapopulation. Earlier, analogous
weak allozyme differentiation of Abies sibirica populations (at the level of DN7g = 0.002—0.003)
over 800 km along the Ob river valley was found by S.A. Semerikova (2008). According to the
results of the analysis of mitochondrial DNA of Larix sibirica (Semerikov, 2005) considerable
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resemblance of haplotypes spectra of this species has also been revealed between populations the
Sayans and in the lower reaches of the Ob river, where, in our opinion, hydrochory of its seeds
along the Angara and the ODb rivers is highly probable.

The analysis of Nei’s genetical distances (DN7g) among P. sylvestris populations at the
transects crossing watersheds of river basins (the Ob and the Yenisei rivers tributaries) adjacent
to the Ob river valley shows that they in most cases are within 0.004-0.009. On the average,
DNy7g between them is equal to 0.0054+0.0019, exceeding more than twice DN7g among
populations situated along the Ob river-bed.

The rate of anemochorous dispersal of P. sylvestris populations which we calculated on
palynological data of T.A. Blakharchuk (2012) across the Ob-Yenisey watershed (56-96
km/1000 years) is by an order of magnitude less than along the Ob river-bed from Barnaul town
to the Sinya river estuary in the period from 12000 to 9000 years ago (on average — about 800
km (1000 years).

One can suppose that recolonization of Scots pine populations from its hypothetical
refugiums in the Altai to northern-west of Western Siberia in Holocene occurred, first of all, by
hydrochory of its seeds with the stream of the Ob river. We revealed earlier that along river-beds
of other rivers of Russian Plain and Siberia — the Dnieper, the Tobol and the Selenga — DNg
among P. sylvestris populations is also 2-3 times less (0.003-0.012) than at the transects across
their watersheds (0.009—0.032, Sannikova, Sannikov, 2007). In the whole, the hypothesis on the
priority of pine population hydrochory along rivers as canals of downgoing genes flow among
them is confirmed entirely.

The work was carried out under the support of the Programme of fundamental researches
of UB of Russian Academy of Sciences (Ne 15-12-4-13).

PA3PABOTKA MAPKEPOB MUTOXOHIPUAJIBHOM JTHK KJIIOUEBBIX
XBOMHBIX BUJIOB CUBUPCKHUX BOPEAJIBHBIX JIECOB HA OCHOBE
I'EHOMHOI'O CEKBEHUPOBAHUA U UX UCITOJIb30OBAHUE B
OUJIOTEOT' PAOUUN

CemepukoB B.JL.}, IIyrunnesa JO.A2 Opemkosa H.B.2%, KpyroBckuii K.B.>**®
1I/IHCTI/ITyT sKosoruM pactenuii u xuBoTHeIX YpO PAH, Exatepun0Oypr, Poccus
semerikov@ipae.uran.ru
2CI/I6I/IpCKI/II71 benepanbHblil yHUBepcHuTeT, KpacHospck, Poccust
3I/IHCTI/ITYT neca uM. B.H. CykxaueBa CO PAH, Kpacnosipck, Poccus
sI'érTunrenckuil yausepcureT um. ['eopra-Asrycra, I'értunren, I 'epmanus
5I/IHCTI/ITyT o6meii renetnku uM. H.J. Basunosa PAH, Mocksa, Poccus
®Texacckwuit yauBepcuteTA&M, Komnemk-Creitmnen, Texac, CILIA

Jlyia BUJIOB ceMeiicTBa COCHOBBIE, KIIFOUEBBIX XBOMHBIX BUJIOB CHOHMPCKUX OOpeasbHbIX
JecoB, OJAHMMH M3  Haubojee WHGPOPMATUBHBIX TE€HETHMYECKHMX  MapKepoB  JUis
¢dunoreorpaduecKuX HCCICIOBAHUN SABJISIOTCS Mapkepbl wmutoxoHapuanbHoi JIHK. B
4acTHOCTH, (uioreorpadusi cocHbl OOBIKHOBEHHOW B mpesenax OoJblleil yacTH apeaja Ha
OCHOBE M3MeHUYMBOCTH MuUTOXOHApHanbHOM JIHK panee He Obla M3ydeHa B CUITy OTCYTCTBHUS
noJauMOp(HBIX MapkepoB. i ux pa3paboTKU MBI HCHOJIB30BAIH JIBa MOAX0a. Bo-TiepBhIX, C
nomotbio MeTtona oOpamieHHoi [P ™Mb wmccmenoBanmm Hexkoaupyromue (HIaHKUPYIOIINe
00J1aCTH MUTOXOHJIPUANIBHBIX T'€HOB COCHBI OOBIKHOBEHHOM M Jajiee, Ha OCHOBE MOJYYEHHBIX
HYKJIEOTH/IHBIX TIOCJ€IOBaTeIbHOCTeN pas3pabaTsiBamy HoOBble mapel [ILP mpaiimepoB st
NoucKa nosuMoppu3Ma B aMIUIM(DUIUPOBAHHBIX YYacTKaX MOCPEACTBOM PECEKBEHUPOBAHUS B
HEOOJBIIION BBIOOPKE 0C00€i pasHoro reorpaduuecKkoro MPOUCXOXKACHHUS. IDTOT CIOCO0
MO3BOJIMJI BBISIBUTH U3MEHUMBOCTH B reHax COX| u atpA B eBpomeiickoif Poccun. K coxanenuto,
M3MEHYMBOCTh afpA oOKazanach MOJIHOCTHIO CLEIUIEHHOM C HM3MEHUYMBOCTBIO YK€ H3y4YEHHOTO
Mmapkepa had7 u, mosTomy, He HaéT HOBOM MH(opMarnmu. V3MeHYMBOCTDH ke COX| mo3BommiIa
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pa3lieuTh BBISIBJICHHBIN paHee TamioTun C Ha JiBa: ca u CC. K 3amany ot TBepu BcTpedeHsl Tpu
rarioTuna — a, €a u cc. K Boctoky ot Bragumupa — Tonbko a, MeXIy STUMH ITyHKTaMH — a U Ca.
Bropoii moaxon ocHoBaH Ha cekBeHupoBanuu obmieir JIHK, koTopas comepXuT saepHbId U
UTOIJIa3MaTH4YeCKie (MUTOXOHAPHAIBHBI M  XJIOPOIUIACTHBIM) TE€HOMBI, W BKIIIOYal
CIIEAYIOIIME JTalbl: YaCTMYHOE CEKBEHHMPOBAHHME TE€HOMOB COCHBI, Keapa, CHOUpPCKOM
JIMCTBEHHHMIIBI M TTUXTHI ¢ TTOMOIIbI0 cekBeHaTopa Illumina HiSeq2000, kapTupoBanue puioB Ha
YK€ JOCTYIHBIE COOPKM MHUTOXOHJIPHAIILHOTO TEHOMOB, OTOOp pPHAOB, MPEICTABISIFOIINX
MUTOXOHJIPHAJIbHBIN T€HOM, U COOPKY KOHTHUI'OB, a TaKXe HCIOJb30BaHUE BCEX KOHTHUTOB JUIS
MOWCKa TOMOJIOTHYHBIX HYKJICOTHUIHBIX CHKBEHCOB B 0Oa3ze maHHBIX GenBank ¢ momorisio
nporpammbl BLAST u 0TOOp KOHTHTOB, HMEIOIIMX TOMOJIOTHIO ¢ MUTOXOHAPUAILHBIMU T€HAMU
pactenuii. B pe3ynbpTare 06110 0TOOpaHo okosio 618 kouTuros oomei qmmaoi 1414000 m.H. Ha
ux ocHoBe Obumn paspabortansl [I[[P mnpaiimepbr ans aMmMuKauu U MOCIEAYIOIIEro
BBIOOPOYHOI'O PECEKBEHUPOBAHUS OTACIBHBIX YYacTKOB ¢ moMolbio Meroaa Canrepa.
[Ipeumy1iecTBO Mpu BHIOOPE OTIABAJIOCh YYacTKaM COJAEp KAIllUM TaHJEMHbIE TTOBTOPHI JIMHON
Oosee 3 MOBTOPOB M MOTHUBOM JITHHOW Oosiee 10 HyKIeOTHOB. YUacTKu OOIIeH JUIMHON OKOJIO
70000 m.H. ObUTM pECEeKBEHHUPOBAHBI y 8 JNepeBbeB, MpeAcTaBigrmux Bocrounyio Espory,
KaBka3 nu Monronuto. beuto BBISIBIEHO 3 OJHOHYKJICOTHIHBIX MOJUMOPQPHBIX MapKEPOB — T.H.
«cHuMoB» (SNPs) o koropbiM cocHbl ¢ KaBkasza oTiaM4ainch OT OCTaIbHON YacTH apeaya. XOoTs
B OCHOBHOW 4YacTH apeajla OHM He ObUIM W3MEHYHBBI, HO TIO JBYM W3 HUX OOHapyKeHa
M3MEHYMBOCTh B Tpenenax Kapkaza. Kpome Toro, B OJHOM W3 KOHTUTOB OBLI HaiiJleH
MUHHCATEIUTUTHBINA JIOKYC, UMEIOIINNA MOTUB IIuHOM 30 HYKJICOTHIOB, MOBTOPSIOMUACS OT 1 10
42 pa3. Ero reHotunupoBaHue y 192 coceH CHOUPCKOr0, MOHIOJIBCKOTO U
BOCTOYHOEBPOIEHCKOI0 IPOUCX 0K ACHUS BbIBUIIO 20 aienei.

Paboma noooepocana PODU (npoexm 13-04-01028) u Ilpasumenvcmeom PD (0ocosop
Ne 14.Y26.31.0004).

DEVELOPMENT OF MITOCHONDRIAL DNA MARKERS IN KEY SIBERIAN
BOREAL FOREST CONIFER SPECIES BASED ON GENOME SEQUENCING AND
THEIR USE IN PHYLOGEOGRAPHY
Semerikov V.L.}, Putintseva Y.A.?, Oreshkova N.V.**, Krutovsky K.V.2*>®
YInstitute of Plant and Animal Ecology, Ural Branch of Russian Academy of
Sciences, Yekaterinburg, Russia; semerikov@ipae.uran.ru
2Siberian Federal University, Krasnoyarsk, Russia
%V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences,
Krasnoyarsk, Russia
*Georg-August University of Géttingen, Géttingen, Germany
®N.I. Vavilov Institute of General Genetics, Russian Academy of Science, Moscow, Russia
*Texas A&M University, College Station, Texas, USA

Studying species history using data on geographic distribution of genetic variation is the
subject of phylogeography, which is one of areas for population genetics. Mitochondrial DNA
markers are one of the most informative genetic markers in phylogeographic studies of conifer
species, the keystone species of Siberian boreal forest. The phylogeography of Scots pine based
on the mitochondrial DNA variation has not been previously studied for the most area of this
species due to the lack of polymorphic markers. We used two approaches for their development.
First, using the inverse-PCR method we sequenced the non-coding flanking regions of the
mitochondrial genes of Scots pine and then, based on the obtained sequences developed new
pairs of PCR primers to search for polymorphism in the amplified fragments by resequencing
them in a small sample of individuals representing different geographic origin. This method
revealed variation in genes coxl and atpA in European Russia. Unfortunately, polymorphism in
atpA was tightly linked to the variation of the previously investigated marker nad7 and,
therefore, was not informative. Variation in coxl allowed us to split the previously identified
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haplotypec into two haplotypes: ca and cc, respectively.Therefore, three haplotypes- a, ca and cc
- were found to the west of Tver Region. To the east of Vladimir Region only a was found,while
a and ca were found between these regions. The second approach was based on the total DNA
sequencing including nuclear and cytoplasmic (mitochondrial and chloroplast) genomes, and
using the following steps: 1) a partial sequencing of DNA isolated from Scots pine, Siberian
stone pine, Siberian larch and Siberian fir using the Illumina HiSeq 2000 sequencer, 2) mapping
of the obtained short reads to the already available assemblies of mitochondrial genomes, 3)
selection of the reads representing mitochondrial genome, 4) assembling of contigs, and their
verification via BLAST search in the GenBank database, and 5) finally selection of contigs
having homology to mitochondrial genes of plants. As a result, 618 contigs were selected with a
total length of about 1414 Kbp. Then, the PCR primers were designed for partial amplification
and following resequencing of the amplicons using the Sanger sequencing method. Minisatellite
regions containing more than three tandem repeats with motif longer than 10 nucleotides were
markers of choice for target resequencing. The selected fragments with a total length of about
70,000 bp were resequenced in eight trees representing Eastern Europe, Caucasus and Mongolia.
Three SNP markers were revealed, which discriminated pines in Caucasus from the rest of the
range. Although they were not variable within the main part of the range, two of them were
polymorphic within Caucasian region. Furthermore, one minisatellite marker was found having a
30 nucleotide motif and repeat number ranging between 1 and 42. Its genotyping in 192 trees of
Siberian, Mongolian and East European origin revealed 20 alleles.

The research was supported by Russian Fund for Basic Research (project 13-04-01028)
and by Government of Russian Federation (contract 14.Y26.31.0004).

CIHHOHTAHHASA T'NBPUAN3SALUSA ITUXT B IPUPOAHBIX HOIIYJIALIUAX U B
KYJBTYPE, UAEHTUO®UKALUSA OGPA3LOB, POJIb T'NBPUIU3ALINU B
IBOJIOIUU POJA ABIES: JAHHBIE MOJIEKYJIAPHO-®UJIOT'EHETUYECKOI'O
AHAJIM3A
CemepuxoBa C.A., Cemepuxos B.JI.

Hucrutyt 3xonoruu pactennii u xkuBoTHBIX YpO PAH, Poccust; s.a.semerikova@ipae.uran.ru

Buaer nuxt (pox Abies Mill., Pinaceae) cmabo wu301MpoOBaHbI PENPOIYKTUBHO U
OTHOCHTEJIBHO JIETKO THOPUAM3UPYIOT B MPUPOIHBIX U MCKYCCTBEHHBIX ycnoBusx (Hunt, 1993;
Kormutak et al., 2004, 2013; Kopomnaunnckuii, Mumotus, 2006; Semerikova et al., 2011, u ap.),
YTO 03HAYAET BAKHYIO POJIb MEXKBHJIOBOM TMOPUAN3ALIMN B BOTIOLMN JaHHOW TPYIIIHL.

B Hacrosimee Bpemsi pa3iaMuHbIE 3K30THUECKME BHJbI M THOPHUIBI MUXT IIUPOKO
UHTPOJYLUPYIOTCS B apOopeTymax, A MOCIEIYIOLIero HCIOJIb30BaHUs B O3€JICHEHUU U
JIECOBOCCTaHOBJIEHUHU. B TO e Bpems uaeHTU(UKalMsg KOHKPETHBIX 00pa3loB pa3HbIX BUIOB
Abies Ha ocHOBe MOpP(}OJOTHYECKHX IPU3HAKOB CHIIBHO 3aTpyJHEHa Onarogapsi BBICOKOI
IUIACTUYHOCTHU M CIIOCOOHOCTH K (POPMHUPOBAHUIO THOPUIHBIX TAKCOHOB.

C nenbio u3ydeHust GUIOreHUH, YBOITIOIIMOHHON UCTOPUH U MOJIEKYJISIPHOM CUCTEMAaTHKU
OUXT HaMH ObLTa TpoBejaeHa (uiIoreHeTndeckas pekoHcTpykims pomaa Abies (Cemepukosa,
Cemepukos, 2014 a, b). Mcnonb3oBauch HYKICOTHUIHBIE TOCIEIOBATEILHOCTH (PAarMEeHTOB
xnopornactaoi JIHK (xn/IHK), macnmemyemoit y BumoB Pinaceae mo OTIOBCKOW JIMHUH, W
mutoxouapuanbHor JIHK (MTIHK), Hacmemyemoit mo marepuHckoil nuHuH. Beero y 76
o0pasioB 42 TakcoHoB Abies Obuto cekBeHupoBaHO mATh (parmentoB xnIHK (mmmHO#N 5659
nap HyKJIeoTHI0B, 221 myranuii B npeaenax poxaa Abies) u tpu ¢pparmenta mtIHK (4009 n.H.,
43 mytanuu). B xone uccnenoBanus ObUTO MOKa3aHO HAIMYWE COBPEMEHHOW MHTPOTPECCUBHOM
rHOpUIU3aME MEXAY HEKOTOPbIMHM BHAaMHU NUXT. Kpome Toro, ObLIM BBIABICHBI MPU3HAKH
IpeBHeW rubpummszauuu — uHTporpeccun u pekomOuHanmu MTAHK Mmexny ymaneHHBIMU
JUHUSAMH, YTO, B COBOKYIIHOCTH C TIpoBeneHHBbIM aHanmu3zoMm AFLP, mo3Boisier mpeamnosiaraTh
HAJIMYUE HWCTOPUYECKOTO T'€HETHYECKOr0 TOTOKa Mexay Bumamu Abies u  rubpumHoe
IIPOUCXOXKIEHNE HEKOTOPBIX U3 HUX.
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Kpome QumoreHeTn4eckoii pEeKOHCTPYKIMH, BbIsABICHHas u3MeHuuBocTh XnJIHK wu
MT/IHK Moxer OBITh wHCHONB30BaHA I TPAKTHUYECKUX IeJield, a WMEHHO — JJIA
TaKCOHOMHYECKOW HACHTU(HUKAIIMM KOHKPETHBIX OOpa3lOB NMUXT B MPUPOJEC M KYIbType, a
TaKXe Il BBISABJICHUS CIIOHTAHHBIX M WUCKYCCTBEHHBIX TMOPUAOB. MI3MEHUMBOCTH HM3Yy4EHHBIX
[UTOIUIA3MAaTHYECKUX (parMeHTOB OKa3anach JOCTAaTOYHOM JJIsl pasfelieHus o0pasloB
OOJIBITMHCTBA BUJIOB IMUXT B COOTBETCTBUE C TAKCOHOMHYECKOW MPUHAJICKHOCTHIO. Y MHOTHX
TAKCOHOB OBLIM OOHApPY>KEHBI BHIOCTICU(PHUECKUE MYTAIIUN U UX KOMOWHAIIMHU, TTO3BOJISIOINE
UICHTU(PHUIIMPOBATH 00pa3Ibl KOHKPETHOTO TaKCOHA. Mcronb3ysi KOMOMHAIIMH TEHETHYECKUX
MapKepoB C Pa3TUYHBIM TUIIOM HAcIeOBaHMS, Mbl BBISIBHJIM MHOXECTBO CIy4aeB CIIOHTAaHHOMN
THOPHIIU3AIMH MEXIYy SK30THUYECKMMH W MECTHBIMU BHJAMH NMUXT B OOTAaHMYECKHX Cajax,
apboperymax u nuToMHuKax. CIMCOK MOATBEPKAEHHBIX CIOHTaHHBIX TuOpuaoB Abies: (4 x Q)
A. sibirica x A. balsamea, A. balsamea x A. sibirica, A. balsamea x A. lasiocarpa, A. homolepis
x A. veitchii, A. homolepis x A. koreana, HeyCTaHOBJICHHBIN BUJ U3 YHCIIA CPEAM3EMHOMOPCKHX
x A. holophylla, A. sibirica x A. semenovii. Takxe mpu BBIPAIIMBAHUN 3K30THYECKHX BHJIOB
UXT UMENIM MECTO OIIUOKH B TAKCOHOMUYECKON MACHTU(PHUKAIMH, B OCHOBHOM IIPH TOJTYYCHUU
Matepuajia HEMPUPOJHOTO TPOMCXOXKICHUS W3 THTOMHHMKOB M OOTaHWYECKHX CcaloB. B
HECKOJIPKUX CITydasiX UCTHHHAS BUI0BAs PHHAUIC)KHOCTh ObLIa yCTAaHOBJICHA.

Hamm wmcciienoBanusi mokasaiy, 4TO TPU WHTPOIYKIIMUA SK30THYECKUX BHUJIOB IHXT,
CO3/IaHUM W BBHIPAIIMBAaHUM IUIAHTAIMI CJENyeT YYUTHIBATh BO3MOXKHOCTH THOPHAM3ALUU H
OIIMOOYHBIX ONPEACICHHU, U IPOBOUTh TEHETHUECKYIO UACHTU(DUKAIMIO 00pa3IoB, OCOOCHHO
U3 CEeMSIH HEMPUPOIHOTO MTPOUCX OKICHHUS.

Paboma evinonnena npu noodepoicke epanma PODOU Neld-04-00848A.

SPONTANEOUS HYBRIDIZATION OF FIRS IN NATURAL POPULATIONS AND IN
CULTURE, IDENTIFICATION OF SPECIMENS, ROLE OF HYBRIDIZATION IN THE
EVOLUTION OF THE GENUS ABIES: DATA OF THE MOLECULAR
PHYLOGENETIC ANALYSIS
Semerikova S.A., Semerikov V.L.

Institute of Plant and Animal Ecology, Ural Branch of Russian Academy of Sciences, Russia;
s.a.semerikova@ipae.uran.ru

Fir species (genus Abies Mill., Pinaceae) are weakly reproductively isolated and
relatively easily hybridized in natural and artificial conditions (Hunt, 1993; Kormutak et al.,
2004, 2013; Koropachinskii, Milyutin, 2006; Semerikova et al., 2011), which reflects an
important role of interspecific hybridization in the evolution of this group.

At present, various exotic fir species and hybrids are widely introduced into the
arboretums for subsequent use in landscaping and reforestation. At the same time, the taxon
identification of particular Abies specimens on the basis of morphological traits is very difficult
due to the high plasticity and ability to form hybrid taxa.

In order to study the phylogeny, the evolutionary history and molecular systematics of
firs, we performed a phylogenetic reconstruction of the genus Abies (Semerikova, Semerikov,
2014a, b). Nucleotide sequences of the fragments of chloroplast DNA (cpDNA), inherited
paternally in Pinaceae, and mitochondrial DNA (mtDNA), inherited through the maternal line,
were used. Altogether five cpDNA fragments (5659 bp in total length, 221 mutations within the
genus Abies) and three mtDNA fragments (4009 bp, 43 mutations) were sequenced in 76
samples of 42 fir taxa. Presence of modern introgressive hybridization between some taxa was
shown. In addition, the signs of ancient hybridization were observed: introgression of mtDNA
and recombination between distant lines together with the AFLP data suggest the existence of
historical gene flow between species of Abies and hybrid origin of some of them.

In addition to phylogenetic reconstruction, the revealed variability in cpDNA and
mtDNA can be used for practical purposes, namely for taxonomic identification of specific fir
samples in nature and culture, as well as to detect spontaneous and artificial hybrids. Variability
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of studied cytoplasmic fragments was sufficient to recognize samples of most species. Many taxa
have been characterized with species-specific mutations and their combinations, allowing precise
discrimination of specimens of a particular taxon. Using a combination of genetic markers with
different types of inheritance, we have found many cases of spontaneous hybridization between
exotic and native species of fir in the botanical gardens, arboreta and nurseries. The list of
confirmed spontaneous fir hybrids includes: (& x Q) A. sibirica x A. balsamea, A. balsamea
A. sibirica, A. balsamea x A. lasiocarpa, A. homolepis * A. veitchii, A. homolepis * A. koreana,
an unclassified Mediterranean taxa x A. holophylla, A. sibirica * A. semenovii. Also, the errors
in taxonomic identification were detected when growing exotic species in nurseries and botanical
gardens. In several cases, the true species affiliation has been established.

Our study has shown that the introduction of exotic fir species, establishment and
management of the plantation should consider the possibility of spontaneous hybridization and
misidentification, and perform the genetic identification of samples, especially originated from
the seeds of non-natural occurring.

This work was supported by the Russian Foundation for Basic Research, grant no. 14-04-
00848A.

XOIMEPCKUU I'OCYJIAPCTBEHHbBIN ITPUPOJHBIN 3AIIOBEJIHUK —
YCTOMYUBAS BA3A COXPAHEHUWSI TEHO®OH/JIOB IOMMEHHBIX U
HATI'OPHBIX JPEBOCTOEB JIYBA YEPEIIIYATOI'O, OJIbXY YEPHOM, TOIIOJIS
BEJIOI'O U CEPEIOLIEI'O, OCOKOPA
CugoJianon A.I/I.l, baaronaposa T.A.Z, Cusouanos B.A.°
'®I'BOY BIIO «BopoHexckas rocyJapCTBEHHBIN JIECOTEXHUYECKUN YHUBEPCUTET UM. [.D.
Mopo3zosa», Poccus; E-mail: Aleksey-Sivolapov@yandex.ru
2OI'BY «Bcepoccuiickniit HUM necHOl TeHeTHKH, CENEKITUN U OMOTEXHOIOTHI
SOuman ®BY «Pocnecozamurta» «L[3J1 Boponexckoi odmacTr»

Xomnepckuii rocyaapcTBeHHBI npupomHbiii 3amoBeaHuk (XITI3) (6onee 16 ThIC. Ta)
pacnojaraercsi B 10ro-BocTouyHoi yact Oxcko-J{oHCKOM HMU3MEHHOCTH (F0)KHAsl JIECOCTENh) Ha
10ro-Boctoke BopoHexckoii o01actu.

TeppuTopuio 3amoBeHIUKA MOXHO CUMTATh JICCHOW. TpaBsHbIC (PUTOIICHO3BI 3aHUMAIOT
b okoso 4 % oOmei momanu. [lpuuem, JecomokpbITas IUIOMAAb MO MaTepuanaM
JIECOYCTPOMCTB MOCTOSIHHO yBenuuuBaercs (Ha 5,2 % 3a 60 net). Bo ¢uope ormedeno 39 Bunos
niepeBbeB, 54 BUJa KyCTapHUKOB M 13 BHIOB moiykycTapHHkoB. Hambonee pacmnpocTpaHeHbI
(;recoyctpoiictBo 2003 r.) nmoiitMeHHbIE 1yOpaBbl C Y4acTHEM JIMIIbI, SICEHS, BsI3a, TOMOJEH U JIp.
nopof (34,2% ot Bcelt necHoi miomaan). OObIYHbIE OUIECOYHBIE MTOPOJIBI: KPYIIMHA JIOMKAs,
kieH Tarapckuit (KT), s)xoctep ciabuTenbHbli, IIMNOBHUK. B HaropHoit yactu KopeHHoro Oepera
npaBoOepexkpsi — JAyOpaBel € sceHEM U KIeHOM ocTpoiucTHeiM (11,9% momanm).
3HAUUTENIbHBIE YYaCTKHM CTAapOBO3PACTHOM IMONMBI 3aHMMAlOT OTHOCUTENIBHO OJHOPOIHbIE
npeBoctou onbxu uepHou (14,9%) ¢ yuacTHem BS30B IIEPOXOBATOTO M TIAJKOTO, UBBI OETOi,
UBBI MENeNbHON, KPYIIMHBI JIOMKOW, cMopoaunbl uépHoi. OcunHukamu (Oc) 3anaro 10,6%
JecHOU Tepputopuu, siccieM — 4,3%, TanpHUKOM (psSA KYCTapHUKOBBIX BUIOB) — 4,2%, uBOIi
oemnoit — 4,1%, Tomonem uepasiM — 2,1%, Tonosnem 6enbm 1,8%, Bsizom — 1,4%, mumoii — 1,1%.
Kynbrypbl cocHbl 00bIKHOBEHHOH (8,9%) pacmonaratoTcsi B OCHOBHOM Ha HaINOWMEHHBIX
Teppacax U (He3HAYMTEIIbHO) B HATOPHOW 4YacTH TpaBoOepexns. |isi MOHUTOpUHTA TIPOIIECCOB
npoucxofsamux B jgecHoM komiuiekce XITI3 B 1972-74 rr. 3am. qup. XI'3 Crenunsim B.B.,
coBMecTHO ¢ Kad. necoBoactsa BJITU nox pykoBoactsom npod. Jlykesuua B.b. u crynentamu
(CuBonamnoBeiM A. U JIp.) ObLTH 3aJ0XKeHBI 35 MOCTOSHHBIX MpoOHbIX miomaaen (ITIIII): 7 — B
cocasikax (C), 6 — B yepHoosbimanukax (Om), 10 — B myOpaBax MO3THOPACITYCKAIOIIECHCS
(deHonornyeckoi pasHOBUAHOCTH, 4 — B QyOpaBax paHOpachycKaromeics (eHoIorndeckoi
pa3HOBUAHOCTH, 2 — B dYepHoTomnosieBHUKax (Tu), 5 — B OenmoronmonéBnukax (T6), 1 — B
BeTyisiHuke (Bt). ITnomaan ObuiM pacmosiokeHbl BAOJAb 6 MPOQMIBHBIX TPAHCEKT (CeBepHas
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YacTh 3all0BE/IHUKA) U BHE UX B CEBEPHOI U IeHTpalibHOU yacTu 3anoBennuka (1 TTIIT (Ne 22) —
B 10kHOW). B1975 1. nmecHbIM OTIEIOM 3amoBEAHMKA TMOJ PYKOBOJICTBOM Kad. JIECOBOJACTBA
BJITU Obumn opranuzoBansl eme 8 I, 6 n3 KOTOpHIX BIOCIEACTBUM NEPELLIN B BEACHUE
Hay4yHoro otnena. B 1988-91 rr. konuuectso I yBenuuunocs no 45: 7 — C, 7 — On, 13 —
N{TIP®P), 11 — A(PPDP), 2 — T4, 6 — T6, 1 — Br.

B Hacrosmee Bpems obmas yduetHas riomaabr cocrabiser 17,03 ra. CymmapHas JyimHA
npodmiieit — 23,32 kM. Texkymuii KOHTPOJIb M aHAIMU3 CUTYAI[MH MPOBOJUTCS MO OTACIHHBIM
IUIOHIAJIKaM U MO accoluanusM B 1eoM. OCHOBHBIM KpUTEpPHEM IMpPU BbIOOpE y4acTKOB AJis
npo0d ObUIO CTpPeMJICHHE OXBAaTUTh HAWOOJbIIEE YHUCIO OHOTONMHYECKUX, MOPOJHBIX U
BO3PACTHBIX BAapHAHTOB B JaHHBIX YychnoBusix. B 1995 r. bnaromaposoii T.A. BbluelnieH
TEHETUYECKUN pe3epBaT OJbXH YepHou Ha mi. Oosnee 1200 ra. DTo nyylire Y4epHOOIbIIAHUKH B
EBporneiickoit yactu PO.

brnaronapss co3mannomy 85 et Hazaag XOMEpPCKOMY 3aMOBEIHUKY COXPaHUIUCH
YHHUKAJIbHbIE HACAXKICHUA AyOa 4eperryaToro, oJbXu 4YepHO, Tomois 6e10ro, 0COKOps, TOMOJIs
CEPEIOIIETO, CPeId KOTOPHIX BBIJEICHA TMTAaHTCKasg TPHUIUIOUIHAs (opMa TOMOJISI CEPEIOIEero,
KOTOpasi SIBUJIach POJIOHAYATBHIUKOM COPTa TOTMOJS XONepcKuii 1.

KHOPERSKY STATE NATURE RESERVE - SUSTAINABLE BASIS TO PRESERVE
THE GENE POOL OF FLOOD AND MOUNTAIN PLANTATIONS OF ENGLISH OAK,
BLACK ALDER, WHITE, GRAY AND BLACK POPLAR
Sivolapov A.1.}, Blagodarova T.A.?, Sivolapov V.A
'G.F. Morozov Voronezh State University of Forestry and Technologies, VVoronezh, Russia;
Aleksey-Sivolapov@yandex.ru
’Research Institute of Forest Genetic, Breeding and Biotechnology, \Voronezh, Russia
3Centre of Forest Protection, Voronezh, Russia

Khopersky State Nature Reserve (HSNR) (more than 16 thousand Ha) is located in the
southeastern part of the Oka and Don lowland (southern forest steppe) in the south-east of the
\oronezh region.

Territory of the reserve can be considered a forest one. Herbal plant communities occupy
only about 4% of the total area. Moreover, the forest area according to Forest inventory is
constantly increasing (5.2% in 60 years). Flora has 39 species of trees, 54 species of shrubs and
13 species of dwarf shrubs. Floodplain oak forests with linden, ash, elm, poplar and others
species (34.2% of the total forest area) are the most common (forest inventory 2003).
Conventional under forest species are alder buckthorn, Tatarian maple (TM), European
buckthorn, rosehips; in the mountainous part of the right bank of the original bank - oaks with
ash and maple (11.9% of the area). Significant areas of old-growth floodplain are taken by
homogeneous black alder stands (14.9%) with witch elm and European white elm, European
willow, gray willow, alder buckthorn, black currant . Aspen (AS) takes 10.6% of the forest area,
ash - 4.3%, willow (number of shrub species) - 4.2%, European willow - 4.1%, black poplar -
2.1%, white poplar 1.8%, elm - 1.4%, linden - 1.1%. Forest stands of Scots pine (8.9%) are
located mainly on the terraces above the floodplain and (slightly) in the mountainous part of the
right bank. To monitor the processes occurring in the forest complex of HSNR in 1972-74 35
permanent sample plots (PSP) were established by Deputy Director of HSNR V.V. Stepin and
students (A. Sivolapov et al.) together with Department of Forestry of VSFI under the guidance
of prof. Lukyantsev V.B.: 7 — in the pine forests (PF), 6 — in black alder forests (BA), 10 — in oak
forests of serotinal phenological variation, 4 — in oak forests of early flowering phenological
variation, 2 — in black poplar forests (BP), 5 — in white poplar forests (WP), 1 — in willow
grooves (W). Areas were located along the 6 core transects (the northern part of the reserve) and
outside in the northern and central part of the reserve (1 PSP (Ne 22) — in the south). In 1975, the
forest department of the reserve under the supervision of the department of Forestry of VSFI
another 8 PSP were organized, 6 of which were subsequently taken over by the scientific

165


mailto:Aleksey-Sivolapov@yandex.ru

department. In 1988-91 PSP number increased to 45: 7 — P, 7 — BA, 13 — Oak (serotinal
phenological variation), 11 — Oak (early flowering phenological variation), 2 — BP, 6 — WP, 1 —
W.

Currently, the total area is 17.03 ha. The total length of profiles - 23.32 km. Monitoring
and analysis of the situation is carried out on separate sites and associations in general. The main
criterion for selecting sites for the samples was to reach the largest number of biotopic, species
and age variants under these conditions. In 1995 T.A. Blagodarova selected genetic reserve of
black alder on the square of more than 1,200 hectares. This is the best black alder forests in the
European part of Russia.

Due to the created 85 years ago Khopersky Reserve the unique plantations of English
oak, black alder, white poplar, black poplar, gray poplar were protected, among which giant
triploid form of gray poplar was selected, which was the ancestor of the varieties of poplar
Khopersky.

SPECIES DELIMITATIONS WITHIN THE PICEA ABIES/OBOVATA COMPLEX
Sullivan A.R., Wang X., Street N.
Umea Plant Science Centre, Umea University (Umed), Sweden; alexis.sullivan@emg.umu.se

Species delimitations have long been controversial within the Norway-Siberian (Picea
abies — P. obovata) spruce complex, and indeed, whether they represent two distinct species at
all. To address this standing question, we are sequencing the whole-chloroplast genomes of 30
individuals from across the range of Norway and Siberian spruce and analyzing their
relationships within a complete Picea phylogenetic framework. Our first results support the
hypothesis that Norway spruce actually comprises at least two species separated by millions of
years of evolution: one in Fennoscandia and another in continental Europe. However, we found
more equivocal support for the status of Siberian spruce, as chlorotypes from this putative
species were intercalated within both Fennoscandian and continental European spruce clades. A
similar lack of reciprocal monophyly was also observed at 42 mitochondrial gene loci analyzed
in a subset of individuals. As some combination of hybridization and incomplete lineage sorting
could explain this pattern, we are additionally analyzing genome-wide variation at > 40,000
SNPs in exemplar accessions from the Fennoscandian, continental European, and Siberian
clades. This strategy will help clarify the relationships among the Norway/Siberian spruce and
also enable identification of introgressed loci using recently-developed statistical methods.
Understanding the species boundaries and extent of hybridization between Norway and Siberian
spruce will provide a sound foundation for future work on the genetic basis of adaptation of
these economically and ecologically important species.

BJIUAHUE HE®TE3ATPA3HEHUI HA MUKPOBHUOTY MEP3JI0THOM
TAEXKHOW JEPHOBO-KAPBOHATHOM CYTJIMHUCTOM MTOYBBI
Tapadykuna H.II., Heycrpoes M.IL., Caseunos /I./l., Heyctpoes M.M., Ctenanosa A.M.,
IHapuaukosa C.H.

OI'BHY Sxyrckuii Hay4HO-UCCIEN0BATEIBCKUI HHCTUTYT CEIBCKOIO X034MCTBa, SIKYyTCK;
mneyc@mail.ru, hotubact@mail.ru

OpHOM M3 OCHOBHBIX JKOJIOTMYECKUX MpOOJEeM B peruoHax pa3BUTUS He(dTerazoBoi
OTpaciH SIBJISETCS 3arpsi3HEHHsI 0ObEKTOB OKpYXKarollel cpeabl HeThio U HedTenpoaykTamu. B
HACTOAIIEe BpeMsl IIUPOKO BeAyTCS paboThl Mo 00bIue, mepepadoTKH, TPaHCIOPTUPOBKH,
notpebieHuss HepTH M Tra3a B CeBEpHBIX permoHax Poccuu, KOTOpbIE XapaKTepHU3YIOTCS
OTHOCHUTEJIbHO HM3KOM caMoouuIaomeil cnocooHocTeio. HedTh 1 nMpoyKThl ee nepepadoTky,
MHOTHME M3 KOTOPBIX UPE3BBIUAHO TOKCHYHBI, KAaHLEPOI€HHbl WU TNEPCUCTEHTHBI, TO €CTb
pa3pyIarTcs KpaitHe MeUICHHO, B 4aCTHOCTH, B CHOUPH C €€ XOJIOAHBIM KIIMMATOM.
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AKTyanmpHOCTh TpOOJIEMbl BO3pacTaeT C OCBOCHHEM M pa3pabOTKONH MECTOPOKICHUN
Hetu B Pecriyonmuke Caxa (SIKkyTusi), CTpOMTEIBCTBOM HEPTEPOBOIHOMN cucTeMbl «BocTouHas
Cubupp-Tuxuii okeaH», U HEJIOCTATOYHOCTHIO HCCIIECAOBAHUI MO M3BICKAHHIO I(PPEKTHBHBIX,
9KOJIOTHYECKHUX, O€30MacHBIX CHOCOOOB OHOJOTMYECKOW OYHCTKH MEP3JIOTHBIX IOYB OT
He(Te3arps3HEHHM.

3a nmepuox 2008-2014 rr. Ha Tepputopun PC (S) nmpouzomnwio 182 aBapuitHBIX pa3IMBOB
HeTenpoayKToB. 110 KOTUYECTBY MOCTYNUBIINX 3arps3HAIONINX BEIIECTB B MPUPOJHBIE CPEIbI
WX MOXKHO XapaKTepu3oBaTh Kak Menkue u cpemnue (mo 3-10 1). HambGonee 3HaumTeNbHBIC
3arps3HEHUs] MNPOM30LUIM Ha Teppuropusx MupuHuHckoro, Jlenckoro, TommoHckoro,
BynyHckoro paitoHOB.

Pesynbratsl, MIPOBEACHHBIX UCCIICIOBaHU COBPEMEHHOTO COCTOSIHUS
He(Te3arpsa3HEHHBIX TEPPUTOPHIA MOCIIE MPOBEACHHSI BOCCTAHOBUTENBHBIX Pa0OT B AMIHHCKOM,
MupnusackoM, JleHckom, OmnekMHHCKOM pailoHax SIKyTMM 1OKa3alid, 4YTO HaJIU4ue
HEe(TENPOAYKTOB B Pa3HbIX TUINAX M IMOATUIIAX MEP3JIOTHBIX MOYB HAa MPSMYIO BIHUSIOT Ha
MHUKPOOHOJIOTUYECKYI0 aKTUBHOCTh M MHTEHCHBHOCTH IPOIIECCOB MHHEPATU3AIMH, TAK)Ke Ha
collep’kaHUE TyMyca, HUMEIOIIEro OOINbIIoe 3HAYeHHE [JIs arpOHOMUYECKOM OLIGHKH U
B)XHEUIIIETO TIOKA3aTeNsI III0JOPOIHSL.

B Mep370THBIX TaeKHBIX JEPHOBO-KapOOHATHO CYTJIMHUCTBIX MoyBax JIeHckoro paiiona
Ha MECTE aBapUIHOTO pasinBa He(TH Yepe3 2 Tojaa Mmocje MPOBEIACHUS BOCCTAHOBUTEIBHBIX
paboT, 0cCOOEHHO B BEPXHUX TOPHU30HTAX, MO cpaBHeHHIO ¢ (oHOM (0,096 MI/T) OTMEHarOTCs
3aMETHBIC CIIEABl 3arps3HEHUs HedTenpoaykramu a0 2-3 Mmr/r. B mouBax ¢ copepikaHueM
HedTenpoaykToB (0T 3,6-2,1 MI/T) OTMEUYEHO COBEpIIEHHOE OTCYTCTBHE CIIOPOOOPA3YIOIIHX,
YIJIEBOAOPOJAOKUCIAIONNX —~ OAaKTepHil, aKTHUHOMHIIET, TpHOOB, TaKKe MaJlo€  YHCIIO
MUKpPOOPTraHU3MOB, YCBAUBAIOIIUX OPraHUYECcCKue (GOPMBI a30Ta.

Takum oOpa3om, conepxaHue HEPTEPOIYKTOB B MEP3IOTHBIX TACKHBIX JEPHOBO-
KapOOHATHO CYIJIMHHUCTBIX MOoYBaxX — 10 2,1-3,6 MI/T MHTHOMPYIOT MHUKPOOHOIOTHMYECKYIO
aKTUBHOCTh, TEM CaMbIM MPEJOTBpAIIAeT MPOLECC CaMOOYHIIeHHUs T1o4B. [lomyueHHBIE
pe3ysbTaThl Uccael0BaHuN cornacytoTes ¢ coobimenusmu B.I1. 3Bonuuckoro ¢ coast. (2007) u
MO3BOJISIIOT TMOJATBEPIUTh, YTO HE(PTHh TOMazas B TOYBY, BBI3BIBACT IIIYOOKHE HApYIICHUS B
(YHKIMOHUPOBAHUM MUKPOOHOTHI. CIBUT, IPOUCXOAIINI B COCTaBE OYBEHHON OUOTHI, MOKET
CIIY’)KATh OCHOBOW JUIi JIMarHOCTHKH CTETIEHW 3arpsi3HeHHs U pa3padOTKH METO/I0B
BOCCTaHOBJICHHsI He(pTe3arpsi3HEHHBIX TTOYB.

EFFECTS OF OIL CONTAMINATIONS ON MICROBIOTA OF PERMAFROST
TAIGA SODDY-CARBONATE LOAMY SOILS
Tarabukina N.P., Neustroev M.P., Savvinov D.D., Neustroev M.M., Stepanova A.M.,
Parnikova S.1.
Yakut Scientific Research Institute of Agriculture, Yakutsk; mneyc@mail.ru, hotubact@mail.ru

One of the main environmental challenges in the oil and gas industry is the contamination
of the environment by oil and oil products. Now it is widely work is underway on mining,
processing, transportation, oil and gas consumption in the northern regions of Russia, which are
characterized by a relatively low self-cleaning ability. Oil and products of its processing, many
of which are extremely toxic, carcinogenic, and persistent, i.e. destroyed very slowly, especially
in Siberia, with its cold climate.

The urgency of the problem increases with the development and exploitation of oil fields
in the Republic of Sakha (Yakutia), the construction of the pipeline system "Eastern Siberia-
Pacific Ocean", and the lack of research on finding effective, ecological, safe methods of
biological treatment of permafrost soils from oil pollution.

During the period of 2008-2014 years the territory of the Republic of Sakha (Yakutia)
was 182 spills of petroleum products. By the number of incoming contaminants in the
environment can be characterized as small and medium-sized (up to 3.10 m). The most
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significant contamination occurred in the territories of Mirninsky, Lensky, Tomponsky,
Bulunsky districts.

The results of the research of the current state of oil-contaminated areas after restoration
works in Amginsky, Mirninsky, Lensky, Olekminsky districts of Yakutia have shown that the
presence of oil in different types and subtypes of permafrost soils directly affects microbial
activity and intensity of mineralization, as the content of humus, which is of great importance for
agronomic evaluation and the most important indicator of fertility.

In permafrost taiga soddy-carbonate loamy soils of Lensky district in place of oil spill 2
years after completion of rehabilitation works, especially in the upper horizons, as compared
with the background (0.096 mg/g) there are noticeable traces of oil pollution up to 2.3 mg/g. In
soils with oil content (from 3.6-2.1 mg/g) noted a complete absence of spore-forming,
hydrocarbon-oxidizing bacteria, actinomycetes, fungi, and a small number of microorganisms
that use organic forms of nitrogen.

Thus, the oil content in the permafrost taiga soddy-carbonate loamy soils - up to 2.1-3.6
mg/g inhibit microbiological activity, thereby preventing the process of self-purification of soil.
The results obtained are consistent with reports of V.P. Zvolinsky and others (2007) and allow
confirming that the oil getting into the soil causes profound disturbances in the functioning of the
microbiota. Shift taking place in the composition of soil biota can serve as a basis for the
diagnosis of the degree of contamination and develop methods for restoring contaminated soils.

O PABPABOTKE ITPOEKTA HAIIMOHAJIBHOM ITPOT'PAMMBI "U3YUEHMUE,
COXPAHEHUE U PAITMOHAJIBHOE UCIIOJIb30OBAHUME JIECHbBIX
I'EHETUYECKHUX PECYPCOB POCCHUN"

TapakaHnoB B.B."?, I'opomkeBuy C.H.%, oauros JI.B.%, KpyroBckuii K.B.**®7

13anaILH0-CH6HpCKHP“I ¢umman Mucturyra neca um. B.H. CykageBa CO PAH, HoBocubupck,
Poccus; tarh012@mail.ru
2H0BOCI/I6I/IPCKI/II>1 rocyJlapCTBeHHbIN arpapHblil yauBepcuret, HoBocudbupck, Poccust
3I/IHCTI/ITYT MOHUTOPUHIa KIIMMaTU4ecKuX U skonorudyeckux cucteM CO PAH, Tomck, Poccus
4I/IHCTI/ITyT o61eit renetrku um. H.M. Basunosa PAH, Mocksa, Poccus
I éTTHHTeHCKHIA yHuBepcuteT uM. ['eopra-Asrycra, ['érrunren, ['epmanus
6CI/I6I/IpCKOFO denepanbHOro yHUBEpcuTeTa, KpacHospck, Poccust
"Texacckuit yauBepcuteT A&M, Komnemx-Creitien, Texac, CLITA

Poccus — mupoBoit munep no miomaau jiecoB (~20% oOmien miomaay JecoB mupa). B
OCHOBHOM 3TO OopeajbHbIE Jieca C MpeoOsaJlaHueM B HUX €CTECTBEHHbIX mnomyisiuid. Ilpu
pa3yMHOM JIECHOH MOJMTHUKE B 0OJACTH COXPAHEHMsI JIECHOIO OMOpa3HOO0Opa3Hsl 3TO JIUIAEPCTBO
MOXeT ObITh ycusieHo. OJHako, CleAyeT Yy4YuThIBaTh, YTO BHJIOBOM cCOCTaB OoOpeanbHbIX
HKOCUCTEM OTHOCUTENbHO OeneH. OH  KOMIIEHCUPYETCSI OrPOMHOM  BHYTPHBHUIO0BOI
U3MEHYMBOCTBIO, (OPMUPYIOIIEHCS B YCIOBUSAX OSKOJOTMYECKH T'€TEPOr€HHBIX OOIIMPHBIX
apeajoB JIecOOOpa3yloluX BUAOB, U TOTOMY BHYTPHUBHIOBas W3MEHYHMBOCTh BHUJOB-
3MU(UKATOPOB  SABISETCS  BAXHEHIIMM  KOMIIOHEHTOM  OHOpa3sHOOOpa3Hus  POCCHHCKHX
OopeanbHbIX JecoB. [Ipu 3TomM HanOosbliee 3HaAUEHHWE UMEET HACIEICTBEHHAs W3MEHUYMBOCTD
JIPEBECHBIX PACTEHUN IO aJalNTUBHBIM M XO34HCTBEHHO LIEHHBIM IPU3HAKaM — <«IECHBIE
FeHeTUYECKHEe pecypchl» Mo coBpeMeHHoW TepmuHosioruu (JII'P), o ypoBHS u ocoOeHHOCTEH
KOTOpBIX, B KOHEYHOM CHYETE, 3aBHCAT YCTOMYMBOCTb U NPOAYKTUBHOCTb JIECOB, a TaKXKe
MIEPCIEKTUBBl BBIBEJICHUS COPTOB C XO3SMCTBEHHO NOJIE3HBIMH cBoMcTBaMH. JII'P nmommkHBI
paccMaTpuBaThCS B KaUECTBE CTPATErMUECKH BaKHOTO T'OCYJAapCTBEHHOI'O pecypca, TIIATEIbHO
oOeperaTbCsi U padyuTeNbHO Hcronb3oBaThesd. [loatomy B Poccum B cepenune 1970-x romos
ObulM  pa3paboTaHbl COOTBETCTBYIOLIME TOCyIapCcTBEHHbIE NporpaMMbl B obsactu JII'P.
AHajoruuHele mporpamMmbel ¢ KoHna 1950-x rr. pa3pa0aThiBaroTCsi MU BO MHOTHX JIPYTHX
pa3BuThIX cTpaHax — llIBenun, ®unnaaaun, I'epmanun, CIIA, SAnonun u np.
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B Hactosmee Bpems Ha3peiga HACTOATENbHAas HEOOXOAMMOCTh pPa3pabOTKHM HOBOM
IPOrpaMMbl TAKOTO poJia, B KOTOPOH yUUTHIBAIUCH ObI crienuduka jecoB Poccuu, HakoIIeHHbIH
OTEUYECTBEHHBIH M MEXIYHAPOJIHBII ONBIT U IOCIEIHUE HAy4yHbIE IOCTHKEHHS B JAHHOUN
obnactu. B cBs3u ¢ 3TMM, HamMM pa3paboTaH U npeacTaBieH Ha oOcyxaeHue Hayunoro Cosera
PAH no necy npoext HanuonanbHoOW nporpaMmsl "M3yueHue, coxpaHEHHE M palMOHAIbHOE
MCII0JIb30BaHUE JIECHBIX T€HETUYECKUX pecypcoB Poccun".

B mnpenBapurensbHOM OOCYKACHHM TMpOEKTa MPUHSIIM Y4acTHE DS  BEIYLIMX
OTEYECTBEHHBIX CHELMAIMCTOB B 00JacTU coxpaHeHus reHodonaa pacteHuid: Bumsaxun A.U.,
I'moroB H.B., lparaBues B.A., Jlykuna H.B., Mumotun JL.U., MypatoBa E.H., Onyuun A.A.,
Opexoa T.I1., CannuxoB C.I1., Cemepukon B.JI., [Terpoa U.B., fAukosckuii H.K. u ap.

[Ipoekt mporpaMMbl BBICTaBIEH Ul O3HAKOMIIEHHS (C LEIbI0 €ro JajbHeien
nopabotku) Ha caiite coBemanus http://conf.ict.nsc.ru/cfgrs2015/ru/cfgrs2015 p003 u Briroyact
CJICAYIOIINE pa3zelibl: TEPMHUHBI, 3a7a4l IPOTPaMMBI; cdepa peaanu3alii, OCHOBHBIE POOJIEMBbI
U TIEPCIEKTUBBI PA3BUTHUS; METOABI U PE3YNbTAaThl U3YYCHHUs, COXPAHEHUS U PALNOHAIBHOIO
ucnionb3oBanusa JII'P Poccum; oxmmaemble pe3ynbTaTsl pealu3allid IPOrpaMMbl; OCHOBHBIE
MEPOIPUSITHS IPOTPAMMBI.

[Ipunstue HanuoHanpHOW mnporpammbel 1o JII'P Poccum Oyaer cmocoOGcTBOBaThH
BHYTPUTOCYIapCTBEHHOM M MEXIYHAPOIHOM KOHCOJIMJALUHU JIECHBIX CIELMAIUCTOB HAyKH,
NpOM3BOJCTBA W 00Opa3oBaHUs, 0€3 KOTOpOH HEBO3MOXKHO PEIINTh BAXHEUIIYIO 3a/1ady
HOBBIIIEHUS YCTOMYMBOCTH, OMOpa3HO00pa3us U NPOAYKTUBHOCTH OT€YECTBEHHBIX JIECOB.

DEVELOPMENT OF THE NATIONAL PROGRAM ON STUDYING, CONSERVATION
AND RATIONAL USE OF FOREST GENETIC RESOURCES IN RUSSIA

Tarakanov V.V.12, Goroshkevich S.N., Politov D.V.*, Krutovsky K.V.*>&7
V.N. Sukachev Institute of Forest (West-Siberian Branch), Siberian Branch of Russian
Academy of Science, Novosibirsk, Russia; tarh012@mail.ru
Novosibirsky State Agricultural University, Novosibirsk, Russia
%Institute of Monitoring of Climatic and Ecological Systems, Siberian Branch of Russian
Academy of Science, Tomsk, Russia
*N.I. Vavilov Institute of General Genetics, Russian Academy of Science, Moscow, Russia
>Georg-August-University of Géttingen, Géttingen, Germany
®Siberian Federal University, Krasnoyarsk, Russia
"Texas A&M University, College Station, Texas, USA

Russia is the world leader in forest area (~20% of the total forest area of the world). This
is mainly boreal forests with predominantly natural populations. With a reasonable forest policy
for the forest biodiversity conservation that leadership can be strengthened. However, it should
be noted that the species composition of the boreal ecosystems is relatively poor. It is
compensated by a huge intraspecific variation that is formed in the heterogeneous environment
across extensive areas of forest-forming species, and, therefore, the intraspecific variation of the
keystone species is a crucial component of biodiversity of Russian boreal forests. The greatest
importance is the genetic variation in adaptive and economically valuable traits - "forest genetic
resources” in modern terminology (FGR), the level and characteristics of which will ultimately
depend on the sustainability and productivity of forests, as well as prospects for breeding
cultivars with economically useful properties. FGR should be considered as a strategically
important state resource, carefully preserved and wisely used. Therefore, the national FGR
programs have been developed in Russia in the mid-1970s. Similar programs were developed
since the late 1950s in many other developed countries - Sweden, Finland, Germany, USA,
Japan and others.

Currently, there is an urgent need to develop a new program of this kind, which would
take into account the specifics of Russian forests, gained national and international experience
and the latest scientific achievements in this field. In this connection, we developed the National
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program "Studying, conservation and sustainable use of forest genetic resources in Russia" and
submitted it for consideration and discussion to the Scientific Council of Russian Academy of
Science on Forest.

A number of leading national experts in the forest conservation genetics — V.A.
Dragavtsev, N.V. Glotov, N.V. Lukina, L.I. Milutin, E.H. Muratova, 1.V. Petrova, A.A. Onuchin,
T.P. Orekhova, S.P. Sannikov, V.L. Semerikov, A.l. Vidyakin, N.K. Yankovsky and others —
were participated in a preliminary discussion of the program.

The draft program is available for review (with the aim of further development) on the
conference site http://conf.ict.nsc.ru/cfgrs2015/ru/cfgrs2015_p003 and includes the following
sections: terminology, objectives of the program, the scope of implementation, the main
problems and prospects of development; methods and results of the study, conservation and
sustainable use of FGR in Russia, the expected results of the program, and the main activities of
the program.

The adoption of a national program for FGR in Russia will help to consolidate domestic
and international forest experts and to integrate production, science and education, without
which it would be impossible to solve the most important task of improving the sustainability,
biodiversity and productivity of national forests.

INIAHTAIIMOHHOE OPEXOBO/JCTBO KEJIPA CUBUPCKOI'O HA
CEJIEKIIMOHHOM OCHOBE: COCTOSIHUE U IIEPCIIEKTHUBBI
Turos E.B.

OI'BOY BIIO «Boponexckas rocyjapcTBeHHas JI€COTEXHUUYECKas akajgeMusi», Poccust
lesomel@yandex.ru

KenpoBble opexu — MNpoAyKT JBOWHOIO Ha3Ha4YeHUs: MNOTpeOsieHus (MUIIEBOrO U
TEXHUUYECKOI'0) U BOCIIPOM3BO/ICTBA KEAPOBHUKOB.

YckopeHHOE U peHTabeIbHOE UX MOJIydyeHHE B OOIBIIOM 00beMe BO3MOXKHO Ha IEJIEBhIX
OpPEXOIMPOIYKTUBHBIX M JIECOCEMEHHBIX IJIAHTALUAX, CO3AAHHBIX B MOYBEHHO-KJIMMATHYECKHX
YCIOBUAX,  OOECHEUMBAIONIMX  PErylsipHoe M OOWJIbHOE  CEMEHOIIEHHEe  KeJpa,
OTCEJIEKTUPOBAHHBIMM IO TEHOTUIY KJIOHAaMHU BBICOKOYPOKAaWHBIX (ILIFOCOBBIX) JEPEBHEB U
copramu-KJIoHamMu. B Hacrosiiee BpeMsl NEpBBIE SBISIOTCS OCHOBOM [UIsl CO3JaHMS TaKHX
00BEKTOB.

B  Poccum  Hambosiee  1eHHBIX TeHO(OHA, camoe  OOJBIIOE  KOJIMYECTBO
BBICOKOYpPO)KalHbIX (TUIFOCOBBIX) JIepeBbEB Keapa cuOupckoro (242 mT.) oToOpaHoO U
aTTECTOBAHO B HU3KOropse M cpenHeropre CeBepo-BocTouHoro Anras — 30HE 9KOJIOTHYECKOTO
ONTHMYMa U TMOBBIIIEHHOT0 NosuMopdu3ma Buja. bonbmas yacte u3 Hux (80 %) moarsepauan
BBICOKYIO YPO>KaWHOCTB IpHU 30-JIeTHEM KJIOHOBOM HCIIBITAHUH.

VYpoxaillHOCTh U CTPYKTYpHBIE MPU3HAKH YpOKas BBICOKO HACJIENYIOTCS B BET€TATHBHOM
noroMcTBe. KIOHHMpOBaHME TOPHOAJITANCKUX OTCEIEKTUPOBAHHBIX JEPEBHEB  IO3BOJISIET
MOJIyYUTh HA TUIAHTALMU TMEPBBIM MPOMBINUICHHbIN ypoxkail cemsH (60 kr/ra) B 10-14-netHem
Bo3pacte. B 20 ner on nocruraer 140 xr, B 25-220 Kr, 4yTO NPEBBIIAET CPEAHHUE MOKA3aTENN
140-180-neTHUX MPHUITOCETKOBBIX KeIpoBHUKOB (162 kr), B 30-280 kr/ra. Yporkaii Ha TIIaHTalluu
IIPEBOCXOUT CEMEHHYIO NMPOIYKTUBHOCTD JIYUIIMX €CTECTBEHHBIX HACAKICHHUI HE MEHEE, YEM
Ha 70 %. bomee Bbicokme (Ha 25 %) ypokam MOTYT OBITh TOJYYCHBI Ha MPOMBIIIJICHHBIX
IUIAaHTAllUAX TPU  HCIOJIB30BaHMM CcOpTOB-KJIOHOB. IlepBbie naBa («Kemporpanckuity u
«POMaHTUK») BBISIBICHBI, YTBEP>KICHBI M JOIMYIIEHbI K HCIIOJIb30BAHHUIO, €Ille JIBa MPOXOIAT
KOHKYPCHBIE UCIIBITAHHS.

PenponykTuBHas CHOCOOHOCTH BBICOKOYPOXKAWHBIX COPTOB-KJIOHOB COXpPAHSIETCAd B
Pa3IMYHBIX JIECOPACTUTENBHBIX 30HAX: TaekHOW ['opHOro Anrtas, cpenneil Taiiru PecnyOnuku
Komu, XBOMHO-IIMPOKOIUCTBEHHBIX JiecOoB bpsHCKOM oOnactu, necocrenu BopoHexckoit
obmactu. HacnenyemocTs BeMMUYMHBI ypoxkas MPH JOCTaTOYHOM OIBUICHHHM B OOJbIIed Mepe
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3aBHCUT OT TEHOTHIIA, HEXEIH OT IOYBEHHO-KIMMaTHueckux ycnoBuil. I[locnemnue
00yCJIOBIMBAIOT MEPUOJAUYHOCTh CEMEHOIIECHUS: Yallle BHICOKHE ypoXKau (OPMHUPYIOTCS B 30HE
ONTUMYyMa BUJA, HEKEIU B 30HE CPEIHEN TAWrN.

OpexonpoayKTHBHBIE U JIECOCEMEHHbIE IUIAHTALlMU Keipa CUOUPCKOrOo — OOBEKTHI
mrtenbHol (He meHee 80-100 yieT) BBICOKOM, SKOHOMMYECKH BBITOAHOW yposkailHOCTH. OHuU
JIOJDKHBI CO3/1aBaThCsl BBICOKOKAYECTBEHHBIM OTCEJIEKTUPOBAHHBIM UCXOIHBIM MaT€pPHAJIOM, T. K.
NOCJEACTBUs Opaka TpynHO OyzaeT uchpaBuTh. B HacTosimiee BpeMsi KIOHHPYIOT IUIFOCOBBIE
JiepeBbsi, OTOOpaHHbIE, KaK IPaBWJIO, 110 HECOBEPIIEHHBIM METOJMKAaM M HE MpoLIeIIne
KJIOHOBBIE HCTIBITaHUS. Ha 3HaUMTENbHBIX TUIOIAAAX CO3JAI0TCS CPEIHEYPOKAMHbIE MIaHTAIIH,
JUCKpEAUTUpPYETCA IUIFOCOBast cenekuus. J[ns ucnpaBieHMs IOJIOKEHHs OTOOp JepeBbEB
ClelyeT NMPOBOJIUTH IO €IUHBIM, yTBepKIeHHbIM Pexomenpanusam (2000), ocHOBaHHBIM Ha
UCIIOJIb30BAaHUM MHTETPAJIbHOIO MOKa3aTellsl TeKyIleld U NOTEHIMAIbHON ypoKallHOCTH Kezpa B
OHTOT€He3€ — MPOTSHKEHHOCTH IUIOAOHOCSIIErO sipyca KPOHBI M KOJMYECTBA IUIOAOHOCSIINX
MoOEToB, BHICOKO KOPPEIHUPYIONIMX ¢ ceMEeHHON mpoayKTuBHOCTHIO (I = 0.84-0.94) u BBICOKO
HacJielyeMbIX B BeretaTuBHOM moTomcTae (I = 0.78).

B mHacrosimee Bpemsi B CTpaHe OTCEIEKTHMPOBAHO II0 TE€HOTUIY HE3HAUUTENIbHOE
KOJIMYECTBO BBICOKOYPOXKAMHBIX (TUTIOCOBBIX) JepeBbeB. lcmonbp3oBaHME TOpPHO-aNTAHCKUX
KJIOHOB TIO3BOJIUT 3aKJIa/bIBaTh €XerojHo He Ooiee 20 ra opexomnpoIyKTHBHBIX IUIAHTALMM.
CBoeBpeMeHHass MOOHMIIM3AIUs IEHHOTO TeHO(OHIa B PErHOHAX C ONTUMAIBHBIMH TTOYBEHHO-
KJIMMAaTHYECKUMHU YCJIOBHUSAMHU Ja€T BO3MOKHOCTh CO3/1aTh HAJEXKHYIO OPEXONPOMBICIOBYIO U
JeCOCEeMEHHYI0 0a3y Ha CeIEeKIIMOHHON OCHOBE.

O HEKOTOPBIX IOAXOAAX K U3YUEHUIO BHYTPUBUIOBOI'O PASHOOBPA3US
XBOHMHBIX 110 OTHOIIEHUIO K KJIMMATHYECKUM ®AKTOPAM POCTA (HA
IMPUMEPE COCHBbI OBBHCHOBEHHOﬁ)

Tuxonosa U.B.

Wucruryt sieca um. B.H. Cykauesa CO PAH, Poccus; selection@ksc.krasn.ru

[IpoGiema m3ydeHHsT KIIMMATHYECKH OOYCIIOBICHHOW W3MEHYMBOCTH BHIOB JPEBECHBIX
pacTeHuil B Halle BpeMsl CTAHOBUTCSI OCOOEHHO aKTyallbHOM, O YeM CBUETENILCTBYET MHTEpEC,
KOTOpPBIA K JTOW TEMaTHKE MpOSIBISIOT IMPEICTABUTENN pPa3HBIX Hayk. OHAa TECHO CBsi3aHa C
npoOnemoit Bujga. Tak Kak Jiec - 3TO sBJIEHHE Treorpauyeckoe, B CBSI3M C DPa3BUTHEM
OoTaHuYecKor reorpaduy M JIECHOW THIIOJIOTHH B Hadaye MpPOIUIOTO BeKa HMIMPOKOE MpHU3HAHHE
MOJTy4MJIa TUIOTE3a 3KOJIOrO-Teorpagueckoil Moapas/ieleHHOCTH apeajioB BUAOB XBOMHBIX Ha
COTOJIYMHEHHBIE TaKCOHBI, TPUPABHEHHBIE K CHCTEMAaTHYECKHM €IWHHIIAM pa3HOTO paHra.
HauGonbmee pazsutue Onaromaps snepruu JI.®. IIpaBauHa oHa moiydmia MpH UCCIEIOBAaHUH
COCHBI OOBIKHOBEHHOM, OTHOTO U3 Ype3BbluaiiHO noauMopdHbIX BuaoB CesepHoil EBpazun.

K HactosieMy BpeMeHHM HAKOIMJICS sl MPOTUBOPEUMI JAHHOTO HAMpPaBJIECHHUs UCCIICIOBAHUH,
TpeOYIOLMX pa3pellieHHsl. IJTO HCKYCCTBEHHOCTh HMEPAapXMUYECKOW BHYTPHBUIIOBOM CTPYKTYPHI,
pa3paboTaHHOM HAa OCHOBE YUEeHUSI 00 SKOTHUIAX (TeorpapuiIecKue SKOTUITBI — KITMMATHUITHI — HIaOTHTTH —
TIOMYJISAIMHI) B CBSI3U CO B3aMMO3aBHUCHUMOCTBIO (DaKTOPOB Cpelibl; MPOTHBOPEUHE MEXIY CYIIECTBYIOIIEH
HKOJIOro-reorpadyeckoi MopasaeieHHOCTbI0 M JIECOCEMEHHBIM pallOHMPOBAHHEM BHIIOB XBOMHBIX, C
OJTHOM CTOPOHBL, W THUITOTE30M (TEOpHEH) THAPOXOPHOTO PACIPOCTPAHEHHsSI BUIOB, PE3YJIbTaTAMH
HOMYJSIMOHHON TeHETHKH, C JIPYrod; OCHOBHAs YacTh T€HETMYECKOM M3MEHUYMBOCTU BHIIOB
COCpeIOTOYEeHa BHYTPH MOMYJIAIMMN, @ SIEMEHTHI BHYTPUBUIOBOM CTPYKTYpbI BHICTPAUBAIOTCSI HA OCHOBE
HEOOJBIION JI0TM MEKITOMY/ISIIMOHHBIX Pa3IMUni U ApyTHe.

B noxnane paccMatprBaroTCsl HEKOTOPBIE MOAXO/bl K PEIIEHUIO MEPEUHCIIEHHBIX MPpo0eM: OT
BBISIBIICHHS! XOPOJIOTUYECKOM CTPYKTYPhI BUIOB HA OCHOBE (DEHOTUIMUYECKUX MPU3HAKOB, Mpe/IaraeMoi
AMN. Bumsgkuasiv 1 B.B. TapakaHoBbIM, W TIOMCKa MapKepOB SIHUICHETMYECKOM W3MEHYMBOCTH Ha
OCHOBe pa3palarbiBacMoii B.A. JlparaBieBbIM C cOaBTOpaMH TEOPUM  HKOJIOrO-TEHETUUECKOM
OpraHM3aliy KOJIMYECTBEHHBIX IPU3HAKOB, /10 PA3IMYHBIX CIOCOOOB aHAIM3a TaHHbIX U CO3aHUs 001ei
0a3bl AHHBIX JUII BHYTPEHHEro Moyb3oBaHMA. KOpOTKO pacckasbiBaercss O pesyibrarax H3ydeHHs
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BHYTPHUIIOIYJISIIMOHHON M3MEHYUBOCTH COCHBI OOBIKHOBEHHOW M3 FOXKHBIX pailoHOB CHOMPH MO peaKIyH
JIEPEBbEB HA TIOUBEHHO-KJIMMATUYECKHE YCIIOBHSI POM3pacTaHus. B yacTHOCTH, BBISIBIIEHO pa3HOOOpasue
U 4erkad judepeHnmams BHIOOPOK Ha 2-4 TPYyNIBI MO IO BIAro- M TEIUIONIOOMIO JIEPEBBEB, C
HauOOJIBIIMM YPOBHEM U3MEHUYMBOCTH 0 3aCyXOYCTOMUMBOCTH. OTMeUeHa JOCTOBEpHAs HACIIeTyeMOCTb
MH/IMBUTYJIbHON HOPMBI PEAKIMH TPUPOCTOB COCHBI HA M3MEHEHHE IMOTOIHBIX YCIOBHU U OOJBIIOE
YHCJIO JIOCTOBEPHO Pa3IMYAIOIIMXCS TUTIOB COMPSKEHHOCTH POCTA COCHBI € (PaKTOpaMy BHELITHEW CPEJIbL.
[Npemnaraercsi cxema OpraHu3ali MOPQOIOrHYeCKO M3MEHUMBOCTU BETETaTHBHBIX U T€HEPATUBHBIX
MPU3HAKOB BUJIA B CBSI3U C BHYTPHITOMY/ISAIMOHHON SKOTHITYECKON CTPYKTYPOit BUIa.

B cBsI3U ¢ BO3MOMKHOCTBIO HCIIONIB30BAHMS pa3pabaThbiBaeMbIX HAMH METOAMYECKHX TOIXO0/0B B
MPAKTUYECKOM CENIEKIMM BUJOB XBOMHBIX ~OTMEUAaeTcsl HEOOXOAMMOCTh YUYeCThb HE  TOJBKO
TMIOJIOXKUTENIbHBINA, HO M HETaTUBHBIM OIBIT CEJIEKIMOHEPOB-arpapueB B 00JaCTH KyJIbTHBUPOBAHUS
CheOOHBIX pacTeHuid. CrenaH BbIBOA O TOM, YTO PHCKM IIMPOKOrO BHEIPEHUS CENEKIMOHHBIX
MOHOKYJIETYp OYyIyT MHOTOKPATHO paspyLIMTENIbHEE C YUETOM KOJICOAHMI KIIMMATa, PacrpoCTpaHEeHUs
BpeuTeneil u OonesHel U Jp. (akTopoB, Tak Kak Jiec Ui HAC — 3TO HE TOJBKO IHIIA, TEIUIO, JIOM,
JIEKapCTBa, OICKIA, KHUIM, HO M cpenia oOuTaHus, Boja U KiMMar. CeleKIMOHHbIE KYJIBTYPbI JIOTDKHBI
3aHuMarh He 6omee 10-15% oOreit momamm JIeCoB ¢ YCIOBHAMU JUTUTEIBHOTO «OTABIXa», a TUIOMIAb
HeNpUKAacaeMbIX PE3EPBHBIX JIECOB J0KHA ObITh yBemyeHa 10 40-50% ot o011elt IIo1aau J1ecoB.

Paboma evinonnena npu wacmuuroti gounancosoti noooepoicke epanmoe PODOU Ne [3-04-

00495-a u Ne 15-44-04008-p cubupsw_a.

ON SOME APPROACHES TO STUDY INTRASPECIFIC DIVERSITY OF
CONIFEROUS SPECIES IN RELATION TO CLIMATIC FACTORS OF GROWTH
(CASE OF SCOTS PINE)

Tikhonova 1.V.

V. N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences, Russia,
Krasnoyarsk; selection@ksc.krasn.ru

The problem of studying of coniferous species reactions in modern time is particularly relevant as
take place the interest of different sciences to this problem. It is closely related with the problem of the
species. Since wood is a geographical phenomenon, due to the development of botanical geography and
forest typology at the beginning of the last century, widely was recognized the hypothesis of ecological
and geographic differentiation in the ranges of coniferous species. For the L. F. Pravdin”s it was most
developed on the studying of Scots pine variability, one of the highly polymorphic species of Northern
Eurasia.

To that time it was accumulated a number of contradictions of the research areas that require
resolution. For example, take place an artificial hierarchy of intraspecific structure, developed on the basis
of the doctrine about of ecotypes (geographic ecotypes - climatypes — edafotypes - population)? because
there are the connection between environmental factors; the contradiction between the existing of
ecologo-geographic structure of conifer species and seed zoning, on the one hand, and a hypothesis
(theory) of distribution of species by river and the results of population genetics, on the other; the maim
part of genetic variation is concentrated within populations of species, but the elements of intraspecific
structure based only on small part of inter-population differences.

In the report it are considered the some approaches to solving these problems, for examples, the
finding of space structure of species on the basis of phenotypic characteristics, proposed by A.l. Vidyakin
and V.V. Tarakanov; the search of epigenetic markers on the basis of V.A. Dragavtsev et. al. theory of
ecological and genetic organization of quantitative traits; a different ways to analyze the data and create a
common database. The results of the study of intrapopulation variability of Scots pine from the southern
regions of Siberia by the reaction of trees on soil and climatic conditions of growth are briefly considered.
In particularly, it was revealed the variety and a clear differentiation in the samples on 2-4 groups of trees
with different reaction for moisture and heat-loving, with the highest variability in drought tolerance. A
significant heritability of individual increments pines on changing of weather conditions and the large
number of significantly different types of contingency pine growth with environmental factors were
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established. The scheme of morphological variation of vegetative and generative traits of species in
connection with the intra-specific ecotypes structure was proposed.

Due to the possibility of using of methodological approaches developed by us in practical
selection of coniferous species it is necessary to take attention to the necessity of considering not only
positive, but also negative experiences of agricultural selection in the cultivation of edible plants. It is
concluded that the risks of wide introduction of selective cultures to forestry will be multiply destructive
because forests for people are not only a food, heat, home, medicines, clothes and books, bar too a habitat,
water and climate. The selection cultures should take no more than 10-15% of the total forest area, and
the area of untouchable reserve forests should be increased to 40-50% of the total forest area.

This work was supported by the grant of RFBR Ne 13-04-00495-a. The author is grateful
to V.V. Tarakanov, A.A. Knorre and N.A. Tikhonova for their assistance.

NHANBUAYAJBHASA NBMEHYUBOCTb COCHBI OBBIKHOBEHHOM 11O
IMPU3HAKY 3ACYXOYCTONYNBOCTH B JIECOCTEINHBIX BOPAX KOKHOM
CUBUPHU
Tuxonosa H.A., Tuxonosa U.B.

Wucturyr neca um. B.H. CykaueBa CO PAH, Poccust, Kpacuosipck; ntihonova@ksc.krasn.ru

HccnenoBanust 3aCyx0yCTOHYMBOCTH COCHBI OOBIKHOBEHHOM (PINUS Sylvestris L.) BecbMa akTyatbHbI
JUTs 3aCyIUTMBBIX YCJIOBUI JiecocTerHOM 30HbI Crbupy. Jleuimr nouBeHHON BiIark B MEPHOJL BEreTaluu
HEPE/IKO TIPUBOJUT K YCHIXaHWIO CESHIIEB M TOJIPOCTa COCHBI, COPAaChIBAHUIO YacTH XBOW M YCHIXaHHUIO
BETBEH Y B3POCIBIX JEpEeBbEB. J[aHHOE MCCIIEOBaHNE aKTYalbHO B CBSI3U CO CJIOXKMBILEHCS MPAKTHKOM
BBIOOPOYHBIX PYOOK HamOoiee BBICOKOOOHHTETHBIX JIPEBOCTOEB, YTO MOMKET MPUBECTH K CHIDKEHHUIO
MPOIYKTHBHOCTH CJIETYIOIIMX TOKOJIGHMI Jieca B 3TOW NPUPOAHO-KIMMAaThHyeckod 3oHe. OmHuM U3
CITOCOOOB PEIIICHUS 3TOM MPOOJIEMBI SIBJISCTCS CENICKIHS IPEBECHBIX PACTCHHUIA HA 3aCYX0YCTOWUMBOCTD IS
CO3aHMsI BEICOKOIPOTYKTUBHBIX HACAKICHUIA.

[emsro mepBoro drara padoThl ObUIO H3yUCHHE Pa3HOOOPa3Hsl TIOIMYISI COCHBI OOBIKHOBEHHOM,
NPOM3PACTAIOIIMX B YCIOBHSIX JiecocTern Ha fore CHOMpH, TO MPHU3HAKY 3aCyXOYCTOMUHMBOCTH.
HccnenoBanust pOBOWIIM B TPEX JIECOCTENHBIX MecTooOMTaHMusIX cocHbl B IllupuHckom (Xakacus),
Munycuackom (KpacHosipckuit kpaif) u banraseickom (Tysa) 6opax. Beibopku cocrasim 66, 59 u 113
JIEPEBBEB, COOTBETCTBEHHO. Y Kaxioro nepesa B 2006 u 2014 rr. otoupamm no 50 map XBOMHOK C
OJTHOJIETHUX MOOETOB € 4-X CTOPOH KPOHBI, 00pasiibl B3BEIMBAH ¢ TOUHOCTBIO 0,01 Ip., M3MEpsH UTHHY
XBOHU. 3aCyXOYCTOUMBOCTh JIEPEBBEB OIPEIEISUIHN 110 BOOY/IepKuBatoltiei criocooHoctu xsou (BYC). Jlst
3TOr0 00pasLibl BBICYIIMBATM IPH KOMHATHOW TeMIIEpaType U PeryispHO B3BELLMBATIA JIBAXKIBI B ICHb JI0
TIOJIHOTO BBIChIXaHUS (0 5-32 cyrtok). Kpurepriem KOIMYEeCTBEHHOM OIEHKHU BOJOYICPKUBAIOIIICH
CIIOCOOHOCTH XBOM ObLIO Bpemst rotepu 50% Bozp! (HakBacuna, 2002).

B pesynbrare npoBeIeHHBIX UCCIEI0BAHMIA ObLTO YCTAHOBIIEHO, UTO B TIOMYIISIIMSIX COCHBI BpeMsI
niotepu 50% Bompl (t50) y OTIENBHBIX JIEpeBhEB M3MeHseTcs OT 8 10 127 yacoB. BriOOpKy ObUTH pa3aeneHbl
Ha Tpu Ipymmsl: 1 — cnaboycroitunBble K 3acyxe JepeBbs (tso < 16 yacoB), 2 — cpenneycroiunsble (17<t5<
38) u 3 — BeIcokoycTOMuMBSBIE (150 > 38). B BRIOOpKaX npeobranatot aepeBbs 2 rpynibl. ConepskaHue BO/pbI B
XBO€ BapbHpoBaio OT 18 1m0 64%. [lpu 3TOM KOppersimy MEXTy CONEpPYKaHUEM BJIark U CKOPOCTHIO €€
UCTIapeHHs He BBISIBIICHO, UTO OOBSICHSETCS OOJBIIIEH 3aBHCHMOCTBIO 3aCyXOYCTOHUYUBOCTH OT COOTHOIICHHS
KOJIMYECTBA CBOOOTHOM M CBSI3aHHOM BOJIBI B 0Opasiie. B pe3yrbrare MHOTO(AKTOPHOTO aHAIM3a TAHHBIX
OTMEYeHO, uTo 35-37% muctiepcunt 0OBSICHSFOT M3MeHeHus1 oBoHeHHOCTH U BYC xBow (15)) ¢ yBemueHnemMm
BO3pacTa W pasMepoB JIEPEeBa, YIyUIIEHHEM €r0 COCTOSHFS, YBEJIMUECHUEM JUTMHBI M MacChl 1 CM. XBOH,
OTHOILIEHHSI TMaMeTPa CTBOJIA K AUAMETPY KPOHBL.

CymMmapHass mucnepcusi Tpu3HAaKoB cocTaBwia 67-69%. Ilpu stom B IllupurCKOit
BbIOOpKE Ooyiee crapble JEpeBbs OTJIMYAIMCH OOJNBIIEH T'OMO3MIOTHOCTBIO, OoOJIbIIEH
3aCyXOyCTOMYMBOCTBHIO M OTHOIICHUEM JHaMeTpa CTBOJIA K THAMETPy KPOHBI, MEHBIICH JITHHON
xBoU. B 1memom ObUIO yCTaHOBIIEHO, YTO OOJBLIIMHCTBO 3aCyXOYCTOHUYMBBIX JEpPEBBEB
XapaKTEepU3YIOTCS JIYUIIUM POCTOM, COCTOSIHUEM, O0JbIlel JUIMHOM 1 Maccoil xBou. OHAaKo 3Ta
CBSI3b HEOJHO3HauHa. B BHIOOpKAax BCTPEUAIOTCA TaKXKE 3aCyXOYCTOHYMBBIE HHM3KOPOCIbIE
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(6onee romo3urotHeie B LIIupuHCKO# U reTepo3uroTHsie B banra3siHCkol BIOOpKE) EpeBbs C
KOPOTKOM XBOEH.

Takum oOpa3zom, s Oosiee TOJTHONH OLIGHKHM 3aCyXOYCTOHYHMBOCTH [IEPEBHEB B
IPUPOIHBIX MOMYJIALUAX HEOOXOJUMO yUUThIBaTh HE ToJbKO BYC, HO 1 pa3mepsl, cocTosiHUE U
BO3PACT JIEPEBbEB, a TAKXKE JIOKAJIHHBIC YCIIOBHUS UX MECTa MPOU3PACTAHUSL.

Paboma evinonnena npu uacmuunou guuarcosou noooepiicke epanmos PODU Ne |3-
04-00495-a u Ne 15-44-04008-p cudbups_a.

INDIVIDUAL DROUGHT RESISTANCE VARIATION OF PINUS SYLVESTRIS L. IN
THE FOREST-STEPPE PINE FORESTS OF SOUTH SIBERIA
Tikhonova N., Tikhonova I.
V. N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences, Russia,
Krasnoyarsk; ntihonova@ksc.krasn.ru

The investigations of drought resistance of Pinus sylvestris L. are highly relevant to the
arid conditions of forest steppe zone of Siberia. Deficit of soil moisture during the growing
season often leads to desiccation of seedlings and undergrowth of pine, to dropping the needles
and to desiccation the branches in adult trees. This observation is actual due to current practice of
selection cutting of the most high-productive forests; it can be leaded to decreasing of
productivity of the next forest generations in this environmental zone. One of the methods to
solve this problem is the selection of woody plants to drought resistance for creating the highly
productive stands.

The aim of the first stage of work was to investigation the diversity of populations of
Pinus sylvestris growing in a forest steppe in southern Siberia, on the basis of drought resistance
feature. Investigations were carried out in three forest-steppe habitats of pine in Shira
(Khakassia), Minusinskii (Krasnoyarsk region) and Balgazynskii (Tuva) pine forests. The
samples were 66, 59 and 113 trees, respectively. We selected by 50 pairs of needles with annual
shoots from 4 sides of the crown from each tree in 2006 and 2014 years, the samples were
weighed with an accuracy of 0.01 g, and we measured the length of the needles. The drought
resistance of trees was determined on moisture-retaining capacity of needles (MRC). For this
purpose, the samples were dried at room temperature and regularly weighed twice a day until
complete drying (before 5-32 days). The criterion for quantitative estimation of moisture-
retaining capacity of needles was a time of loss of 50% of water.

As a result of realize studies, it was found that in the populations of pine the time of 50%
water loss (tso) from separate trees varies from 8 to 127 hours. The samples were divided into
three groups: 1 - weakly stable from drought trees (tso < 16 hours), 2 - medium resistance (17<
tso< 38) and 3 - highly resistance (tsp > 38). The trees of second group are prevalent in the
samples. The water content in the needles varied from 18 to 64%. At the same time the
correlation between the moisture content and the rate of its evaporation is not revealed that can
be explained by the greater dependence the drought resistance on the ratio of free and bound
water in the sample. As a result of multivariate data analysis we indicated that 35-37% of the
variance explained the changes in water content and MRC of needles (t50) with the increasing of
age and size of the tree, the improvement of its state, the increasing the length and weight of 1
cm. of needles, the ratio of trunk diameter to the diameter of the crown.

The total variance of a features accounted for 67-69%. At the same time in the Shira
sample the older trees were more homozygous, were more drought resistance and have the more
ratio of the diameter of the trunk to the diameter of the crown, and were less length of the
needles. It was generally found that the most of the drought resistant trees are characterized by
the best growth, state, the greater length and weight of the needles. However, this relationship is
ambiguous. In the sample there are also drought resistant dwarf trees (more homozygous in the
Shira and heterozygous in Balgazyn sample) with short needles.
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Therefore, for a more complete assessment of drought resistance of trees in the natural
populations it is necessary take into account not only the MRC, but also the size, condition and
age of the trees, as well as local conditions of their habitat.

MUKPOKJIOHAJIBHOE PABMHOKEHME LARIX SIBIRICA X LARIX SUKACZEWII
C UCITOJIB30OBAHUEM BUOTEXHOJIOI'M COMATHUYECKOI'O
9MBPUOTI'EHE3A IN VITRO
Tperbsikoa U.H., [lak M.J., UBanuuxkas A.C.

Huctutyt neca um. B. H. CykaueBa CO PAH, KpacHosipck

Jlnist ycIenHoM peanu3auy MIaHTalluOHHOTO JIECOBBIpauBanus B Poccuu He0OX0umo
CO3/IaHHE BBICOKOMPOIYKTHUBHBIX COPTOB, OTJIMYAIOIIUXCS BBICOKOW IUIACTUYHOCTBIO U
YCTOMYUBBIX K CTPEcCOBBIM (hakropam. Pe3ynbTaTHBHOCTH JaHHOH pabOTBI MOXET OBITh
0o0yCIIOBJIEHa HMCIOJb30BAaHUEM METOJOB TPAAUIMOHHOW CEJIEeKIMH B COYETAaHHH C
COBPEMEHHBIMH OMOTEXHOJOTUYECKUMU ITPUEMaMHU.

Hamu Obuti 0TOOpaHbI AepeBbs BUIOB LariX, ycToHYMBbIC K JTUCTBEHHUYHOW MOYKOBOM
rajyiMie, a Takke pa3padoTaHa U 3alaTeHTOBaHa OWOTEXHOJIOTUS KYJIbTUBUPOBAaHUS
aucTBeHHUIBI cubupckoii (Larix sibirica Ledeb.) u nuctBennmubsr CykadeBa (L. sukaczewii
Djil.) ma cpeme AW wdyepe3 comarmueckuii 3MOpuoreHe3 in Vitro (matent Ne 2456344,
http://www.freepatent.ru/images/patents/5/2456344/patent-2456344.pdf) u MOJTy4EHBI
pereHepaHTbl JaHHBIX BHJIOB. Mcronib3ys B KauecTBE OSKCILUIAHTOB HE3pEIble 3UTOTHYECKHE
3apOJIBIIIN, TOJYYUIIU YEThIpe CaMOBOCIPOU3BOIALINE Mpoiudepupyommue 3MOpUoreHHbIe
kierounbie auauu. (Kir) Larix sibirica, 11 Ku L. sukaczewii u oany ruOpugHyro jguHuio L.
sibirica x L. sukaczewii. Ki JIHCTBEHHHIBI OTJIMYAIUCh pasHOW  AMOPHOreHHOMU
IPOAYKTUBHOCTBIO, COJAEPKAHUEM U Pa3MEPOM COMATHUYECKUX 3apOAbIIIEH, CIIOCOOHOCTBIO HUX
BBI3pEBaTh U MPOPACTaTh, a TAKXKEe 00Pa30BBIBATH KUZHECMOCOOHBIE pereHepaHThl. B Momoabix
K (Bo3pact 10 OIHOTO rojia) 4MCiIO TIOOYJSIPHBIX COMATHYECKUX 3apojblliel B 1T Chiporo
smbpuorenHoro kamiyca (9K) B cpeanem konebanock ot 2040 mo 7655, u y otaensHbix K
nocturano 11103. IMponudeparuBHas akTuBHOCTH Ki1 coxpaHsiiach B TeUEHHUE IBYX-TISITH JIET U
6onee. [lpu AMUTENTHHOM KyJIbTHBUPOBAHUHM MPOMCXOJIWIO HAKOIUICHHE MYyTalui, KOTOpbIe
OPUBOJMIIM K HapylleHUsM B MopQoreHese CcoMaTW4YecKuX 3apojslmeil. Yucino Takux
HapyleHuid Bo3pactano y Kit ¢ Hu3koit sMOpHOreHHON MpolyKTUBHOCTHIO.

[Ipu nob6asnenuun B nurtatenbHyto cpeny AU abcumsosoit kucnotsl (ABK) mpoucxomun
Mop¢oreHe3 U BbI3peBaHUE COMAaTHUUYECKUX 3apoJibliiei B TeueHue 45 cyTok. UUCio BhI3pEBIINX
COMaTHYeCcKuX 3apoisliiieil y pazubeix Ki konebanock ot 12 1o 1221 mr. Menkue comatuueckue
3apoasin ruOpugHoit KnS BooOme He BbzpeBanu Ha cpene ¢ ABK. HabGmronanuce pasHoro
pozra HapylleHHs B MOpQoreHe3e 3apojiplllla B IPOLECCE BBI3PEBAHUSA: OTKIOHEHHUS B
MopdoreHe3e pa3HbIX JOMEHOB 3apojblllla M IUTOKKWHE3y. HanMeHbllee 4McI0 aHOMaJIbHbBIX
3apoapliel Obto orMeueHo y Kn4, y kotopoil ¢opMupoBaiuchk B OCHOBHOM HOPMaJIbHBIE IO
dbenotumy 3apoapiu (83.3%).

[Ipopactanne coMaTHYeCKUX 3apObIIIeH MPOUCXOIUI0 Ha Oe3ropMoHanbHON cpene AU
U HAaYMHAJIOCh C PACTSDKEHMSI TMIIOKOTWIISI M yAJMHEHUs Kopemka. llosiBieHne snukoTmis
MPOUCXOAWIO dYepe3 2-3 Hemenw KynbTUBHpOBaHUSA. HawmOosbiiee YHCIO TMOTHOIICHHBIX
perenepanToB Obu1o ormeueHo y K4 (80.9 %). YV npyrux KJIETOUHBIX JUHHUN TpopacTaHue
COMaTHYeCKUX 3apojpimeit komebamoch ot 11.1% mo 26.6%. ComaTudeckue CesHIIbI
NEPEHOCHJIM B SKOIMOYBY B YCJIOBHUS POCTOBOM Kamephl, a 3aTe€M OBbLIM BBICAXKEHBI B TEIUIUILY
[Toropensckoro OJII, rae cedHipl akTUBHO pociu. [IpUpocT ABYXJIETHUX CESHIEB 3a
BEreTallMOHHBIN nepuon cocrasuil 10-20 cm.

Paboma noooepocana epanmom PODU Ne 15-04-01427.
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MICROCLONAL PROPAGATION OF LARIX SIBIRICA AND LARIX SUKACZEWII BY
SOMATIC EMBRYOGENESIS IN VITRO BIOTECHNOLOGY
Tretyakova I.N., Park M.E., Ivanitskaya A.S.

V.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences,
Krasnoyarsk, Russia

The problem of conservation of gene pool of the main forest forming species in Russia
may by solved using the combination of classical selection methods as well as modern
biotechnological methods such as somatic embryogenesis, which is widely used abroad in
plantation forest forming.

Trees of Larix genera stable to damaging by larch gall-midge were selected.
Biotechnology of immature isolated zygotic embryos of Larix sibirica and L. sukaczewii
culturing through somatic embryogenesis in vitro on Al medium were developed and patented
(patent No 2456344; http://www.freepatent.ru/images/patents/5/2456344/patent-2456344.pdf),
platnlets of these species were obtained. Four proliferation cell lines (CLs) of L. sibirica, 11 CLs
of L. sukaczewii and one hybrid CL of L. sibirica x L. sukaczewii were obtained from immature
embryo cultures. CLs differed in somatic embryo production: embryo quantity, size, and
capability to maturate, to germinate, and to form viable plantlets.

In the young CLs (up to one year), number of globular embryos per 1 gram of fresh
weight of embryonal callus (EC) ranged from 2040 to 7655, and reached 11103 in some CLs.
The CLs are capable to save their proliferated activity during two-five years and more.
Accumulation of mutations, which leads to disturbances of somatic embryos morphogenesis
occurred at long-term culturing. The number of the disturbances was higher in the CLs with low
embryogenic productivity.

On Al medium with abscisic acid (ABA), somatic embryos reached maturity in 45 days.
The number of mature embryos per 1 gram of fresh EC ranged form12 to 1220 in different CLs.
Small somatic embryos of CL 5 did not mature on the medium with ABA. A range of
disturbances of embryo morphogenesis during somatic embryo maturation was found: aberration
of the embryo domain morphogenesis and cytokinesis. Least number of abnormal embryos was
found in CL 4; in this CL normal mature embryos were formed in 83.3% of cases.

Germination of somatic embryos occurred on hormone-free Al medium, it began from
the elongation of hypocotyl and embryo root. Epicotyl appeared two or three weeks after the
culturing on the germination medium. The higher number of well-formed plantlets was found in
CL 4 (80.9 %). In the other CLs somatic embryo germination varied from 11.1% to 26.6%.
Plantlets were transfer to the soil at the condition of growth-chamber and then to soil at the
green-house of «Pogorelsky Bor» Experimental base. Increase of two-year plantlets was 10-20
cm for the vegetative period.

This work was supported by Russian Fund of Fundamental Research (grant Ne 15-04-
01427).

N3IMEHYUBOCTDB CTPYKTYPbI IPEBECHbBIX KOJIELL JUCTBEHHHUIIbI
I'MEJIMHA B JECOTYHIPOBOM 30HE (IT-OB TAVMBIP)
DaxpyTaMHOBA B.B.}, llamxun A.B.2, BenbkoBa B.E.?
13ana11Ho—CH6I/Ipc1<m71 ¢unuan Uacturyra neca um. B.H. CykaueBa CO PAH, Poccus
*Uncruryt neca um. B.H. Cykauesa CO PAH, Poccus; v.simanko@gmail.com

W3yuenne AMHAMUKU pOCTa JIECOOOPA3YIOIIMX BUAOB B HKCTPEMAIBHBIX YCIOBHAX
JIECOTYH/JIpbI Ha (hOHE II100aTbHOTO U3MEHEHMsI KIIMMaTa Mpe/ICTaBIsieT HECOMHEHHBII HHTEpeC.
OcobenHo wMH(pOpMAaTHBHA OLIEHKAa BHYTPUIIOMYJISLMOHHOM MMOTOJUYHOM HW3MEHYHUBOCTU
XapaKTEPUCTUK CTPYKTYpbI JIPEBECHBIX KOJIEL, YTO MO3BOJIAET Pa3AelisiTh BKIIAIbl Pa3IHMUHBIX
HKOJIOTHUECKUX (PaKTOPOB B OOIIYIO AUCHEPCUIO TIPU3HAKOB.
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B nmanHO#l paboTe mpoBEelEH CPaBHUTENBHBIA aHAIW3 WHIUBHIYaIbHOH M TOTOJHOMN
U3MEHYHUBOCTH CTPYKTYPBI TOAUYHBIX Koser jauctBeHHunbl ['menmna (Larix gmelinii (Rupr.)
Rupr.), npou3spacraroieil Ha CEBEpHOM IIPEAEIIE €€ PaCIPOCTPAHEHUSI.

Jns uccnenoBaHusi ObUIM BbIOpaHbI JMCTBEHHUYHHUKH, PACIOJOKEHHbIE B Ipeienax
JIECOTYHJIpOBOrO 3KoTOHa B aonuHe peku Koryil (nm-oB Taiimbip): IIII1 — B BepxHeil yactu
CKJIOHAa — Ha rpaHuue ¢ TyHapoi u I3 — Hike Mo CKIOHY B «COMKHYTOM» JIMCTBEHHUYHHKE.
Paccrostnne mexnay Humu — 1700 M. IlpoBeneH cpaBHUTENBHBIM aHAIU3 aHATOMHUYECKHX
[apaMeTPOB FOJMYHBIX KOJIELl U UX YyBCTBUTEJIBHOCTU K BHEIIHUM (DaKTOpaM CpeJibl.

JlepeBbsi, TMpOW3paCTaIOUINE HEMOCPEICTBEHHO Ha TpaHUIe C TYHIpPOH, o0ianaroT
OonblIel  MHTEHCHMBHOCTBIO  paAMaJbHOrO  pocra,  (OpMHUPYIOT  Oojiee  IIHUPOKYIO
BOJIOIIPOBOJSIIYIO 30HY KOJIbLIa ¢ OOJbIIEH CpeJHEH IIOMAAbl0 JIIOMEHAa IO CPaBHEHUIO C
JiepeBbsIMU OJIM3KOr0 BO3pacTa, IPOU3PACTAIOLIMMU B «COMKHYTOM» JIPEBOCTOE B HIKHEH yacTu
cKioHa. [laHHBIMN pe3ynpTaT MOXKHO OOBSCHUTH, B TEPBYIO OYEpelb, BBHICOKOH alanTHBHON
CHOCOOHOCTBIO M SKOJIOTMYECKOH IIaCTUYHOCTBIO KCHUJIEMBbI JIMCTBEHHHUIBI ['MenuHa mnpu
ajanTalMyd K JIOKaJbHBIM YCJIOBHMSIM Ipouspactanusi. Kpome TOro, roauyHele KoJsiblia
JMCTBEHHUIIBI XapaKTEpPU3YyeTCsl CHIIBHOM M3MEHUYMBOCTbIO AHATOMHYECKOM CTPYKTYphl B
3aBHCHUMOCTH OT rojia ero hopMupoBanus. I3MEeHUYMBOCTh TApaMETPOB KCHIIEMBI Y JIEPEBHEB HA
rpanune c¢ TyHapoil (IIII1) ompepenstoTcst B OOnbLICH CTENEHM TEKYIIMMHU IOTOJHBIMU
ycinoBusiMu (benbkoBa u np., 2012) 1 B MeHbUIEM — UHAMBUIYAJbHBIMH OCOOEHHOCTSMU
nepeBbeB. OueBUAHO, YTO JIMCTBEHHUIA BOJIM3U Ipezesa CBOEro pPaclpoCTpaHEHUs MPOSBISET
BBICOKYIO aJIallTUBHYIO IIJJACTUYHOCTh HAa YpPOBHE KcujeMbl. JlepeBbsi U3 «COMKHYTOIO»
muctBeHHnuHuKa (I1I13), xapakrepusyrorcss Oosblield WHIMBUAYAJIBHOW H3MEHUYUBOCTBIO
[apaMeTpoB AHATOMHYECKON CTPYKTypbl. HeOnaronmpusTHble MHKPOIKOJIOIMYECKUE YCIOBHS,
KOTOpPbIE CKJIaJbIBAlOTCS B OTHOCHUTEIBHO CTapoM JApeBocToe (0ojee CIIOXKHBIM HaHOpenbed,
HEeOJIarONpPUATHBIA THAPOTEPMUUECKUM PEXUM IOYBBI U JIp.), MOAABIIAIOT PAaJUaAIbHBIA POCT U
YyBCTBUTEIBHOCTh K BHEIIHUM YcJOBUAM. [Ipu 3TOM nepeBbs Ha MHIMBUAYAJIBHOM YPOBHE
CTPEMSTCS COXPAHHUTh HOpPMalbHOE (DYHKIIMOHHUPOBAHWE BOJOTPAHCIIOPTHOW CHUCTEMBI, O YeM
CBU/IETEJILCTBYET Mpeo0diiafiaHne NHIUBUAYaTbHOW U3MEHUYNBOCTH HaJl IOTOHOM.

NuauBuayanbHas M3MEHYMBOCTh OTPa)Ka€T COBMECTHOE BIIMSHUE SKOJIOIMYECKHUX U
Hacle/ICTBEHHbIX (pakTopoB. [loaToMy cyliecTBeHHbIE BHYTPHUIONYJISIIMOHHBIE Ppa3IHyuus B
COOTHOILIEHUH WHJMBUIYATbHOW U MOTOAHON M3MEHUYMBOCTHU JJISi CTPYKTYPHBIX XapaKTEPUCTUK
TOJJMYHOTO MPHPOCTAa MOTYT OBITH OOYCIOBJEHBI WIN Pa3IMUMsIMU B YPOBHE 3KOJOTMUECKOU
FeTepOreHHOCTH OWOTONOB, WJIM pa3IU4YMsIMH B YpOBHE T'€HETHMUECKOH TIe€TepOreHHOCTU
HOMYJISALMHI, YTO MOXKET OBITh BBISIBIICHO IIPU AAaJbHEHUIIMX MCCIIEJOBAHUSMX.

Paboma evinonnena npu noooepoicke epanma PODOU 14-04-00443.

VARIABILITY OF THE TREE RINGS STRUCTURE OF GMELIN’S LARCH
GROWING WITHIN THE FOREST-TUNDRA ECOTONE (TAYMYR)
Fakhrutdinova V.V.}, Shashkin A.V.2 Benkova V.E.?

"West-Siberian Branch of the Institute of Forest of, Siberian Branch of Russian Academy of
Sciences (WSB IF SB RAS), Russia
2V/.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences, Russia;
v.simanko@gmail.com

A study of the growth dynamic of forest tree species in extreme conditions of treeline
ecotone with global changing climate is interesting. The estimate of intrapopulation annual
variability of wood anatomy characteristics is particularly informative. It helps to divide the
contribution of different ecological factors to total features dispersion. In this work, a
comparative analysis of individual and climatic variability of tree ring structure characteristics of
Gmelin’s larch (Larix gmelinii (Rupr.) growth within northernmost forest was carried out.

For the study larch trees was selected forest-tundra ecotone in valley Kotuy river
(Taymyr): PP1 — on a boundary with tundra, PP3 — in closed larch forest. A distance between
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PP1 and PP3 was 1700 m. The comparative analyze of anatomic tree ring parameters and their
sensitivity to environmental conditions was carried out.

The trees from forest-tundra boundary has greater radial growth intensity, forms the
bigger conductive zone in rings with wider mean lumen area in comparison with trees from
closed forest. This result can be explained by adaptive features and height ecological xylem
plasticity of Gmelin’s larch. In addition, the tree rings of larch are characterized by strong
variability of structure from year to year. The tree rings structure of larch from boundary with
tundra (PP1) is determined by largely current weather conditions. The larch close to tundra
evinces high adaptive plasticity on the level of xylem structure. The xylem reflects joint changes
of climate factors and local ecological conditions. The trees from closed forest (PP3) are
characterized by larger individual variability. The local conditions in oldest forest (for example,
bad hydrothermal soil conditions) inhibit the radial growth and sensitivity to environmental
factors. In this case, the trees on individual level are tended to save the normal functioning of
water-transport system.

The individual variability reflects joint effects of ecological and genetic factors. That’s
why the significant differences in ratio individual to climate variability of tree ring structure
characteristics can be caused by the different in the level of ecological habitat heterogeneity or
the different in the level genetic within-population heterogeneity. This can be detected by further
studies.

The study was financed by Russian Foundation for Basic Research (14-04-00443).

ITFEHETHYECKAS UI3MEHYUBOCTD XJIOPOIIJIACTHBIX MAPKEPOB B
IMPUPOJHBIX ITOIIYJIAIUAX MOXKKEBEJIBHUKA OBBIKHOBEHHOI'O
(JUNIPERUS COMMUNIS L.)

XaHTemMupoBa E.B.l, CemepuxkoB B..JI.l, Heinze B.,2 Knsizera C.I'.°
1I/IHCTI/ITyT 9KoJIOrMM pacteHuil u xxuBoTHEIX YpO PAH, Exatepun0ypr, Poccus;
hantemirova@ipae.uran.ru
’BFW, Dept. of Genetics, Vienna, Austria
3 WuctutyT neca, CO PAH, Kpacnosipck

N3yueHa reHermyeckas H3MEHYMBOCTb U (Quioreorpapuyeckas HCTOpUS OJHOIO M3
BUJIOB CEMEWCTBA KHUIAPUCOBBIX — MOYOKEBEIbHHKA OOBIKHOBEHHOTO (JUniperus communis s.
lat.). Ycnone3ys oOmmpHbIe BBIOOpKH cO Bcero apeana (40 momysmsinuii, 620 00pa3ioB) Ml
MPOaHATM3UPOBAIH Y 3TOr0 BHJA JiBa (hparmMenta xioportactaoit JJHK — trnT-trnF u 16s-trnA
metonoM PCR-RFLP. 370 o6pa3uoB 3aTem ObU10 npocekBeHHpoBaHO. KoMOMHaINs CUKBEHCOB
JBYX (hparMEeHTOB MO3BOJINMIIA UIEHTU(UIUPOBATH 78 pa3IMUHBIX TallyIOTUIIOB. boiee moIoBUHBI
U3 HUX OKa3aJHch peAKUMU. bbla oOHapykeHa 3HaunTenbHas ¢uiioreorpaduyeckas cTpykTypa
BJI0JIb Bcero apeaia pacrpoctpanenus Buaa (Fst=0.77, Nst (0.796)>Gst (0.640). PesynbraTs
UCCIIEIOBAaHUST M3MEHYHMBOCTH MOXOKEBEIbHHUKA OOBIKHOBEHHOTO OJHO3HAYHO MOJTBEPXKIAIOT
muddepenimanio  ceBepoaMepUKaHCKOM  pazHOBUAHOCTH J.  communis var. depressa,
CEBEPOKABKA3CKOW pa3HOBHUAHOCTH J. communis var. oblonga B BocTounoii yactu CeBepHOTO
Kagkaza, a Taxke momyssinuii J. communis var. saxatilis kpaitiero ceBepo-Boctoka u JlanbHero
Bocroka Poccunm wu nonynsuuit  llentpansHoi  Asum. EBpomelickue, ypaiabCKue U
BOCTOYHOCHOMpCKHE Tonyssimuu J. communis var. saxatilis u J. communis var. communis
SBIISIIOTCSL YacTSAMHU OJHOW OoublIoN Kiaapl. OOIIHOCTh UX TaIIOTHIIOB, BO3MOXKHO, SIBIISETCS
pe3yNbTaTOM HEAAaBHEM KOJOHU3ALWKM M TMEPEeMEIIMBAaHUS TEHHBIX IMOTOKOB W3 HECKOJIbKHX
JOKaJIbHBIX pedyruymoB. OqHUM U3 TakuX pedyruymMoB MOITH OBITH AJIBIBI, APYTHe MOTIIN
pacrosaraTbCsi Ha Kparo CKaHJIMHABCKOTO JIEASHOro muTa. /loka3aTenbcTBOM 3TOMY CIY>KUT TO,
YTO HaUOOJBIIUM BHYTPHUIIOMYJISLMOHHBIM pasHOOOpa3reM 00JalaloT aJbIUICKUE MOMYIISLIUN
(Cesepnbrit Tuposabp) ¥ MOMYJSIITUN, HAXOJSANIMECS HAa CEBEPHBIX Mpesenax apeana — SKyTuu,
[Tonsspaom VYpane, Xubunax, Dcronun, [IBenuu, a Taxke nomynsnus u3 TBepckoil o0macTu.

178


mailto:hantemirova@ipae.uran.ru

CeBepoeBporneiickue MOMYIALMKM  00JalaloT TakXKe XapakTepHOW penKod  MyTaruei,
nuddepeHIUpyIoNed X OT OCTAIBHBIX €BPa3sMUCKUX momyisaiuid. KpaliHuii ceBepo-BOCTOK
Poccun, Tepputopusi Tak Has3piBaeMOM bepuHrum ObLI, BEpPOSATHO, APEBHUM pePyrHyMOM,
JUIUTETILHO W30JMPOBAHHBIM OT OCTajdbHOW TeppuTopuu Poccuu BepxosHCKUM XpeOTOM U He
MMEIOIIMM BIIOCJIEICTBUHA KOHTAKTA C €EBPA3UUCKUM I'€HHBIM IIOTOKOM. B LIEeHTpanbHO-a3uaTCKOU
rpymie (Antaii, Casuasl, 'opaas opwus, Tsaue-1llans) npeodmanaer ramorun H4, renernyecku
JAJIEKAHA OT BCEX OCTAJIbHBIX ralyIoTUIIOB. [IponcxoxaeHue 3Toi rpymnisl, BO3MOXKHO, CBSI3aHO C
JIPEBHEH KOJIOHU3alMel MOXoKeBelbHIKA U3 Tubera, compoBoKaaronieics: CUIIbHBIM 3¢ dekToM
ocHoBatens. PazoOmiennsle monymsnuu J. communis var. oblonga, coxpanuBiuecs B ropax
Ceeproro KaBkaza, noxoxe, NEpeKWIUM OrPaHUYEHHE TE€HHOIO TIOTOKAa M IO3TOMY
AKKyMYJIMPOBAJIHM BBICOKYIO CTENEHb MU(epeHIranny, gaxe Ha KOPOTKHX TUCTaHIMsIX. OHU
JIENATCS HAa TPU TPYIIBl — TOPHYIO BOCTOYHYIO YacTh, I'OPHYHO LEHTPAJIbHYIO 4YacTb U
IOJIYIYCTBIHHYIO HOTalicKyto rpymniy. Hamm nanHble CBUAETENBCTBYIOT O TOM, YTO B BOCTOYHOM
yactu CeepHoro KaBkaza MOXOKEBEIbHUK OCTaBAJICA JOJIOE€ BpEMS HU30JIMPOBAHHBIM U
Hakonwi crneuuduueckue Myranuu. [amioTunbl, XapakTepHble i LEHTPAIbHOM YacTH
CesepHoro KaBkaza, okasanuch Oojiee ONM3KM K eBpOIEHCKMM J. COMMUNIS, YTO MOXKET
CBHU/ICTEIICTBOBATh 00 WX 0OoJiee HEJAaBHEM MPOUCXOKICHUU U 00 OTCYTCTBHH TaKOM CHIBHOMN
M30JISIMY, KAK B BOCTOYHOM YacTH.

GENETIC VARIATION OF CHLOROPLAST MARKERS IN NATURAL
POPULATIONS OF COMMON JUNIPER (JUNIPERUS COMMUNIS L.)
Hantemirova E.V.%, Semerikov V.L.}, Heinze B.2, Knayzeva S.G.

! Institute of Plant and Animal Ecology, Ekaterinburg, Russia; hantemirova@ipae.uran.ru
’BFW, Dept. of Genetics, Vienna, Austria/Europe
¥ Forest Institute, Siberian Branch of Russian Academy of Sciences, Krasnoyarsk

Based on extensive range-wide sampling, we address the phylogeographical history of J.
communis s. lat one of the most widespread and taxonomically complex juniper with
circumboreal distribution. A total of 40 populations from seven countries and 650 samples were
analysed for chloroplast DNA variation using polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP). We sequenced two chloroplast DNA fragments 16s-trnA and
trnT-trnF for 370 individuals and 78 different haplotypes were identified in J. communis. A
strong phylogeographic structure of this species was detected (Fst = 0.77). Nst (0.796)> Gst
(0.640). The cpDNA data revealed 12 phylogeographic groups. The first three groups of J.
communis var. oblonga from the North Caucasus: central part, eastern part and one semi-desert
population (Nogai step). The fourth group — J. communis var. depressa (Alaska), 5-12 groups
include all J. communis var. communis and J. communis var. saxatilis. 5 - Central Asia and South
Siberia, 6-north-eastern Siberia, 7 - Far East of Russia (Lazo, Sihote-Alin), 8 - Far East of Russia
(Sakhalin, Gazimur), 9 - Europe, 10 — Ural, 11 — peripheral South Ural population (Belorezk), 12
— Transbaikalia, corresponding to geographic regions. Similarity of the past four groups is
probably results of recent colonization and mixing of lineages expanding from several local
refugia. One of such refugia would be Alps. Juniper may have probably survived in ice-free
mountain tops (nunataks) within alpine ice-sheet even in early glaciation. Our data also suggest
possible minor refugia in the northern part of distribution range of juniper (Scandinavia, Cola
peninsula, Estonia, Polar Ural, Yakutia) and in the Tver region. Enormous area of Europe and
Siberia was likely recently colonized postglacially from these regions as a result of long-distance
dispersal. The northeastern of Russia (Kolima region) was likely other ancient refugia isolated
from the rest territory byVerhoyanskii range by the long time and no mixed later with Eurasian
lines. The low levels of genetic variation and high differentiation observed in Central Asia can
be explained by bottlenecks during immigration probably from Tibet. North Caucasus J.
communis var. oblonga has a very strong population differentiation. It seem some populations
from eastern part of North Caucasus being split among different mountains with the complicated
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topography during warmer period and remained quite isolated and genetically differentiated,
whereas populations of central part of North Caucasus expanded and mixing with European
haplotypes. It is possible that groups of Central Asia, north-eastern Russia, Caucasus and Alps
originated earlier before the LGM. The early climatic changes may have caused deep
intraspecific divergences in this species. Other Eurasian populations have rather recent origin.

SOME ENDEMIC AND RELICT SPECIES IN MOUNTAIN OF JABLANICA,
MACEDONIA
Hristovski N.,* Nastevska 1.}, Kuznetsova G.%, Nastevska S.*
Faculty of Biotechnical Sciences, 7000 Bitola, Macedonia; nikola_dimce@yahoo.com
2V/.N. Sukachev Institute of Forest, Siberian Branch of Russian Academy of Sciences,
Krasnoyarsk, Russia; galva@ksc.krasn.ru

The mountain Jablanica is located in West Part of Macedonia in the border between
Macedonia and Albania. From geological view it is half pat limestone and other part is silicate
granit stones.In this moutain are widespread a lot of plants. Some of them are endemic and other
are glacial or tertiary relicts.We will mentioned some of them such as: Fritilaria
macedonia,Gentiana verna and Gentiana asclepidaca,Atropa beladona, Achillea arbotanoidea,
A.holosericea, Sideritis raiseri, Echium vulgare, Crocus jablanicensis, Pinguiculablacanica,
P.cristalina, Pinus peuce Griss, Crocus cvijici, C.scardicus, Lilium albanicum, L.martagon,
Orchis simia and others. The wood from Ohrid Lake up to 800 m are distributed oak Querqus,
until between 800-900m altitude is mixed wood of Querqus and Fagus and over 900 m.a. is
distributed Fagus up to alpine part where is distributed individiul trees of Pinus peuce a tertiary
relict whis is widespread up to the top of the Mountain. The Makedonian pine Pinus peuce refers
to the endemic and relict pines of the Tertiary period. It is widespread in the Balkan Peninsula: in
Macedonia, Serbia, Albania, Montenegro, Bulgaria and Greece. This is a fast growing, stable,
beautiful pine tree, it can be found in many gardens and parks. This widespreda is more vacantly
the last 30 years as a result of global warming, such as it is case in Pelister, Kajmakcalan and
other mountains in Macedonia.

IT'EHETUYECKUE PECYPCBI TOIIOJISA B HEHTPAJIBHOM YEPHO3EMBE
apes ALY IapeBa P.I1.2
1HeTp03aBoIICKI/H71 rOCYJ1IapCTBEHHBI YHUBEPCUTET, 2Bcepoccm71c1<1/1ﬁ HHWU necHolt reneTukwu,
cenekuu u onotexuosoruu, Poceus; antsa_55@yahoo.com

N3ydyeHne W COXpaHEHHE JIECHBIX I'€HETHUYECKHUX PECYPCOB — OIHO M3 NPUOPUTETHBIX
HaIpAaBJICHUN UCCIECIOBAHUIN MOCIEIHUX JAecATIieTHi. K ynuciny BUIOB, FEHETHUECKHUE PECYPCHI
KOTOPbIX Han0oJiee HHTEHCUBHO BOBJIEKAIOTCS B XO3AHCTBEHHBIH 00OPOT MpH IJIAHTALUOHHOM,
TIOJIC3aIMTHOM JIECOPA3BEJICHUU M O3€JICHEHHMH, OTHOCSITCS TpejacTaButenu ponxa Populus L.
OTuUMH NpobiieMaMH 3aHUMAIOTCS KaK HTY3MACThl B Pa3HBIX CTpaHax, Tak U TOCYAapCTBEHHBIE U
MEXIyHAPOJHBIC CTPYKTYpBI, Takue Kak MexayHapomaHas TorosneBas komuccuss ®AO, psia
cexiuit MFO®PO, EBponelickuii MHCTUTYT JecHbIX reHerndyeckux pecypcoB (EUFORGEN) u
Ap.

Jlns mpumepa MOXKHO OTMETHTh HEKOTOpble pe3ynbTaThl Takux pador B CLHA. Tam
Haubosee MHTEHCUBHO M3Y4aeTcs 8 €CTECTBEHHO NMPOU3PACTAIOLIUX BUI0B TONOJS U LETBIA psf
9K30TOB M THOpUI0B. M3 MecTHBIX BUaoB 310 — P. angustifolia, P. balsamifera, P. deltoides, P.
fremontii, P. grandidenta, P. heterofylla, P. tremuloides, u P. trichocarpa. Bcs teppuropus
CIIA nns »roii menu pasgeneHa Ha Tpu 30HbL 1. IOxnyro (HuwkHss uyacTe AOIMHBI
Muccucunu), 2. lentpansnas u CeBepo-uenTpansHas u 3. CeBepo-3anajgHasi TUXOOKEAHCKas.
OcHoBHBIE pabOTHI B IIEpBOii 30HE MpoBoATCs oA aruoi Jlecnoit cimyx0b1 CHIA. 3aeck 6b110
oroopano 14 xionos P. deltoides mis xkomMMepueckoro MCIONB30BaHUS W CO3JaHBI KIIOHOBBIE
Kojutekuuy u3 3700 reHOTUIOB JUIsl U3YYEHHsI YKOPEHSAEMOCTH, CKOPOCTH POCTa, YCTOMYMBOCTH
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K 3a00JIeBaHUSM, NPSAMHU3HBI CTBOJA M IUIOTHOCTH ApeBecuHbl. Cpemu Hux B 1980 1. ObLIO
otobOpaHo 198 reHOTHNOB UIsi BTOPOW CTaJAWHM TECTUPOBAHMS, Jy4IIHE W3 KOTOPBIX OyayT
BKJIIOUYEHBI B TPETUM LMK HcObITaHuid. Kpome TOro, B 3TOi 30HE CO3/1aHbl KOJUIEKIIMU B
I'ocynapctBenHom  yHuBepcutere  Oxmaxombl (450  renotumnoB), [ocymapcTBeHHOM
yauBepcuTeTe Muccucunu (626 kioHoB) U ap. Takue ke KpymHBIE KOJUICKIIMUA TeHODOHIA
cosnanbl ¥ B apyrux 3oHax CIIA (B.J. Stanton et al., 2014).

B CCCP u B Poccum sta mpobiema mogHUMAalach HEOJHOKPATHO, YTO OTPAKEHO B
MHOTOUHCJICHHBIX MYyONMKAIMsIX M pemieHusx (GopyMoB, BKIOYas U IPEAJIOKEHUS
MeXayHapOoJHBIX COBEIIAHUH 10 COXPAaHCHHIO TEHO(OHIA JIECHBIX IPEBECHBIX PACTCHHUN
Cubupu. Cpenu apyrux ApeBecHbIX pacTeHuil Poccuu Tomoss Beerna mpuBieKkal BHUMAaHUE Kak
OJIHA M3 CaMbIX OBICTPOPACTYIUX MOPOJ YMEPEHHOTOo nosica. LlenTpansHoe UepHO3eMbe Kak pa3
OTHOCHUTCSI K PErHOHAM YMEPEHHOTO KJIMMara, Tie ecTeCTBeHHO mpom3pacraror P. alba L., P.
nigra L., P. tremula L. u ecrectBennsiii rudpuz P. canescens Ait (Sm.) — P. alba x P. tremula.

HccnenoBanust Mo U3y4EeHUIO U COXPAHEHHIO 3TUX BUIOB IN Situ 1 eX Situ mpoBOIMIKCH
3nech ¢ 50-x romoB mpouutoro Beka. [Inonepom 3Toit paboTsl B perrnoHe 0bu1 ipodeccop M. M.
Bepecun. 3arem 3T paboThl ObUTM MPOJOHKEHBI €r0 YYeHHKaMH U mocienoBatensmu (M.M.
Bepecun u np., 1974; A.Il. Lapes, 1985; A.W. Cuponanos, 2005; A.Il. Ilapes u ap., 2010;
Tsarev, 2005, 2013 u ap.). B pesynbrare »THX HCCleqOBaHWA OBLTH OTOOpaHBI ILUTFOCOBHIE
HACaX/JCHUSI U IUTIOCOBBIC JICPEBbS, CO3JAHBI KOJUICKIMHM €X SitU, MpOBEIEeHO MHOTOJICTHEE
TECTUPOBAaHUE HAa POCT, YCTOWYMBOCTh K OMOTHYECKHMM M aOMOTHUECKUM (pakTopam Cpeibl.
HccnenoBanbl KadyecTBO JAPEBECUHBI, HAKOIUIEHUE OMOMAcChl IPU KOPOTKO-POTALOHHOM
JICCOBBIPALIUBAHUY, U3YUYECHBI MOKA3aTeIU KOPMOBOW IIEHHOCTH IMOJIy4aeMOil TPEeBECHOH 3eJIeHH
u J1p.

B  Boponexxckom JITU (B  HacTtosmem  BopoHexckuit  rocynapCTBEHHBIN
necorexunueckuii yauBepcutet) u LIHUWIJIT'uC (B nactosmem Bceepoccuiickuit HUU necnoit
TEeHETUKH, CEJeKIMU M OHMOTEXHOJOTWMH) CO3[aHbl KOJUIEKIUU KIOHOB Tomons (6oinee 270
KIIOHOB), ronyieTyM (6osiee 80 kiaoHOB), TpemyneryM (Oosee 30 ki1oHOB ocuHbI). Kpome Toro,
nyTeM ruOpuan3auu BoeiBefieHo O6osee 80 Thic. U TectupoBaHo Oosee 2000 reHOTUTIOB OETbIX,
YepHbIX, Oanb3aMUYECKHX TONOJEH U OCUHBL. B pesynbrare wucciaenoBaHuil paszpaboTaHbl
NEpPCIEKTUBHBIE  ACCOPTUMEHTHI  JJIsi  CO3[JaHUsI  IUIAHTALIMOHHBIX, MOJIE3aUIUTHBIX U
03€JICHUTENBHBIX HACAXKICHUI.

HekoTtopeie acmekTbl 3THX pabOT mpennoyaraercs MOJMOXKUTh Ha mpeacrosmem |V
MEX1yHapOJAHOM COBEILIaHUU 110 COXPAHEHUIO JIECHBIX T€HETUUECKUX pecypcoB Cubupu.

POPLARS GENETIC RESOURCES OF THE CENTRAL CHERNOZEM REGION
Tsarev A.P.1? Tsareva R.P.2
'Petrozavodsk State University, Research Institute of Forest Genetics, Breeding and
Biotechnology, Russia; antsa_55@yahoo.com

The study and preservation of forest genetic resources is one of the priority directions of
researches of the last decades. The cultivars of poplars are the trees which are most intensively
involved in economic circulation at plantations, field-protecting afforestation and gardening. The
enthusiasts in the different countries and international institutions, such as the International
poplar commission of FAO, a number of sections IUFRO, the European Institute of Forest
Genetic Resources (EUFORGEN), and etc. deal with these problems.

It is possible to note for an example some results of such works in the USA. There 8
naturally growing species of poplars and the number of exotes and hybrids are most intensively
studied. From local species it is P. angustifolia, P. balsamifera, P. deltoides, P. fremontii, P.
grandidenta, P. heterofylla, P. tremuloides, and P. trichocarpa. All territory of the USA for this
purpose is divided into three regions: 1. Southern (Lower Mississippi River Valley), 2. Central
and North Central, 3. Pacific Northwest. The main works in the first zone are carried out under
the auspices of Forest service of the USA. Here 14 clones of P. deltoides for commercial use
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were selected and clonal collections from 3700 genotypes for studying of an adventitious
rooting, growth rate, resistance to diseases and form of a trunk and density of wood are created.
Among them in 1980 198 genotypes were selected for the second stage of testing. The best of
them will be included in the third cycle of tests. Besides, in this zone collections at the State
university of Oklahoma (450 genotypes), the State university Mississippi (626 clones), etc. are
created. The same large collections of a gene pool are created and in other regions of the USA
(B.J. Stanton et al., 2014).

In the USSR and in Russia this problem rose repeatedly. That is reflected in numerous
publications and decisions of forums, including also offers of the International meetings on
forest gene resources preservation in Siberia. The poplars always were attractive researcher
attention as one of the most fast-growing species of the Russian temperate belt. The central
Chernozem region is the region with such temperate climate where naturally grow P. alba L., P.
nigra L., P. tremula L. and natural hybrid of P. canescens Ait (P. alba x P. tremula).

Researches on studying and preservation of these species in situ and ex situ were carried
out here from 50™ years of the last century. Professor M.M. Veresin was the pioneer of this work
in the region. Then these works were continued by his pupils and followers (M.M. Veresin, a. 0.,
1974; A.P. Tsarev, 1985, 2005, 2013; A.l. Sivolapov, 2005; A.P. Tsarev, a. 0., 2010). The plus
stands and plus trees were selected, the ex situ collections, long-term testing for growth,
resistance to biotic and abiotic factors of the environment are created as the results of that
researches. Quality of wood, accumulation of biomass at short- rotation forest plantations and
indicators of fodder value of the wood greens, etc. are studied.

In the Voronezh State Forest Technical University (former Voronezh Forest Technical
Institute) and Research Institute of Forest Genetics, Breeding and Biotechnology (former
Research Institute of Forest Genetics and Breeding ) collections of poplar clones (more than 270
clones), populetum (more than 80 clones), and tremuletum (more than 30 clones of an aspen) are
created. Besides, by hybridization more than 80 thousand hybrid plants are obtained. More than
2000 genotypes of white, black, balsam poplars and an aspen are tested in field experiments. As
a result of that researches perspective assortments are recommended for creation the massive,
field-protecting and the ornamental plantations.

Some aspects of these works it is supposed to report on the IV International Conference
on Preservation of Forest Genetic Resources of Siberia.

OBBEKTHBI CEJIEKHUU 11O COCHE B KA3BAXCTAHE
Yeoorpko H.K., Tepexosa C.B.
Ka3zaxckuii Hay4HO- UCCIIEA0BATEIBCKUI HHCTUTYT JIECHOTO XO35MCTBA U arpoJIECOMEINOPALINH,
Kasaxcran; chebotkon@mail.ru

Hauano co3nanust cenekIMOHHBIX 00BEKTOB Mo cocHe B Kazaxcrane cBs3aHo c¢ 1973-
1974 romamu. B 3TOT mepuoj co3laH apXWB KIOHOB, TJie OBUIO BBICAXXEHO BETETATUBHOE U
CEeMEHHOE MTOTOMCTBO IOMIAPHO OTOOPAHHBIX TUTFOCOBBIX U HOPMAJIBHBIX JIepeBbeB (51 miIocoBoe
u 47 HOpManbHBIX). DTU JepeBbsi ObUIM OTOOpaHBl B 5 MecTax NpPOM3pACTaHUS COCHBI —
BboposckoMm necHom maccuse, BopooseBckoM, Katapkonbckom, Ypymkaiickom | nYpymkaiickom
Il 6uoronax.

B 1984-1986, 1989 ronax 6butn co3faHbl €€ 2 apXuBa KIOHOB IUTIOCOBBIX JIEPEBBEB, B
KOTOPBIX MPEJCTABIEHbI 82 KJIOHA IUIFOCOBBIX JEPEBBEB M3 7 TOCYJAPCTBEHHBIX YUPEKICHUN
necHoro xo3siictBa (['YJIX) AkMoOTUHCKO# 00acTu.

enu co3gaHust apXWBOB KJIOHOB — COXpPaHEHHE M KOHIIEHTpAIMsl HanOojee LEeHHBIX
TE€HOTUIIOB COCHBI, OLICHKA I10 BET€TaTUBHOMY IIOTOMCTBY HACJIEACTBEHHBIX CBOMCTB IUIFOCOBBIX
JIEPEBbEB, OTOOpP W WCIOJIB30BAaHWE TMEPCHEKTUBHBIX KIOHOB g 3akianku JICII BToporo
HOpsAJKA.

[IpoBonMMBIE HCCIEAOBAHUS B ApXUBAX KJIOHOB — M3YYE€HHE CPOKOB Hadajaa U OKOHYAHMS
BereTalyy, 0COOEHHOCTeH IBETEHUS, YCTOMYMBOCTH K AKCTPEMAJbHBIM IOTOJHBIM YCIOBHUSIM,
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BpPEAUTEISIM U OOJIE3HSIM;OIICHKA HACIEICTBEHHBIX CBOWCTB IUIIOCOBBIX JIEPEBHEB MO OOIICH U
crienupuieckol KOMOMHAIIMOHHONW CITOCOOHOCTH Ha OCHOBE KOHTPOJIHMPYEMBIX CKpPEIIWBaHUM;
YCTAaHOBJICHHE THIIA CHCTEMBbI TIOJIOBOTO Pa3MHOXKCHHS, CcOOp CeMsSH s 3aKJIaJKd
UCIBITATENbHBIX KYIbTYD.

B pesynbraTe wuccienoBaHUM BBIACNCHBI 15 KIOHOB MO OBICTPOTE pOCTa, KOTOPHIE
WCIIOJIb30BaHbl MPH 3aKJIaJKe HCHBITATENbHBIX KYJIbTYp BTOpOro mnokojeHus. I[lomydensr 5
COPTOB COCHBI TIO MPOYKTUBHOCTH — «bopoBckast — 30» (MaTeHT Ha CENEKIMOHHOE JOCTHKCHUE
No 106), «Ypymkaiickas — 38» (martent Ne 105), «Ypywmkaiickas — 53» (marent Ne 107),
«boposckas — 22» (nareHt Ne 421), «bopoBckas — 44» (mareHt Ne 422) u 1Ba copTa COCHBI 110
nekopaTuBHOCTH — «ChIMOATThI Kaparai» (mateHT Ne 47) u «bynanaunckas» (mateHT Ne 48).
Copra 3aperucTpupoBanbl B [OCYyJapCTBEHHOM pEECTpe CENeKIMOHHBIX JIOCTHIKCHUH,
JOTYIIEHHBIX K UCoJib3oBaHuI0 B Peciyonmke Kazaxcran B 2004, 2006, 2011 r. u 2014 rogax.

B 1984, 1986 u 1987 ronax co3naHbl UCHBITATENbHBIE KYJIbTYPbl IOTOMCTBA IUIFOCOBBIX
nepeBbeB cocHbl 00bikHOBeHHOI, |11, 1V renepanuii (Il renepanus 6su1a co3gana B 1985 r., HO
U3-3a JIOMYIIEHHbIX OMIMOOK P MOCaJKe pacTeHU oHa ObuIa B JajbpHeleM crucana). O0mast
IUI0MIAIb Mocaaku coctaBuia 13,66 ra. Llenb onbiTa — UCHIBITAHWE CEMEHHOTO MOTOMCTBA COCHBI
OT CBOOONHOTO oOmbUICHHS. VcmbIThiBaeTcs MmoToMcTBO 34 ceMell momycuOcoB m 38 cemeit
KJIOHOB TUTFOCOBBIX JIEPEBBHEB B 2-4 MOBTOPHOCTSIX.

[TpoBomuMBIE HCCIENOBAaHUS — M3YyYEHHWE POCTa, KadecTBa CTBOJA, OOIIETO COCTOSHUS
ceMeil, yCTOMYMBOCTH CEMEHHOT'O TOTOMCTBA COCHBI OOBIKHOBEHHOW K BPEIUTEISIM U OOJIE3HSM,
HeOmaronpusaTHeIM (hakTopam cpensl. Ha OcCHOBaHMHM WCHBITAaHUS MOTOMCTBA BBIACICHBI 15
MEPCIIEKTUBHBIX CeMel, KOTOPbIE PEKOMEHYIOTCS JJIsl OpraHu3alid COPTOBOTO CEMEHOBO/ICTBA.

B 1986, 1988 1 1989 rogax co3maHbl HCIIBITATENBHBIE KYABTYPHI THOPUIHOTO TOTOMCTBA
IUTIOCOBBIX JIEPEBhEB COCHBI OOBIKHOBeHHOW. OOIIas IuIomiaab mocajaku coctaBuia 13,66 ra.
[lenp ombITa — WCHOBITAHWE CEMEHHOTO TOTOMCTBA OT KOHTPOJMPYEMOTO CKPEIIUBAHUS
TUTFOCOBBIX JIEPEBbEB COCHBI. VICIBITHIBaETCS MOTOMCTBO 94 cemeil cuOCOB ITIOCOBBIX JIEPEBHEB
B 1-2 MOBTOPHOCTSIX.

[IpoBoauMbIe UCCIEOBaHUS — M3Y4YEHHE pPOCTa, KauyecTBa CTBOJA, OOIIETO COCTOSHUS
THOPUIHBIX CeMel, YCTOMYUBOCTH THOPUTHOTO IIOTOMCTBA COCHBI OOBIKHOBEHHOM K BPEIUTEIISIM
u Oomne3HsM, HeOmarompusaTHbIM (akTopam cpensl. Ha OCHOBaHMM MCTIBITAaHHS BBIJICICHBI
MIEPCIIEKTHBHBIC CEMbH, KOTOPBIE PEKOMEHAYIOTCS IS CO3JIaHUS JICCOCEMEHHBIX U THOPHIHO-
CEMEHHBIX MIaHTalui. ONbITHBIE 0OBEKTHI 3aKIAABIBATICH U B MOCIEAYIONINE TOIBI.

OBJECTS OF PINE SELECTION IN KAZAKHSTAN
Chebotko N.K., Terekhova S.V.
Kazakh Research Institute of Forestry and Agroforestry

The beginning of creation of selection objects of the pine in Kazakhstan is associated
with the years of 1973-1974. In this period there was created the clone bank, where was planted
out vegetative and seed progeny of pairwise selected best and normal trees (51 best trees and 47
normal trees). These trees were selected in 5 habitats of the pine — in Borovoskoy forest massif,
in Vorobiovskiy, Katarkolskiy, Urumkayskiy | and Urumkayskiy Il biotopes.

In 1984-1986, 1989 there were created another 2 clone banks of the best trees, in which
there were presented 82 clones of the best trees and 7 State Institutions of Forestry (SIF) of
Akmola oblast.

Among the purposes of creation of the clone banks there are: conservation and
concentration of the most valuable genotypes of the pine, evaluation by vegetative progeny of
hereditary characteristics of the best trees, selection and the use of clones having prospects for
laying out Forest Seed Orchards of the second order.

The studies conducted in the clone banks include: the study of the periods of the
beginning and completion of vegetation, the peculiarities of flowering and resistance to extreme
weather conditions, pests and diseases; the evaluation of hereditary characteristics of the best
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trees by common and specific combining abilities on the basis of controllable hybridization; the
determination of the type of the system of sexual reproduction, the collection of seeds for laying
out trial cultures.

As a result of the studies there were selected 15 clones by the quickness of the growth,
which were used while laying out the trial cultures of the second generation. There were received
5 sorts of the pine according to their productivity: “Borovskaya Pine-30 (patent for selection
achievement No.106), “Urumkayskaya Pine-38” (patent No.105), “Urumkayskaya Pine-53”
(patent No.107), “Borovskaya Pine-22” (patent No.421), “Borovskaya Pine-44” (patent N0.422)
and 2 sorts according their decorative effect: “Symbatkaragay” (patent No.47) and
“Bulandinskaya Pine” (patent No.48). The sorts were registered in Public register of selection
achievements, admitted to the use in the Republic of Kazakhstan in the years of 2004, 2006,
2011 and 2014.

In 1984, 1986 and 1987 there were created the trial cultures of the progeny of the best
trees of Pinus sylvestris L. of I, 11l, IV generations (the second generation was created in 1985,
but, as a result of introduced errors while planting the trees, it was written off later). The total
area of the planting amounted to 13.66 ha. The aim of the experiment — the test of the seed
progeny of the pine from mutual pollination. There were tested 34 families of half-sibs and 38
families of clones of the best trees in 2-4 replications.

The conducted studies include: the study of the growth, the quality of the trunk, the
general condition of the families, and the resistance of the seed progeny of Pinus sylvestris L. to
pests and diseases, to unfavorable ecological factors. On the basis of the test of the progeny there
were selected 15 families having prospects, which were recommended for organizing the varietal
seed breeding.

In 1986, 1988 and 1989 there were created the trial cultures of hybrid progeny of the best
trees of Pinus sylvestris L. The total area of the planting amounted to 13.66 ha. The aim of the
experiment — the test of the seed progeny from controllable hybridization of the best trees of the
pine. There was tested the progeny of 94 families of half-sibs of the best trees in 1-2 replications.

The conducted studies include: the study of the growth, the quality of the trunk, the
general condition of hybrid families, the resistance of hybrid progeny of Pinus sylvestris L. to
pests and diseases, to unfavorable ecological factors. On the basis of the test there were selected
the families having prospects, which were recommended for creation of forest seed orchards and
hybrid and seed plantations. The test objects were laid out during the ensuing years.

MNPUYUHBI JEOUIUTA YIYUIHIEHHBIX CEMSH AJIA I.IEJIEI71
BOCIIPOU3BOJICTBA JIECOB
Yemonanos A.B., Ceupuaosa M.C., Kseriuc O.I'., Cmoabkuna JI.E.
Ounnan denepanbHOTO OI0HKETHOTO yupexaeHus «Poccuiickuii eHTp 3amuThl Jeca» «LlenTp
3anuThl Jeca Tomckoit obmactuy, Poccust; czI70@yandex.ru

Hecmotpss Ha nHammuue o6bekToB EI'CK mponxyuupyrommx yiaydilleHHbIE CeMeHa B
Tomckoit u KemepoBckoil 00nacTsX MX 3aroToBKa MpakTHUecKu He BeneTcs. OCHOBHBIMHU
MPUYMHAMU SBJISIOTCS:

1. OTcyrcTBUE ccTeMbl PUHAHCUPOBAHUS padOT MO cOOPY YIYUIICHHBIX CEMSIH.

2. OtcyTcTBHE JODKHOTO TEXHUYECKOTO OCHAIIEHUS JUIsl 3arOTOBKH, MEpepabOTKU M
XPaHEHUs CEMSH.

3. YTpadyeH KOHTPOJITb 33 3aTOTOBKOM CEMSIH JICCHBIX PACTCHHM.

OTcyTcTBUE YIYUIIEHHBIX CEMSIH CBHJAETEIbCTBYET O HEI(Y(PEKTUBHOCTH JIECHOTO
ceMeHoBo/IcTBa B ToMmckoii u KemepoBckoii o0macTsx.
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THE REASONS OF DEFICIENCY OF THE IMPROVED SEEDS FOR
REPRODUCTION OF THE WOODS
Chemodanov A.V., Sviridova M., Kveglis O.G., Smolkina D.

Despite of existence of objects of Objects of United genetics and breeding complex
producing the improved seeds in Tomsk and Kemerovo areas their preparation practically isn't
produced. The main reasons are:

1. Lack of financing system of works on collecting the improved seeds.

2. Lack of a due hardware for preparation, processing and storage of seeds.

3. Control of preparation of seeds of forest plants is lost.

Lack of the improved seeds testifies to an inefficiency of forest seed farming in Tomsk and
Kemerovo areas.

IJIFOCOBASA 1 NONYJAINUOHHAS CEJEKIUSA IPEBECHBIX ITIOPO/
Yepuoayoos A.H.
BopoHexckas rocyaapcTBeHHas J€COTEXHUYECKas akajaemusi, Poccus;
e-mail:leskulvglta@gmail.com

OCHOBOII0JIO)KHUKOM «IIJIKOCOBOW» UM UHIMBHUIyadbHON CEIEKIMU SBISETCS IIBECKUI
necoBoa-cenekuuonep b. Jlunaksuct (Lindguist, 1948), kortopblii pa3paboTall OCHOBHBIC
HOPUHIUIBI CEJEKIMU MO BHEIIHUM (EHOTHIIMYECKUM IpU3HAKaM, Haubosee AOCTYIHBIM NpHU
MHBEHTapU3allii €CTECTBEHHBIX JAPEBOCTOEB U HaOOJIee MPOCTHIE JIJIs1 BOCIPOU3BOACTBA UX MPU
CO3J1aHUM JecoceMeHHbIX 00bekTOB. Ha ocHoBe 31Ol cxembl ¢ 60-x ronoB XX Beka BeleTcs
dbopMHUpOBaHHE TOCTOSHHOM JiecoceMeHHOM ©0a3bl Poccumn. OpHako pe3ysiabTaThl OIEHKH
IUTIOCOBBIX ~ JIEPEBbEB 110 INOTOMCTBY B  HCHBITATEIbHBIX  KYJIbTypaX  IOKa3bIBAalOT
HEYIOBJIETBOpUTENbHBIC pe3ynbTarhl (Bumskun, 2008, 2009). Tak B KupoBckoii o6iactu uncio
IUTIOCOBBIX  JIEPEBbEB MOATBEPAMBIIMX CBOM BBIJAIOIIMECS KayecTBa B HCIBITATENIbHBIX
KyJBTypax Mo COCHE OOBIKHOBEHHOH cocTaBiseT 2.1 % u3 97 cemei, enu 4.2 % ot 95 cemeit. K
HE/I0CTAaTKaM 3TOM CUCTEMBI CEJIEKIIUN OTHOCSATCS:

- TPYZAHOCTB OLIEHKH T€HOTHUIIA JIepeBa M0 BHEIIHUM (()EHOTUITHUECKUM ) TIPU3HAKAM;

- HU3Kas HacllelyeMOCTb ITPU3HAKOB MPOAYKTUBHOCTH;

- CHIKEHHE TEHETHMYECKOro pa3sHooOpa3usi HacaXJEeHUH U3-3a OrPaHUYEHHOI'O
KOJINYEeCTBA T€HOTUIOB yyacTByronMx B popmupoBanuu [1JICh;

- HEOOXOAMMOCTD U JUTUTEIILHOCTH OLIEHKH T€HOTHUIIOB B UCIIBITATENBHBIX KYJIbTYPaX;

- o0ecnieuenue n3oAnuu 00nekToB [1JICH oT 3aHOCA MBUILLIBI U T.[I.

B ckaHIuMHABCKMX CTpaHaxX 3TO HaIpaBJIEHUWE IIHPOKO HCIOJB3YETCSI U JAeT XOpoIlne
pe3yJbTaTHI.

Oto xe HanpasineHue npumensiercs B [lonbiie, benopyccuu, rae 3akynuinm TEXHOJIOTHH,
oOopynoBanue, MexaHusMmbl. IlIBenus 3akymaer ceMeHa €M €BpONEHCKOH BUTEOCKOro
knuMmaTuna B benmopyccuu 1uisi BeIpallluBaHusl KyJbTyp, T.K. OHU 00sagatoT Oosiee BBICOKMMHU
MIOCEBHBIMU KAa4e€CTBaMH, YEM MECTHBIE TIPOHCXOXKICHUSI.

B Poccun, ni1s momyyeHust ceMsiH BBICOKOTO KadecTBa, TaK K€ 3aKJIaJbIBAIOT KIOHOBBIE
JIeCOCEeMEHHbIE IIAHTALMU COCHBI CEBEPHBIX KIIMMATUIIOB (apXaHrelIbCKUE, MypMaHCKHE U JIp.) B
Oosee 10KHBIX pailoHax — B HikeropoJickoit 061act, 4To odecrneynBaeT Jyylliue YCIOBUS AJIs
onbuUieHUs U popMHUpoBaHuA muIIek, cemsH (HakBacuna, benpunkas, 1999).

Bropoe HampaBieHne — 3TO NONMYJSIMMOHHAS CeJIeKIHS, KOTOpas MOoJpa3yMeBaeT
OPOAYKTUBHOCTh M YCTOWYMBOCTH JIYYLIMX MECTHBIX MOMYJIALMNA HAa OCHOBE MOIMYJSIMOHHO-
HKOJIOTMYECKUX KyJIbTyp. JlOCTOMHCTBOM JaHHOTO HaIlpaBJICEHUs SBIISETCS COXpPAaHEHHE U
UCIIOJIb30BaHUE T€HETHYECKOI0 Pa3sHOOOpa3usi MPUPOIHBIX MOMYJISAIMHA, KOTOpHIE COYETAIOT B
cebe cooOIIecTBO TEHOTUTIOB C Pa3IUYHOM peakiuel Ha okpyxarrryo cpeny ([loteutes, 1997;
Edumos, 2008).

[Ipu 3TOM OTMEUaroTCs ClaenyIoIIe TPYIHOCTH:
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- TPYAOEMKOCTh 3arOTOBKM CEMSIH C BBICOKUX JIEPEBBEB JUIS 3aKJIAJKU MOMYISIIUOHHO-
9KOJIOTUYECKUX KYIBTYP;

- OoJiee HU3KUI CeNEKIIMOHHBINA AP PeKT;

- CJIO)KHOCTPH B BOCIIPOM3BOJICTBE T€HOTUITMYECKOTO COCTaBA KOHKPETHOH MOMYJISAIINY.

Tperbe HampaBiieHHE — 3TO COYeTaHHe IUIIOCOBOI M TMOMYJIALMOHHON CeJIeKIHH B
3aBUCUMOCTH OT KOHKPETHBIX 3aJ/1a4, TIOCTABJICHHBIX IEpe]] MPOU3BOACTBOM. Tak MpH 3aKiajKe
IUIAHTAIlMOHHBIX ~ KYJIBTYp Ppas3IUYHBIX HampaBleHUH OoTOOp, BO3MOXHO, BECTH Ha
WH/IMBUYaIbHOM YPOBHE, a TpPU BOCIPOW3BOJCTBE IPEBOCTOCB (JIECOBO30OHOBIICHHH) B
TaeXHOU 30He, necax Cubupu, lansHero Bocroka Ha momynsiimoHHOM ypoBHe (UepHomy0oB,

2009).

PLUS TREE AND POPULATION SELECTION IN TREE SPECIES
Chernodubov A.l.
Voronezh State Academy of Forestry and Technologies, Russia; e-mail: leskulvglta@gmail.com

The founder of “plus” tree or individual selection is a Swedish forester breeder B.
Lindquist (Lindguist, 1948), who developed the basic principles of selection for external
phenotypic characteristics, the most affordable in the inventory of natural forest stands and the
most simple to reproduce them in creating forest seed sites. On the basis of this scheme with the
60s of the twentieth century being the formation of permanent seed Russia. However, the results
of the evaluation of plus trees progeny in test cultures showed unsatisfactory results (Vidyakin,
2008, 2009). So in the Kirov region number of plus trees have confirmed their outstanding
quality in test cultures Scots pine is 2.1% of the 97 families who ate 4.2% of the 95 families. The
disadvantages of this system include the selection:

- The difficulty of assessing the genotype of a tree outside (phenotypic) characteristics;

- Low heritability traits productivity;

- Reduction of the genetic diversity of plants due to the limited number of genotypes
involved in the formation PLSB;

- The need for and duration of the evaluation of genotypes in test cultures;

- Provision of isolation facilities PLSB from bringing pollen, etc.

In the Nordic countries, this trend is widely used and gives good results.

The same trend applies in Poland, Belarus, where purchased technology, equipment,
machinery. Sweden buys seeds spruce Climatype Vitebsk in Belarus for growing crops, as They
possess higher seeding qualities than the local origin.

In Russia, for high quality seeds, as well lay the clonal seed orchards of northern pine
climatypes (Arkhangelsk, Murmansk and others.) In more southern areas - in the Nizhny
Novgorod region, which provides the best conditions for pollination and the formation of cones,
seeds (Nakvasina, Bedritskiy, 1999).

The second direction — a breeding population, which means the productivity and
sustainability of the best local populations on the basis of population and environmental cultures.
The advantage of this trend is the conservation and use of genetic diversity in natural
populations, which combine community genotypes with different responses to the environment
(Potylev, 1997; Efimov, 2008).

It was noted the following problems:

- The complexity of the workpiece with high seed trees to lay population-ecological
farming;

- Lower breeding effect;

- Difficulty in reproducing specific genotypic population.

The third area — a combination of plus tree selection and population according to the
specific tasks assigned to production. So when placing plantation crops of different directions
selection may lead to the individual level, and at the reproduction stands (reforestation) in the
taiga zone, the forests of Siberia and the Far East at the population level (Chernodubov, 2009).
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MEXKKJIOHOBASI UBMEHYUBOCTD PINUS SYLVESTRIS L. 1O
AHTUMUKPOBHOM AKTUBHOCTH: NEPCIEKTUBBI OTEOPA
YunasieBa .JI.H.l, Hp10yas H.Bl, TapakaHoB B.B.?
1L[eHTpanLHLII71 cubupckuii 6orannueckuii cagx CO PAH, HoBocubupck, Poccust
23aHal[HO-CI/I6I/IpCKI/II71 ¢wmman Uucruryra neca CO PAH, HoBocubupck, Poccust
Inikch@yandex.ru; tarh012@mail.ru

OO01Ien3BecTHO, YTO XBOMHBIE JIeCOOOpa3ylollde BUIbl OTJIWYAIOTCS  BBICOKOI
(GUTOHIMTHOW aKTUBHOCTHIO. OJTHAKO TeHETHYECKask FeTePOreHHOCTh U MEPCIEKTUBBI X 0TOOpa
Ha TOBBIICHUE YPOBHS aHTUMHUKPOOHOI aKTUBHOCTH MPAKTHUYECKU HE H3y4YEHBI. Y TOOHBIMU
00BEKTaMu I TaKOI'0 POJa UCCIICIOBAHUN SIBJISIOTCSI KJIOHOBBIE IIJIAHTALIMK PA3JIMYHbIX BUJIOB,
CO3JIaHHBIE TMpPU peaqu3aldyd OpOorpaMM IO JIECHOMY CEJIEKIIMOHHOMY CEMEHOBOJCTBY, B
4acTHOCTH — JiecoceMenHble TuianTaruu (JICIT) cocHbl 0OBIKHOBEHHOW B AJNTaliCKOM Kpae.

KauecTBeHHYI0 OLIEHKY AHTUMHUKPOOHOW AaKTHBHOCTH JIETYYUX COEIUWHEHUI XBOU
ocymiecTBIsiM Ha 7 KioHax cocHbl (Pinus sylvestris), mpomspacraromux na JICIT 1988 .
3aknaaku B O3epckoM JecHuyecTBe AnTaiickoro kpas [TapakanoB u ap., 2001]. Kionsl
ABJIIOTCS BET€TaTMBHBIMU MOTOMKAaMHU IUIFOCOBBIX JI€PEBHEB, OTOOPAHHBIX HA MHTEHCUBHOCTH
pocTa W KauecTBO CTBOJOBOM JpeBecuHbl B Bepxue-OOckoM JiecoceMEeHHOM paiioHe
[JlecocemenHoe paitonupoBanue, 1982]. HccnepoBaHusi MpOBOAWIMCH C HCIOIb30BAHHEM
METOJIUKH «OTapEHHs» JETYYUMH BBIICICHUSIMH XBOU IITPUXOBBIX [MOCEBOB MUKPOOHBIX TECT-
kynbTyp [UpiOymsa, 2001; bakynmun u gp., 2010]. Tecr-muxpoOaMu CIIyKWIH TpaMM-
nojoxureabHpie  Gaktepun Staphyllococcus epidermidis, rpamm-orpunartenbHble OaKTEPUH
Escherichia coli u apoxoxkenomnoousie rpuds Candida albicans. Ornenka aHTHMHKPOOHOTO
NEHCTBUS JIETYYUX BBIICTICHUI COCHBI MPOBOJAWJIACH B CPaBHEHHHM C KOHTPOJIEM IO IIIKaJe
(buTOHIIUTHOW aKTUBHOCTH B Oamiax ot 0 (orcyrcrBue 3¢ dexra) 10 4 (cribHbIH 3D dekT).

Jleryune coequnenust xBou Pinus sylvestris mposiBiiIM yMEepeHHY0 aKTHUBHOCTh KO BCEM
UCIBITAHHBIM ~ MHUKpPOOHBIM  TecT-oObekTaM. Ilpm 3TOoM peakuus pa3iIUyYHBIX  BHUJOB
MUKPOOPTraHU3MOB Ha BO3/ICHCTBUE JIETYUYUX COEAMHEHUN UCIBITHIBAEMBIX KJIOHOB OTJINYAJIACH.
MakcumManbHas aHTUMHKPOOHas aKTUBHOCTb HaOMroAanach y KioHa 279 1Mo OTHOUIEHHMIO K
ctaduiokokky (3.0 6anna), y kiaoHa 269 — k kumeuHoi nanouke (2.3), y kioHa 204 — k rpubam
kanauaa (3.0). OOmwmii ypoBeHb (PUTOHIIMIHOM aKTUBHOCTH KJIOHOB, OILIEHMBAE€MbIH 110 CyMMeE
6asu10B, BapbHpoBai oT 2.6 y kioHa 510 10 6.0 y kiona 204.

Ha ocHOBaHMM MOJY4YEHHBIX JAHHBIX CJI€JaH BBIBOJ O CYIIECTBEHHOH T€HETHYECKOMN
U3MEHYMBOCTH COCHBI M TIEPCHEKTHBHOCTH €€ OTOOpa /s BBIBEIEHUS COPTOB-KIOHOB C
BBIIAIOIMMUCS  (PUTOHLMIHBIMM CBOMCTBAMH, KOTOpbIE MOTIYT HAaWTH TNpPUMEHEHHE B
03€JICHEHUH HACeJCHHBIX IYHKTOB M B MeIulMHe. B mpezacrosimume roisl 1enecoodpasHo
IIPOBECTU KOJMYECTBEHHBIE MCCIIEI0BAHUS aHTUMUKPOOHOM aKTMBHOCTU MOMYJSLUN U KIOHOB
COCHBI C IIPUBJIEUYEHUEM HUX W3 PA3IMYHBIX YacCTeW apeajla U BOBJIICUYEHHUEM B JKCIEPUMEHT
BO3MO>KHO OOJIBILIETO YKCIIa BUI0B MUKPOOHBIX TECT-00BEKTOB.

JIureparypa

bakynun B.T., Uunnsesa JI.H., Lpi0yns H.B. AnTuMukpoOHass aKTUBHOCTH JIHCTHEB
tornoneii u uB (Salicaceae) B Cubupwu // [IpoGnemsl pernonanbHoi sxonoruu, Ne 6, 2010. C. 60-
64.

JlecocemMeHHOE paliOHUPOBAHUE OCHOBHBIX JecoobOpasyrommx mopog B CCCP. M.:
Jlecnas mpom-cTh, 1982. 368 c.

Tapakanos B.B., [lemunenko B.I1., Mmyrun S.H., bBymkos H.T. Cenexunonnoe
CEMEHOBOJICTBO COCHBI 00bIKHOBeHHOM B Cubmnpu. HoBocubupcek: Hayka, 2001. 230 c.

[{p16ynst H.B. Metoauka omnpenesneHust GUTOHIMIHOW aKTUBHOCTH MHTAKTHBIX PACTCHUN
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INTERCLONAL VARIATION OF PINUS SYLVESTRIS L. IN ANTIMICROBIC
ACTIVITY: PROMISES OF SELECTION
Chindyaeva L.N.}, Tsybulya N.V.}, Tarakanov V.V.2
!Central Siberian Botanical Garden, Siberian Branch of Russian Academy of Sciences,
Novosibirsk, Russia
®West-Siberian Branch of the Institute of Forest, Siberian Branch of Russian Academy of
Sciences, Novosibirsk, Russia

Coniferous forest-forming species are universally known to be characterized by high
phytoncidal activity. However, genetic heterogeneity and promises of their selection for a rise in
the level of antimicrobic activity are not practically understood. Clonal plantations of various
species represent convenient objects for such a study. They were created according to the
programs on forest breeding seed production, e.g., forest seed plantations (FSP) of Pinus
sylvestris in the Altai Krai.

A qualitative assessment of antimicrobic activity of needle volatile emissions was
performed on 7 Pinus sylvestris clones growing on FSP laid out in Ozersky forest district, the
Altai Krai in 1988 (Tarakanov et al., 2001). The clones were vegetative descendants of the plus-
trees selected for growth intensity and stemwood quality in the Upper Ob forest seed region
(Forest seed subdivision, 1982). In the course of research, streak inoculation of microbic test-
cultures was treated with volatile emissions of needle (Tsybulya, 2001; Bakulin et al., 2010).
Gram-positive bacteria Staphyllococcus epidermidis, gramm-negative bacteria Escherichia coli
and yeast-like fungi Candida albicans were test-microbes. Antimicrobic effect of pine volatile
emissions was assessed in comparison with the control on a 0 (absence of the effect) — 4 (strong
effect) scale of phytoncidal activity.

Volatile compounds of Pinus sylvestris needle were moderately active to all the microbic
test-objects tested. The reaction of various microorganism species to the effect of volatile
compounds of the tested clones was therewith different. The maximum antimicrobic activity was
observed in clone 279 with reference to staphylococcus (point 3.0), clone 269 — to coliform
bacterium (2.3), and clone 204 — to Candida fungi (3.0). The general level of clone phytoncid
activity by the sum of points varied from 2.6 in clone 510 to 6.0 in clone 204.

Based on the data obtained the conclusion on substantial genetic variation of Pinus
sylvestris and promises of selection for development of cultivar-clones with distinguished
phytoncidal characters was reached. Such plants may be used in urban stands and in medicine. In
the future it makes sense to carry out a quantitative study of antimicrobic activity of pine
populations and clones from various parts of the area and to perform an experiment with greater
number of different microbic test-objects.
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N3MEHYUBOCTH MUKPOCATEJUVIMHBIX JIOKYCOB B CMEXHbBIX
BOJIOTHBIX U CYXOJIOJIBHBIX MONYJIALMUAX COCHBI OBBIKHOBEHHOM
(PINUS SYLVESTRIS L.) B PECIIYBJIUKHA MAPHM 2.1
Hleiikuna O.B., 'maakxos 10.®., YH:xennna O.B.

IToBoKCKMI TOCYAAPCTBEHHBIM TEXHOJIOIMYECKUI yHUBEpCcUTeT, Poccny;
sheikina_olga@yahoo.com

N3ydyenne mnomynsiiMOHHO-XOPOJIOTUYECKON CTPYKTYpPhl JIPEBECHBIX BHJIOB SBISIETCA
(byHaaMeHTalTbHOW OCHOBOM pa3pabOTKU CTpaTeruu coxpaHeHus reHodonma. OgHuM U3
aKTyaJIbHBIX BOIIPOCOB MPH HCCIEAOBAHUU MOMYJSIUOHHON CTPYKTYpPBhl COCHBI OOBIKHOBEHHOI
SBIISICTCS OLIEHKA CTENEeHH T'€HETHYECKOW 000COOICHHOCTH MOMYJSIHid, cOopMHUPOBAHHBIX B
pa3IMYHBIX MOYBEHHO-IKOJIOTMYECKUX YclIoBUsX. Llenpro Hamiero uccienoBaHus SBISIOCH
U3y4eHHE TEeHETUYEeCKON W3MEHYMBOCTH H JU(QEepeHInaiud CMEXHBIX OOJOTHOW U
CYXOJIOJIbHOM TMOMYJSIUI COCHBl OOBIKHOBEHHOM C HCIIOJIb30BaHUEM MHUKPOCATEIUTHBIX
MapkepoB. VI3ydeHHbIE MOMYISLMU paACIoNaraloTcs B CMEXKHBIX BbIeTax 17 KBaprana
CrapoXuibckoro y4actkoBoro jecHuuectBa [Ipuropognoro necaudectsa Pecnybonuku Mapuit
On. B kax/10M HacaKAeHUH ObLIU B3ATbI 00pa3iibl ApeBecuHbl ¢ 30 ciydyallHbIX JepEBbEB.

Jlia uccnenoBaHui OBLUTH MCIOJB30BAaHBI MATh Map MHUKPOCATEIUIUTHBIX MpaiMepoB —
Lopl, Lop3, PtTX3107, PtTX2106, Psyll7. ITonumepa3HO-IETIHYIO PEAKIUIO BBIOIHSIIA Ha
ammndukatope CFX96 Real-Time System (Bio — Rad) ¢ ucnonb3oBaHHeM KOMMEPYECKOTO
Habopa peaktuBoB «Encyclo PCR kit» (Evrogen, Poccust): TILIP 6ydep — 1,5 mxi, dNTPs — 0,3
Mk, Tag-nonumepasa — 0,3 Mk, npaiimep mo 0,2 MK KaKI0ro, TMOHU3UpoBaHHas Boga — 11,5
MmkJi, JIHK marpuna 1,0 mxn. Temneparypa omxura npaiiMepoB coctasiisiia aius Lopl — 61°C,
Lop3 — 55°C, PtTX3107 — 50°C, PtTX2106 — 62°C, Psyll7 — 55°C. Pa3mepsl amneneit
OIpe/e/sUTNCh Ha reHetrueckoMm ananuzatope ABIPRISM Genetic Analyser 3100. Ananu3
JAHHBIX TPOBOAMIICA C KCIOJAb30BaHKMEeM mporpamMmel Gene Marker v 2.2.0. Pacuer
TeHETHYECKUX MapaMeTPOB BhIMOJHEH B nporpamme GenAlEX6.

bouto BbIsSIBIEHO, YTO OONOTHAsl TOMYISALMSA OTIMYaeTcsl Oojee BBICOKUM YPOBHEM
TEHETUYECKOTO pa3HOOOpa3us MO CPAaBHEHHMIO C CyXOJ0JbHOH. Tak, B OOJOTHOW MOMYJISIIUN
ObLI0 0OHapy)eHO 36 BapuaHTOB ajuieNieil IJs MATH MUKPOCATEIUITUTHBIX JIOKYCOB, B TO BpeMs
KaKk B CyXoJoJIbHOM — 32. 3HadyeHMs] IOKa3zaTelel, XapaKTepU3YIOLIUX T'€HETUYECKYIO
M3MEHUYUBOCTh TaKXKe OBLIN BbINIE /Il OOJOTHOW MOMYINSALUU: CpeHEe KOJTMUECTBO aiienei Ha
nokyc (Nz) B OomoTHO¥W momynsiiuu coctaBwin 6,677 mnpotuB 6,400 B CyXOHOJBHOM;
s dexrusHoe uncno amienei (Ng) — 1,432 npotus 1,376; nabdnromaemas retepo3urotHocts (Ho)
— 0,604 mpotus 0,579; oxumaemas rerepo3urotHocTh (He) — 0,667 mpotus 0,656. [Ipu sTOoM
YHUCIO HEepeAKHX aienel ¢ vacTtoroil BcTpeuaemocTH Oosee 5% Ons oboux momynsuuit
coctraBuia 4,400. TecT cOOTBETCTBUSI TEHOTHUIIOB pactipesiesiennio Xapau-BaitnOepra mokasan,
YTO B CYXOJOJBbHOHM MOMYJSLUU HaOM0JaeTcss U30bITOK TeTepo3uroT B jokyce LOp3 (uHaekc
¢ukcaiiiuu Paiita F= - 0,147) u cymecTBeHHbIH AeduuT retepo3uroT B okycax Lopl (F= +
0,195) u Psy117 (F=+ 0,333). /Iyist 00JI0THOM MOMYJISIIIMKA 3HAYUTEIbHBIN AeOUIIUT TETEPO3UTOT
ObLT ycTaHOBJICH JuTs JIoKyca PtTX2106 (F= + 0,319).

Pesynbrathl F-craTricTky nmoka3aim, uto BeauuuHa Fis cocraBuna B cpearem 0,083, uto
yKa3bpIBaeT 4To 8,3% MeUIUT reTepOo3UTOTHBIX JIEPEBhEB B KaXIOH IMOMYJISAIUN 110 CPAaBHESHUIO
¢ TeopeTudecku oxumaembiM. [lokazatens moapazaenéHHoi momynsiuit (Fs) BappupyeT amns
passbix jokycoB ot 0,002 (Lopl) mo 0,021 (PtTX3107 u Psyll7) u B cpemHeM cocTaBiseT
0,012. Takum o6pazom, ToabKko 1,2 % OT 001Ieli reHeTHUECKON U3MEHUNBOCTH PACIIPENCTISETCS
MEXy HWCCIICOBAaHHBIMU TOMYJSIMSIMHA COCHBI OOBIKHOBEHHOH. OcTaibHasi H3MEHUYHMBOCTh
peanu3yeTcsi BHYTPH MOMYJISIUH.
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JTHK-TUATHOCTHUKA I'PUBHBIX BOJIE3HEHN B JIECHBIX IMTOMHHUKAX
KPACHOSAPCKOI'O KPAS
MMunkuna E.A., Paznopoxunas T.1O., lllennep M.A.
OGunuan ObY «Pocnecozamuray — «llentp 3ammThl 1eca KpacHosipckoro kpasi», Poccus;
krasgenles@mail.ru

['pubHbICc 0OJNIE3HU SBISIOTCS OJHOM WX OCHOBHBIX NPUYMH oOchalleHuss W rudenn
CESIHIICB XBOWHBIX IOPOJI B JICCHBIX MUTOMHHUKAX KpacHospckoro kpas. Baxknoe 3HaueHne nmeer
paHHsASA JUarHOCTHKA Bo30ynuTeneil 0one3Heil, OHUM U3 HaJIeKHBIX CIOCOOOB KOTOPOH CITYKHUT
JHK-ananus.

C UCIIOJIb30BaHHEM MOJICKYJISIPHO-TCHETHYECKUX METOJIOB poBeCHA
duronaronornyeckas ornecHka 1-4 nmeraumx cesaueB Pinus sylvestris L., P. sibirica Du Tour,
Picea obovata Ldb., orobpannbix B 18 nuromuukax KpacHosipckoro kpasi, o0meil miommano
388 ra. B xone u3ydeHust oOpa3oB MOPaKEHHBIX PACTCHUI OBUTH MICHTU(HUINPOBAHBI BHIIbI
NaTOreHHBIX M YCJIOBHO-NATOrCHHBIX TpuOOB 9 pomos: Phoma, Alternaria, Cladosporium,
Rhizoctonia, Lophodermium, Phacidium, Sydowia, Typhula, Botrytis. B cpeasem matorenHas
MUKpOQuIOpa B Ka)XJ0OM U3 I[HMTOMHUKOB Oblla MpejicTaBiieHa 2-4 pa3HOBUIHOCTAMU
MHKPOMHIIETOB.

Ha cesnumax P. sibirica BeisBiensl mpencraButenu pojaos: Phoma, Lophodermium,
Sydowia. Ha pacrenusix emu CHOMPCKOI B HAUOOJIBIIEM YHCIIE H30JISITOB OOHAPYKEHBI IATOT€HbI
p. Phoma, equanuno — mukpomunetsl p. Alternaria, Phacidium u Cladosporium. IMarorennas
MHKpPO(]II0pa OOJIBHBIX CESHIEB COCHBI OOBIKHOBEHHOH Oblila IIPE/ICTAaBIICHA, TIIaBHBIM 00pa3oM,
rpubamu p. Phoma, Lophodermium (momuHmpyroIue, ¢ pa3inyHON YaCTOTOW BCTPEYAEMOCTH),
a taxke ¢uronarorenamu Cladosporium, Typhula, Rhizoctonia, Alternaria u eaMHUYHBIME
npezacraButensmu p. Sydowia u Botrytis.

dutonarorensl poga Phoma umeroT camplii IIMPOKHIA AUAMTAa30H PACTEHUIH-X035€B CPE/IH
XBOMHBIX MOPOJ, BBIPAIIMBAEMBIX B HACTOSINEe BpeMsi B MUTOMHHKax KpacHOsSpckoro kpas:
BCTPEUAIOTCS HAa BCEX TpPEX aHAIM3UPYEMBIX IOpOJax pas3HbIX BO3pacToB. Mx wdacToTa
BCcTpeuaeMocTu coctaBuia 47% oT BceX WACHTU(ULIMPOBAHHBIX U30JIATOB NMaTOT€HHBIX IPHOOB,
B TO BpeMs Kak [uisi MHKpomuieToB p. Lophodermium sror nokasarens Obi1 paBeH 26%, mis
pomos Alternaria, Cladosporium u Typhula we npessiman 10%, a7t OCTaTIbHBIX H30JSTOB — OT 1
10 3%.

W3 18 aHanm3upyeMblX THTOMHUKOB TpuObl poma Phoma Bcrpewatorcs B 12, p.
Lophodermium — B 9, p. Cladosporium — B 5, p. Alternaria — B 4, p. Sydowia — B 3 nuTOMHHKaX,
u3oisThl pojoB Rhizoctonia u Typhula ormeuens! B 2 mutomHumKkax, poast Phacidium, Botrytis —
€IMHIYHO.

MonekynspHO-TEHETUYECKUE  METOJbl  MO3BOJIMJIA  CAEJAaTh  HPEANOJIOKEHUE O
BO3MOXKHOU JJOMHHUPYIOIIEH POJIM B MATOTEHE3E CESHIIEB TPHOOB, paHee HE BHIIBUTABIIUXCS HA
NIePBBIH TUIAH B M3YYSHHUH YKa3aHHOTO Tpoliecca — npeacraButesei p. Phoma, a Takke npuHSTH
BO BHHMMaHHME NpUCYTCTBUE ¢uromaTtoreHoB ponoB Typhula u Sydowia, kpaitne crnabo
U3yYCHHBIX IPUMEHUTEIBHO K MATOr€HHOH MUKPOQIIOpe MUTOMHUKOB CHOUPH.

B nenom npocmatpuBaercst npucyTcTBue rpuboB Phoma y pacteHuii Bcex BO3pacToB, ¢
TCHJICHIIUCH yBEIWYCHUS K 3-4-IeTHEMy BO3pacTy B CpPaBHEHHH C 1-2-JICTHUMH CESIHIIAMH.
AnHanoruyHas JMHAMHKa XapaKTepHa 3a00JIEBaHUSM THNA INIOTTE, a TaKKE OTMEYCHO
yBEJIMUYCHUE BCTPEYAEMOCTH C YBEJIMUYCHHEM Bo3pacta pacteHuid s p. Sydowia u Typhula.
Kianocnopuno3s yamie orMedaercst Ha OONBHBIX cesHIax 1-2 roja ®u3HHU, y 3-4-JIETHUX PacTeHUH
€ro 4YacToTa BCTPEYAEMOCTH HEMHOTO CHH)KACTCs, a albTepPHAPHO3 OCTACTCS Ha TMPESKHEM
ypoBHe. TakuM 00pa3oM, Ha OCHOBE IOJYYCHHBIX IaHHBIX T'€HETHYECKOTO aHaJIH3a MOXKHO
IPE/INOJI0KHUTh, YTO OCHOBHBIC OOJIE3HH MEPBOTO-BTOPOTO T'0O/la KU3HHU CESIHIIEB B MUTOMHUKAX
KpacHosipckoro kpas — (omM03 M KIaJ0CIOPHO3, TPEThEro-4eTBEpTOoro roga — (GomMo3 u
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Hacrosee nnorre. [Ipopunaktuka ykazaHHbIX 3a001€BaHui TpeOyeT MPUCTAILHOTO BHUMAHUS
CO CTOPOHBI IPAKTHKOB JIECCHOTO MTUTOMHUYECKOTO X035 CTBA.

DNA-DIAGNOSTICS OF FUNGAL DISEASES IN FOREST NURSERIES IN
KRASNOYARSK REGION
Shilkina E.A., Razdorozhnay T.Yu., Sheller M.A.
Centre of Forest Protection, Krasnoyarsk, Russia; krasgenles@mail.ru

Fungal diseases are one of the main reasons of weakening and death of coniferous
seedlings in forest nurseries of the Krasnoyarsk region. The early diagnosis of pathogens is of
great importance, one of the reliable ways of which is DNA analysis.

The phytopathological examination of 1-4 year old seedlings of Pinus sylvestris L., P.
sibirica Du Tour, Picea obovata Ldb., collected from 18 nurseries of the Krasnoyarsk region
with a total area of 388 ha was carried out by using molecular genetic techniques. In the study of
infected plants the species of pathogenic and conditionally pathogenic fungi of 9 genera were
identified: Phoma, Alternaria, Cladosporium, Rhizoctonia, Lophodermium, Phacidium, Sydowia,
Typhula, Botrytis. On average, a pathogenic microflora in each of the nurseries was represented
by 2-4 species of micromycetes.

Phoma sp., Lophodermium sp. and Sydowia sp. were identified on the seedlings of P.
sibirica. The pathogens of Phoma sp. were detected in the greatest number of isolates on
Siberian spruce, and a single occurrence of micromycetes Alternaria sp., Phacidium sp. and
Cladosporium sp.. A pathogenic microflora of infected seedlings of Scots pine was represented
mainly by Phoma sp., Lophodermium sp. (dominant, with different frequency of occurrence), as
well as pathogens Cladosporium, Typhula, Rhizoctonia, Alternaria and individual
representatives of Sydowia sp. and Botrytis sp.

The phytopathogens of Phoma sp. have the widest range of host plants among conifers
which are currently grown in the nurseries of the Krasnoyarsk region, they are met in all three
analyzed species of different ages. Their frequency of occurrence was 47% of all identified
isolates of pathogenic fungi, while for micromycetes Lophodermium sp. this indicator was equal
to 26%, for Alternaria sp., Cladosporium sp. and Typhula sp. not exceed 10%, for the other
isolates from 1 to 3%.

Of the 18 examined nurseries the fungi of the genus Phoma occur in 12, Lophodermium
sp. in 9, Cladosporium sp. in 5, Alternaria sp. in 4, Sydowia sp. in 3 nurseries, isolates of the
genera Rhizoctonia and Typhula were detected in 2 nurseries, Phacidium sp., Botrytis sp. — a
single occurrence.

Molecular genetic techniques have led to the suggestion of a possible dominant role in
the pathogenesis of seedlings of Phoma sp. representatives which have not been previously
highlighted in the study of this process, and also take into account the presence of
phytopathogens Typhula sp. and Sydowia sp., very poorly studied in relation to pathogenic
microflora of nurseries in Siberia.

In general, there is a clear presence of fungi Phoma in plants of all ages, with an
increasing tendency to 3-4 years of age in comparison with 1-2 year old seedlings. Similar trend
is typical for Lophodermium sp. diseases, and it has also been noted an increase in the
occurrence with raising plants age for Sydowia sp. and Typhula sp.. Cladosporiosis is often
marked on infected 1-2 year seedlings, its frequency of occurrence is slightly reduced for 3-4-
year-old plants, but blackspot remains at the same level. Thus, based on the data of genetic
analysis, it can be assumed that the major diseases of the 1-2 year old seedlings in nurseries of
Krasnoyarsk region are Phomosis and Cladosporiosis, for 3-4 years old seedlings are Phomosis
and Lophodermium needlecast. Prevention of these diseases requires close attention from the
practitioners of forest nursery management.
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COXPAHEHUME I'EHO®OH/JIA U OB BEKTbBI EJIUHOI'O 'EHETHUKO-
CEJIEKHHOHHOTI'O KOMIIVIEKCA IYBA YEPEINIYATOI'O B IEHTPAJIBHOM
YEPHO3EMbBE
HIupuun B.K., KpokoBa C.A.

OI'BY «BcepoccHiiCKkuii HAy4HO-UCCIIEN0BATEIbCKUI HHCTUTYT JIECHOM I€HETUKH, CEJIEKIIUU U
ounorexHoorum», Poccus; ilgis@lesgen.vrn.ru

JlyOpaBbl SBISIOTCS HanOoJiee CIOKHBIMHU JIECHBIMU SKOCHCTEMAMH, PACIIONOKEHHBIE B
I'yCTOHACEJIEHHOW 4acTu Pycckol paBHUHBI U BBIINOJHSIOIINE 3[1€Ch BaKHbBIE CPEIO3AIIUTHBIE U
necocbipbeBble  (yHKIMH. OHM M3/aBHA [IO/IBEPralOTCsl YCUICHHOMY AaHTPOIOICHHOMY
JABJICHUIO M BO3JCHCTBUIO IPOMBIIIJICHHBIX TOKCHKAHTOB. B pesynbrare 3TOro Iuiomanu
nyopas 3a mocnenuue 300 jer cokpatwiauck B 2-3 pasa, a reHOQOH] MX CHJIBHO UCTOIICH U
nojBepraercsi 3po3uu. HecMoTpss Ha CyIIeCTBEHHBIE HaydHbIe Pa3pabdOTKM B MPOIUIOM B
00J1aCTH JIECOBOCCTAHOBJIEHUSI yOpaB, HBIHE S3TOT IPOLECC MPOTEKAET OUYEHb CIIOXHO U
npotuBopeunBo.  HalOpaBmme B mpouuioM  HEraTWBHblE  TEHAEGHUMM B objacTu
JIECOBOCCTAHOBJICHUSI HE MPEOJ0JIEHbl 10 cux nop. Ecin Ha mepBoM 3Tamne IiiaBHbIE NPUYUHBI
Heyaad ObUIM CBSI3aHBI CO CIA0BIMU 3HAHUSIMH ATOTO IpoIecca, TO ceddac OHU O00yCIIOBIICHBI
HECOBEPIICHCTBOM HOPMAaTHMBHO-NIPABOBBIX OTHOLICHWM B JIECHOM XO3siicTBe. PesynbraTom
3TOr0  SIBWIOCh  pa3pylIE€HUE  CIOKUBIIEHCA CHUCTEMBI JIECHOTO CEMEHOBOJACTBA U
IMUTOMHUYECKOTO XO035HCTBA, YUTO OCOOEHHO OCTPO OTPa3WJIOCh HA AyO€ YepelrdaToMm, KOTOpPbIi
IUIOJJOHOCUT HEPETYJSIpHO (depe3 5-8 JIeT) U K CEMEHOBOJICTBY KOTOPOT'O JIOJIKHO OBITH 0c000€
BHUMaHHe. OTpakeHueM HeOJIaronojy4yust B 0oOJacTH JIECOBOCCTAHOBIIEHUS AyOpaB SIBIISETCS
TOT (akT, yTo B 16 0bOnacTax u3 48, pacnonoKeHHBIX B apeaje qy0a, He MPOBOAUTCA HUKAKUX
JIECOBOCCTAHOBUTENbHBIX MEPONPUATUN U HE IulaHupyercs ux mnposeaenue 1o 2020 roma. K
TakuM obOnacTsaM ortHocsaTcst [IckoBckasi, Horopopckas, Jlenunrpaackas, MocCKOBCKas,
Koctpomckas, Bmagumupckas, MBanoBckas, CwmoneHckas, Tsepckas, Kuposckas,
Actpaxanckas, YensiOunckasi, Bonoroackas, SIpocnaBckas, CepuioBckas u [lepmckuit kpaid.

Ha nmpeononenne OTMEUEHHBIX HEAOCTATKOB IO COXPAaHEHHIO TeHOQOHIA U
BBIPAIIMBAaHUIO BBICOKONPOAYKTUBHBIX JyOpaB HaIpaBJI€Hbl CEJIEKIIMOHHO-TEHETHUECKHE
uccienoBaHusl. TpeMs MOKOJIEHUSIMU JIECHBIX CEJIEKIIMOHEPOB PErMOHA MPOBEACHBI CIEAYIOINE
MEpONpPHUATHS: BBIAEICHO CBBINIE 4 ThIC. ra reHeTHdYeckux pesepBatoB (75 % u3 HHUX B
Boponexckoit obmactu) u 31.0 ra mirOCOBBIX HacaXJeHUM, oToOpaHO M arrecToBaHo 551
IUTFOCOBOE JIEPEBO y0a, U3 KOTOPHIX 3aJI0KEHO Ha UcnbITaHue okosio 170 mr. Ha momanu 15.5
ra co3iaHo 10.4 ra ynydnieHHbIX IOCTOSIHHBIX JIECOCEMEHHBIX Y4acTKOB U 49 ra ceMelCTBEHHBIX
necoceMeHHbIX muaHTauuid. Heme IlentpansHoe YepHo3eMbe sBI€TCS LEHTPOM Hay4dHO-
HCCJIEIOBATEIbCKUX M TMPAKTUYECKUX pabOT MO COXPaHEHHIO T€HOPOHJA U CEJIEKUHOHHOMY
CEMEHOBOJICTBY Ay0a uepemryaToro. B npyrux myHkrax apeasna ay0a HET TaKUX OJarompusSTHBIX
yCIOBUH JUIsl IpoBeieHui moo0HbIX Meponpusatuil. B LlentpanbHoM UepHo3eMbe HaxoasTcs
LICHHble [JyOpaBHBIE MAacCHUBbI, HU3BeCTHble 3a mnpeaenamu peruoHa (LdunmoB nec wu
TennepmanoBckas poua B Boponexckoil obmactu, AnekceeBckue ayopassl B benropoackoit
oOnactu, noiitmeHHble nyOpaBbl B OacceiiHe Cpeanero JloHa), xapakTepusyroluecs 00ratbim
BHYTPUBHJIOBBIM pPa3HOOOpazueM. JTO OOYCIOBIEHO TaKXXe HCTOPUYECKUMH TPAJULUSAMHU U
JOCTHXKEHUSIMH B 00JIACTH JIECOBOCCTAHOBJICHUS U U3Yy4eHUs AyOpaB. 37ech paboTaau KIacCUKU
oteuecTBeHHOro jecoBoactBa M.M. Opnos, I'.®. Mopozos, B.H. Cykaues, npaktuku [".A.
Kopnoxosckwuii, H.K. I'enko, I'.I'. FOnam u cenexnmoneps! nyopasauku H.I1. Ko6panos, M.M.
Bepecun, E.U. EnbkoBa, T.W. IInermunuesa, B.b. Jlykpsnen.

PRESERVATION OF THE GENE POOL AND OBJECTS OF THE UNIFIED
GENETIC-BREEDING COMPLEX OF COMMON OAK IN THE CENTRAL
CHERNOZEM

Shirnin V.K., Kryukova S.A.
Research Institute of Forest Genetics, Breeding and Biotechnology, Russia; ilgis@lesgen.vrn.ru

Oak forests are the most complex forest ecosystems located in a densely populated part of
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the Russian Plain and performing are important abatement and Wood Raw Materials function.
They have long been subjected to the enhanced human pressures and the impact of industrial
toxicants. As a result, the area of oak forests in the past 300 years have decreased by 2-3 times,
and the gene pool of their severely depleted and eroded. Despite substantial research and
development in the past reforestation oak, now this process is very complicated and
contradictory. Scored in the past negative trends in the field of reforestation is not overcome
until now. If the first stage of the main reasons for failure were associated with poor knowledge
of the process, but now they are due to deficiencies in the legal relations in forestry. This has
resulted in the destruction of the existing system of forest seed and nursery economy, which is
particularly acute effect on the pedunculate oak tree, which bears fruit regularly (5-8 years) and
to the seed, which is to be emphasized. Reflection of the troubles in the reforestation of oak is
the fact that in 16 of 48 areas located in an area of oak makes no reforestation and do not plan
their implementation until 2020. These areas include Pskov, Novgorod, Leningrad, Moscow,
Kostroma, Vladimir, Ivanovo, Smolensk, Tver, Kirov, Astrakhan, Chelyabinsk, Vologda,
Yaroslavl, Sverdlovsk and Perm region.

To overcome these shortcomings of conservation genetic and breeding of high-oak
forests are the breeding and genetic research. Three generations of breeders forest region the
following activities: allocated with more than 4 thousand. Ha genetic reserves (75% of them in
the Voronezh region) and 31.0 hectares plus plants, selected and certified 551 plus trees of oak,
of which laid on the test about 170 pc. on an area of 15.5 hectares, 10.4 hectares created
improved permanent forest plots and 49 hectares of nepotism seed orchards. Now the Central
Chernozem is the center of research and practical work on the conservation of the gene pool and
seed breeding of Common oak. Other area points of oak no such favorable conditions for such
activities. In the Central Chernozem are valuable rejoice arrays, known outside the region
(Shipov forest and Tellerman grove in the Voronezh region, Alekseevskaya oaks in the Belgorod
region, flood plain oak forests in the basin of the Middle Don), characterized by a rich
intraspecific diversity. This is also due to historical traditions and achievements in the field of
reforestation and learning oak. It worked classics of domestic forestry Orlov, Morozov,
Sukachyov, practices Kornokovsky, Genko, Yunash and breeders of oak forests Kobranov,
Veresin, Enkova, Pletmintseva, Lukyanets.

PE3YJIbTATHI U HEPCHEKTUBBI IPUMEHEHUSI METOJOB MOJIEKYJISIPHOM
TEHETHUKH B IPAKTUKE JIECHOI'O XO3SIMICTBA
HInmkuna O.K., I'ymun B.A., Cuosnanos B.A., Kapneyenko H.A., llunkuna E.A.
OBY «Poccuiickuii 1ieHTp 3ammuThl Jiecay, Poccust; sShok3011@yandex.ru

B Teuenne nocnennux yier B ®bY «Poccuiickuil LEHTp 3aIUTHI JIECA» CO3AaETCS CETh
reHeTH4ecKux Jiaboparopuil Ha Bcell Tepputropun PP c nenbio BHeapenus merono JJHK
aHaJIM3a B MPAKTHKY JIeCHOTro Xxo3sicTBa. K HacTtosiemy MomeHTy paboraior 4 ynabopaTopuu
(1O, L13JI Boponesxckoit obmactu, KpacHospckoro u Anraiickoro kpas), B 2015 roay BCTymsT B
crpoii eme 3 — 113J1 Xabaposckoro kpasi, Apxanrenbckoit U JleHuHrpaackon odnacreit. Pabotsl
BEAYTCsI 110 TPEM OCHOBHBIM HAlpaBJIEHUSIM — JIECOBOJICTBO, JieCHAas! (DUTOMATOJIOTHS U JIECHAs
saTOoMoJorusi. st cetn nmaGoparopuit ®bY «Poccuiickuii eHTp 3amuTh jJecay pa3zpaboTaHa
€IMHas METOJMKa TEeHEeTHMYECKHMX pPabOT C y4yeTOM IOCIEJHUX MHPOBBIX JOCTHXKEHMH IS
MOJIyYEHUsI CPABHUMBIX PE3YJIbTATOB.

B obnactu necoBoacTBa MPOBOAATCS pabOThl MO TEHETHYECKOW IMacnopTU3aluu
JIECOCEMEHHBIX OOBEKTOB, MOHUTOPUHTY COCTOSHUSI JIECHBIX TE€HETHYECKHX pPECypcoB U
MOJrOTOBUTENIbHBIE MCCIIEIOBAHUS JUIsl 00eCcTIieYeHHsT KOHTPOJIS 332 000POTOM PenpOayKTHBHOTO
MaTepuaia MpH BOCIHPOU3BOJICTBE JIECOB, a TaKXke JH0OW JIECONPOMBINUICHHON MPOAYKIUH,
ecnmu U3 Hee MoxeT ObiTh BbleneHa JIHK. YTouHeHBI cxeMbl CMeEIIEHUS KJIOHOB Ha 22
JIECOCEMEHHBIX IUIAHTALMSAX M apXUBaX COCHbI OOBIKHOBEHHOH, €/l €BpPONMEWCKOW U COCHBI
cubupckoit kenpoBoil B EBponeiickoit vactu P® u CPO, pa3paboTaHa METOAUKA OIpeIeIeHUs
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MecTa MPOUCXOXKICHUS CEMsSIH OCHOBHBIX JIecOOOpa3ylolmx MopoJ (COocHa, enb, Keap,
JUCTBeHHMIA, 1y0). HauaTo MUTOTHIIMpOBaHHE HACAXACHUN 3TUX MOPOJ HA BCEH TEPPUTOPUU
P® c uenpro co3nanus 6a3pl JaHHBIX paCpeAeICHNUs MUTOTHUIIOB, JIJIsl YETO OTOOpPaHbI 00pa3IIbI
pactenuii o cetu 100x100 kM. Co3manue Takoi 0a3bl MO3BOJIMT OMPEACIATh reorpaduueckoe
IIPOUCXOXKICHUE NMapTUH PENpOAYKTHBHOIO MaTepuiia, BECTM KOHTPOJb 32 0OOPOTOM 3TOrO
MaTepuaia ¥, B KOHEYHOM UTOre, CepTU(PUIMPOBATH €r0 MapTUU MO MECTY MPOUCXOXKICHUS U
ap.

J1J1 OIIEHKHU COCTOSIHMSI HaCaX/I€HUH OCHOBHBIX JIECOOOPa3yIOIIUX MOPOJ Ha TEPPUTOPUHN
P® nposeneHo onpenesneHne CTeNeHu UX reTepo3urotHocTy. [lokasaHo, 4To MONMyJsALUU COCHBI
U €M OTJIMYaroTCs BBICOKOM cremeHbio rereposurotnoctu (50-90%), xeapa — cpenneit (30-
50%), nmucTBeHHUIIBI — cpenHeit (10 50%) u cnaboii(< 30%).

[Ipu npoBemeHuu TeHETHYECKUX padoT mo duromaronoruu obciemaoBano 1700 ra
ioniaiel, MOATOTOBJIEHHBIX MJS IOCAJKH JIECHBIX KYJIbTYp, Ha HAJIUYUE T'€HETUYECKOTO
marepuiia KopHeBoit ryoku (Henerobasidion annozum (Fr) Breff 1889), 674 ra teppuropuii B
MockoBckoit oOmactu, mnponaeHHbIx moxkapamu 2010 roma, mna  ompeneraeHUs HaIMYUA
TeHEeTHYECKOro MaTepuaia pusuHbl BojHucTO#M (Rhizina undulata Fr.). PesynbraThl Hammx
HaOJII0/IEHUH 3a pa3BUTHEM MH(EKLUU P. BOJIHUCTOM B NIOYBE U KOPHAX PACTEHUN Ha MPOOHBIX
IIOMIA/IAX [OKa3ajd, YTO BOCCTAHOBJICHHWE JIECOB B TMEPBBIA TOJA TMOCIE IOXApOB
HEIeJIecoo0pa3Ho, K 3-eMy TOAY BBIpAlIUBaHUS IMOJIOBHHA CAKEHIIEB NMOTHOACT B Pe3yNIbTaTe
MOPAKEHUSI STUM MATOT€HOM.

PazpaGorana mMeToauka onpeeNeHuss HCTHHHOW CTENEeHH MOpakKeHUs MH(EKIUIMHU 110
IHSM T[IOCJIe TPOBENEHUsSl CIJIOIIHBIX CAaHUTAPHBIX PYOOK (ompeneieHre 3aKOHHOCTU HX
Ha3HAYCHHS).

[IpoBenen ¢urTomaronoruueckuii MOHUTOPHUHT Ha 1409.5 ra JecHbIX MUTOMHUKOB
entpansHoro u Cubupckoro PenepaibHbiXx OKpyroB. OrmpeneneHbl BHAbBI OCHOBHBIX
(buTOMAaTOreHOB, pPACIPOCTPAaHEHHBIX B JecHbIX muTtoMHUKaXx PO u CDO. Cpenan
CPaBHMTEIbHBIM aHAJINW3 4YacTOThl BCTPEYAEMOCTH OCHOBHBIX 3a00J€BaHMI CESHIIEB B
nutoMHuKax EBponelickoif wactu P® u 3anannoit Cubupu.

Jlia ompeneneHusl pachkl HEMApHOrO IIEIKONpsAaa pa3paboTaHbl METOABI ONpPEIEIICHUS
MyTanuu MuToxoapuanbHoro rena COl — pecTpUKIMOHHBIN aHAIN3 W aJieNb-CrielnUIHBINA
[TIIP. YcTanoBneHa pacoBasi MPUHAJIC)KHOCTh 0COOEH HEMapHOTO MISTKOMPSIa U3 HACAKICHUN
EBponeiickoit wactu P®, IOxnoro VYpana, Cubupu u [ansHero Bocroka (6omee 70
JIECHUYECTB).

RESULTS AND PERSPECTIVES OF MOLECULAR GENETICS METHODS IN
FOREST MANAGEMENT
Shishkina O.K., Gushchin V.A., Sivolapov V.A., Karpechenko N.A., Shilkina E.A.
Center for Forest Protection, Pushkino, Russia; shok3011@yandex.ru

During the recent years the Center for Forest Protection (CFP) creates a network of
genetic laboratories throughout the Russian Federation to implement the methods of DNA
analysis to the practice of forestry. To date, there are four laboratories (in the central CFP, and
free regional CFPs in the Voronezh, Krasnoyarsk and Altai regions, respectively), and another
three will come into operation in 2015 (CFPs in Khabarovsk Krai, Arkhangelsk and Leningrad
regions). Work is carried out in three main areas - forestry, forest plant pathology and forest
entomology. Unified methods of genetic analysis implementing the latest world science
achievements to obtain comparable results have been developed within a network of laboratories
of the Center for Forest Protection.

In the field of forestry works are carried out on genetic certification of forest seed
facilities, monitoring the status of forest genetic resources and preparatory studies for monitoring
the circulation of reproductive material in the reproduction of forests, as well as any wood
products, if it can be used to isolate DNA of acceptable quality. The schemes of placing of 22
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clones in seed orchards and archives of Scots pine, Norway spruce and pine Siberian stone pine
in the European part of Russia and the SFO are updated, and the methods of determining the
place of origin of the seeds main tree species (pine, spruce, stone pine, larch, oak) are developed.
Mitotyping of these species throughout the territory of the Russian Federation with the aim of
creating a database distribution mitotypes for 100x100 km plant sampling network has been
started. The creation of such a database will help to identify the geographic origin of the
reproductive material, to monitor the traffic of this material and, ultimately, to certify its oroigin,
etc.

To assess the condition of main forest tree species in the territory of the Russian
Federation the degree of their heterozygosity was determine. It was shown that populations of
pine and spruce have a high degree of mean heterozygosity (50-90%), stone pine (30-50%), larch
(30-50%).

When carrying out work on the genetic phytopathology 1,700 hectares prepared for the
planting of forest cultures were surveyed on the presence of the root sponge (Henerobasidion
annozum (Fr) Breff 1889); 674 hectares of land in the Moscow region affected by fires in 2010
were surveyed on the presence of Rhizina undulata Fr.). The results of our monitoring for the
development of infection Rhizina undulata in the soil and roots of plants in test plots showed that
forest restoration in the first year after the fire is impractical - half of growing seedlings dies by
the third year due to this pathogen.

The method of determination of the true incidence of infection by stumps after the
cleaning cuttings (to determine their validity) was developed.

Phytopathological monitoring was conducted at 1409.5 ha of forest nurseries of the
Central and Siberian Federal District. The types of common forest nurseries phytopathogens
were identified.. The comparative analysis of the incidence of major diseases of seedlings in
nurseries European part of Russia and Western Siberia is done.

To determine the race of gypsy moth the PCR based restriction and allele-specific
methods for determining gene mutations in mitochondrial COIl were developed. The race of
gypsy moth specimens from plants of the European part of Russia, the Southern Urals, Siberia
and the Far East (over 70 forest areas) was identified.

WJIEHTUO®UKALMSA KOPHEBOM I'YBKHM (HETEROBASIDION ANNOSUM (FR.)
BREF S.L.) B IPEBOCTOSIX COCHbI OFBIKHOBEHHOM AJITAMCKOT'O KPASI
METOJAAMMU MOJIEKYJIAPHO-TEHETUYECKOI'O AHAJIN3A
Iysaes /I.H., Kaabuenko JI.H., /lepraues B.H.

Ounmnan OBY «Pocnecozammray - «113J1 Anraiickoro kpas», Poccus,
denis.shuvaev@gmail.com

M3 Bcero cmekTpa NaTOT€HOB, aTaKyIOLIMX JpPEBECHbIE IOPOAbI, KOpHEBas TIyOka
OTHOCHUTCSI K 4HUCIIy HauboJiee pacHpOCTPaHEHHBIX M BPEJOHOCHBIX BO30ynuTenel Oose3Hei
JIECHBIX HacaKIACHWM. JlaHHBIM BHMJ BBI3BIBAET NECTPYK0 CUTOBYIO THUJIb KOPHEH XBOMHBIX.
['HumM KOopHEN XBOMHBIX MOPOJ BO MHOTHUX CTpaHaxX MHpa NPUHUMAIOT XapakTep dHPUTOTUN U
HAHOCAT OrpOMHBIM ymep0. Drta Oone3Hb XBOMHBIX SBIsSETCS OJHOW U3 Hambosee
pa3pyLINTEIBHBIX B CEBEPHOM NOymapuu. OHa NPUBOJIUT K MaCCOBOMY YCBIXaHUIO JIEPEBBEB U
pacraay HacaXICHHUU, YTO HAHOCUT 3HAUUTENbHBIA yIIepO JecHOMY X03siicTBY. CBs3aHHBIE C
JTAHHBIM IIATOTE€HOM, S3KOHOMHYECKHUE notepu uist EBpornbl, oneHnBatoTes B 800 MIIH. €BpO B TOJI.
s necHoit orpaciau P® pacueTsl SKOHOMHYECKOTO yiiepOa, CBI3aHHOTO HEMOCPEICTBEHHO C
KOPHEBOU I'yOKOil, BEpOSITHO, CUIBHO 3aHMKEHBI, TOCKOJIbKY IS TAHHOTO MaTOreHa XapaKkTepHa
CKPBITHOCTh MpOSIBICHUS 3a0o0jeBaHUsA. M3 BBIIEH3I0KEHHOTO CIEAYeT, YTO CYIIECTBYET
NOTPEOHOCTh B MeTOoJie OBICTPOTrO M TOYHOI'O OMpeneieHHus WHQPEKIUH KOPHEBOH TIyOKH B
€CTECTBEHHBIX M UCKYCCTBEHHBIX HACAKIACHMSX JUISl PAHHEH JIOKAIM3alMM O4aroB U NPUHATHS
JAIbHEUIINX Mep M0 NPEAYNPEKICHUIO Pa3BUTHS HHPEKIUH.
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B HacTosmee BpeMs METOAbI MOJEKYISIPHO-TEHETHYEeCKOW HACHTU(UKAIUKA BHUIOB,
OCHOBaHHbIE Ha NMPUMEHEHUU BUAOCHEIUPUUYECKHX MapKEpPOB, OTHOCHUTEIHHO JIETKOJOCTYITHBI
Ui OOJBIIMHCTBA  TEHETHYECKHUX  Jlaboparopuil. MapkepHble  PErHOHBI  T'€HOMOB,
XapaKTEepU3YIOIINE ONpEeNICHHbIM BUJ WM POJ, KaK MPaBUJIO, XOPOIIO M3Y4YEHBI U 4acTO HE
TpeOyIOT 3arpaT Ha MPOBEACHHUE JOMOJHUTEIBHBIX HCCIeAOBaHUI. B naHHoN pabore Mbl
IpecieoBaIl 1elib anpoOaluu MEeToJla MOJICKYJISIPHO-TEHETUYECKOW TUArHOCTHKU KOPHEBOU
ryOKH B €CTECTBCHHBIX M UCKYCCTBEHHBIX JIPEBOCTOSIX COCHBI OOBIKHOBEHHOM.

MatepuanoM i UCCIIeI0OBaHUI MOCITYKUIIM KOPHU YCHIXAIOIIUX U BU3YalbHO 3JI0POBBIX
JIEPEBbEB COCHBI OOBIKHOBCHHOM, a Tak)Ke IJIOJIOBBIE Tea KOpHEBOH TyOku. Kaxapiii obpaszerr
KOPHSI BBICBEPJIMBANIM B Pa3IMUYHBIX 4-5 mMecTax, u3deras MpOCMOJIEHHBIX Y4acTKOB, pOpMUPYs
TaKUM 00pa3oM KOMIUIEKCHBIM 00pasen U3 JpeBECHOW CTPYXKKH OJHOTO KOpHS. DKCTPAKLUIO
JHK npoBomunu cormnacHo cranaaptHomy CTAB-meromy. B kadectBe OCHOBBI st
peakimonHoit cmecu I[P Obu1 mcmonk3oBan roroBeiii Habop ScreenMix-HS mpousBoactea
3A0 Esporen. O6wem IIL[P-cmecu cocraBmin 20 Mkin. KoHewyHble KOHIICHTpAIMKM TPAiMEpPOB
cocraBuu 0,16 mkMons/MKI. Pexxum ammuindukamnmm: 95°C — Smum; (950C — 15 cexk, 62°C — 20
cex, 72°C — 1 MUH)*32; 72°C — 3 mun; 4°C — . DnexTpodopeTuyeckoe pasjieIeHre MPoayKTOB
amIMUKaM MPOBOJMIM B TOPH30HTAIBHBIX Kamepax Helicon "SE-2" B 1-kparHom TBE-
Oydbepe B 1%-m arapozHom rene. AMIUIMPUIMPOBAHHBIA TI'E€HETHMYECKUNW MaTepHal
BU3YAJTU3UPOBAIIN ITOCPEICTBOM OKPACKH TN B PACTBOPE OPOMHUCTOTO STHAUS C MOCIIEIYIOIEH
MPOSIBKO HA TPAHCUILTIOMUHATOPE.

Bcero Obuto oOcnemoBano 46 aepeBbEB COCHBI OOBIKHOBEHHOW U3 10 necHWUYECTB
Anraiickoro kpas. M3 HHMX TeHETHYEeCKHil MaTepuan KOpHEBOM ryOku OblT OOHapy>KeH B
oOpasmax kopHeil 12 nepeBbeB 3-X JIECHUUECTB U JIOMOJHUTEIBHO 2-X JICCHUYECTB, /i€ ObUIN
oOHapyXeHbl II0I0BbIe Tena rpuboB, HO B KopHax JJHK rpubos He Obina oOHapyxkena. Toukw,
rae ObUl OTMEYEH TEeHETHYECKHI MaTepuasl MmaTroreHa, ObLIM HAaHECEHbl HAa KapTy M CTaHYT
OTNPABHBIMHU ISl TaTbHEHIIEH 1eTalbHOM JIOKaTU3aluu 04aroB HHGEKINH.

IDENTIFICATION OF HETEROBASIDION ANNOSUM (FR.) BREF S.L. IN THE
STAND OF TREES OF SCOTS PINE IN ALTAY REGION BY METHODS OF DNA-
ANALYSIS
Shuvaev D.N., Kalchenko L.1., Dergachev V.I.

Branch of the Russian Centre for Forest Protection
Centre for Forest Protection of Altai Territory, Russia; denis.shuvaev@gmail.com

Heterobasidion annosum is one of the most dangerous and widespread diseases attacking
conifers in the temperate and boreal regions of the Northern Hemisphere. This species causes
root and butt rot of conifers. The root rots of conifer trees cause great damage in many countries
of the world and they may be characterized as enphytoties. Financial losses caused by the species
complex of Heterobasidion in the European Union were estimated at 800 million euro per year.
For forest management of Russian Federation the estimates of economic losses directly caused
by Heterobasidion annosum probably severely understated, since the pathogen is characterized
the hidden form of disease. Therefore, there is the need for fast and precise method of
identification Heterobasidion annosum in the natural stands and the forest plantations for early
localization of pest holes and adoption of further actions that to prevent spreading of infections.

Currently the methods of molecule-genetic identifications of species based by the use
species-specific markers became relatively easy available for many of genetic laboratories. The
marker regions of genomes characterized definite species or genera usually are studied well and
they often are not required costs for additional studies. In this work we aimed goal examining of
DNA-diagnostic method of Heterobasidion annosum in the natural stands and the forest
plantations of Scots pine.

Plant material was presented the roots of dying and visually healthy trees of Scots pine as
well as fruit bodies of Heterobasidion annosum. Each sample of root was drilled in different four
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or five spots avoiding resinous sectors after we mixed all the shavings from the single root and
obtained the complex sample. Extraction of DNA was conducted in accordance with standard
CTAB-protocol. Aliquots of 4 pl of the reaction mix (ScreenMix-HS) were combined with 13,6
ul ddH,0 and 0,8 ul each of primers (final concentrations - 0,16 um). Temperature cycling was
carried out using a programmable heat block (ABI Prism Thermal Cycler 9700). An initial
denaturation step of 95°C for five minutes was followed by 32 amplification cycles of
denaturation, annealing, and extension. The temperature and times for these steps in the first step
was 95°C for 15 s, 62°C for 20 s, and 72°C for 1 minute. After the 32 cycles were completed, the
samples were incubated an additional 3 min at 72°C. PCR products were electrophoresed in
horizontal cells (Helicon, SE-2) in 1% agarose gel with standard TBE-buffer solution. The gels
were exposed in solution of ethidium bromide for 20 min and visualized in UV-radiation.

Overall was observed 46 trees of Scots pine from 10 forestry of Altai territory. The
genetic material of Heterobasidion was found in roots of 12 trees growing in 3 forestry and
additionally 2 forestry where were found fruit bodies of the fungi, but in the roots DNA of
Heterobasidion was not detected. These sites, where the genetic material of pathogen was
marked, were mapped and would become the initial sites for further detail localization of pest
holes.
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Ilpoexm nayuonanvHolU npoecpammol

«U3YYEHUE, COXPAHEHUE U PAIIMOHAJIBHOE UCITOJIb3OBAHUE JIECHBIX
I'EHETUYECKHUX PECYPCOB POCCHUN»

Ornpenenenus.

JlecHBIE TeHETHYECKHE pPECYpPCbl — OTO YacCTb l"eHO(bOH,Z[a HOHy.]'IfH.[I/Iﬁ JIECHBIX JOPEBCCHBIX
paCTeHI/If/'I, nMceronias HCHHOCTD JJI aJallTallui U CCIICKIIMU BUI0OB.

I'enoponn momymsiiuu  (Buaa) — 3TO COBOKYIMHOCTh BCEX T'€HOB TOMYJSAIUMU  (BUAQ)
(CepebpoBckuii, 1928).

3&,[[3‘11/1 moAIporpaMmMabI:

OcHOBHa4 11€J1b MOJANPOrpaMMBbl — pa3padoTaTh U pealin30BaTh Ha MOJCIBHBIX MIpUMEpax (BUAAX
JIPEBECHBIX PACTEHUH W OTAENbHBIX YYaCTKaX HX apeajoB) HALMOHAIBHYIO MPOTpamMMmy IO
M3YYECHHUIO, COXPAHEHUIO U PAlMOHAIBHOMY HCHOJIb30BAHUIO JIECHBIX N€HETHYECKUX PECYpPCOB
Poccun.

Jis noctrkeHus 3TOH e HEOOXOAMMO PELIUTh CAEAYIOLIUE 3a1a4u:

1. Ha ocHoBe 0000IIeHUSI TUTEPATypHBIX AAHHBIX, H3y4EHUS Treorpapuueckux KyIbTyp H
IIPOBEJCHUS KOMILJIEKCHBIX MCCJIEIOBAaHUN C NPUMEHEHHUEM COBPEMEHHBIX METOJIOB JIECHOMU
(dbeHeTHKy, MOMyIAUUOHHOW T€HETUKH M T€HOMUKH YTOYHUTh OCOOCHHOCTH BHYTPUBHJIOBOM
muddepeHranuy 1 pa3padoTaTb KapThl MOMYISAIUOHHON CTPYKTYPHI JIECOOOpa3yIOIUX BUIOB B
MaciTade UX pPOCCHICKUX apeasoB.

2. C y4eroM OTEYECTBEHHOIO W MHPOBOTO OIBITa ONTHMH3HPOBATH IPOTPAMMBI
COXpaHeHI/I}I/KOHcepBaLII/II/I JICCHBIX 'CHCTHUYCCKHUX pecprOB KJIACCUYCCKNUMHU METOJaMU in SitU nu
ex situ.

3. Pa3pabotarh NOMyIAMOHHO-TEHETUYECKHUE TMPUHIUIBI COXPAaHEHUS W BOCIPOM3BOJICTBA
JIECHBIX TEHETHYECKUX PECYpCOB MpPHU JIECOIKCILTyaTalldd U JIECOBO30OOHOBJIEHWH, HA OCHOBE
KOTOPBIX MOTYT OBITh YCOBEPIICHCTBOBAHBI COOTBETCTBYIOIIME HOPMATHUBHBIE JOKYMEHTHI,
periaMeHTHpYIOIIMe TpaBuUjia BEIACHHs JIECHOTO XO3SICTBa, BKJOYas MpaBwia pyooK u
JIECOBOCCTAHOBJICHHS, B Jiecax P®.

4. Pa3zpaboTaThb METOJMKY pa3[elIeHHs JIECOB Ha KaTEropHH, pa3Myarolivecs IO CHocoly
BOCIIPOM3BOJICTBA M TE€HETHMUYECKOMY IOTEHLHUANy MONYJIIMNA JecooOpasyromux BUIOB: 1)
CHOCOOHBIE K IOJIHOLIEHHOMY €CTECTBEHHOMY BOCIIPOM3BOJICTBY IPHPOIHBIC U ONM3KHE K HUM
[0 TEHETHMYECKOMY IOTEHLUUAIy HCKYCCTBEHHBIE Jieca, OTIMYAIOIIMECS ONTHUMAJIbHBIMU H
OJIN3KUMU K HUM XapaKTePUCTHUKAMHU I€HETHUYECKOH CTPYKTYpbl HMOIYJSILHMI Jecoo0pa3yromux
BUJOB - Jajiee IO TEKCTYy «ECTECTBEHHBIE Jiecay; 2) MCKYCCTBEHHO BOCIPOM3BOJIUMBIE Jieca
IIJIAaHTAITHOHHOI'O THIIA, OTIINYaOIIUECs O6€HH€HHBIM T'€HECTHUYCCKUM COCTaBOM -
«TUTAHTAI[MOHHBIE JIECay.

5. Ob6ocHOBaTh TpPENETHHO JOMYCTUMBIE OOBEMBI M TIpaBUJIa Pa3MEIICHUsS TIIAHTAITHOHHBIX
JIECOB B Pa3lIMYHBIX JIECOPACTUTENBHBIX YCIOBUSAX, IPU KOTOPHIX 00OECIIEUMBAETCS COXPAHEHUE
€CTECTBEHHO-UCTOPUYECKH CJIOKUBIICUCS TOMYJISAIIMOHHON CTPYKTYPhl M TEHETHYECKOTO
MOTEHIIMaNa ONM3NIEekKAIIHNX JIECOOOPa3yIONUX BHIOB M JKOJIOTHYECKass YCTOWYMBOCTH JIECHBIX
9KOCHCTEM B IIEJIOM.

6. C Y4€TOM OTCUYCCTBCHHOI'O WU MHUPOBOT'O OIIbITA B 00J1acTH JIeCHOMU TCHCTHUKHU, CCICKIMHU H
OHMOTEXHOIOTHHI MOACPHU3BUPOBATE W HHTCTPHUPOBATH MPOTrpaMMbl JICCHOIO COPTOBOTO
CEMCHOBO/JCTBA U INIAHTAITMOHHOTI'O JICCOBOJICTBA.

7. Peann3oBarh Ha MOJIETBHBIX MpUMeEpPax (BUAX APEBECHBIX PACTEHUI U OTIENIbHBIX y4acTKax
UX apeasioB) 3a1a4yu 1-6 npenngaraeMoil mporpaMmmsl.
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XapakTepucTuka cdepbl peanu3alid MOANPOrpaMMbl, OINHMCAaHHUE OCHOBHBIX Tpo0ieM B
yKa3aHHOH cepe 1 IporHo3 e€ pa3BUTUSA

Poccus — mupoBo#i aumep mo miomaan O0opeaqbHBIX JIECOB M MO MPeolIalaHiio B HUX JIECOB
€CTECTBEHHOI0 NpoucxoxaeHus. [lpu pa3zymHON JleCHOW MOJMTHUKE, B TOM YHCIE B OOJACTH
COXpaHEHHs JIECCHOTO OMOpPa3HOO0pa3us, ITO JUIEPCTBO MOXKET ObITh ycuieHo. OHaKo clexyer
YVUUTHIBaTh, YTO CTPYKTypa Ouojormyeckoro pasHooOpasus B yecax Poccunm umeer cou
ocobenHocTd. OHM 00YCIOBICHBI OTHOCUTENIHFHO O€IHBIM BHUJOBBIM COCTaBOM JICHIPOIIEHO30B,
KOTOPBI KOMIIEHCUPYETCS OTPOMHOM BHYTPUBUAOBON H3MEHYHMBOCTHIO, (popmupyroieiics B
YCIOBHAX SKOJOTMYECKH T€TEPOreHHBIX OOIIMPHBIX apeajoB JIeCOOOpa3ymoIIuX BHIOB
(Mwmrotun u zp., 2003). B cBa3u ¢ 3THM, a TakkKe Y4YUTHIBas aOCOJIOTHOE MpeodiagaHue
Ouomacchl JIpEBECHBIX pPACTEHMH HaJ OMOMAccoM JApPYruX WIEHOB JIECHBIX COOOIIECTB,
BaXHEHIIMM KOMIIOHEHTOM OHOpa3HOOOpa3usi POCCHMCKUX JIECOB SIBISICTCS BHYTPHUBHIOBAs
U3MEHYMBOCTh BUIOB-3Au(pHUKaTopoB. Ilpu sTOM HanboblIce 3HaUeHUE UMEET HACIIECTBEHHAS
M3MEHYUBOCTh PEBECHBIX PACTEHMI IO aJJaTUBHBIM U XO3SIICTBEHHO IIEHHBIM IPU3HAKaM, OT
YPOBHSL U OCOOEHHOCTEW KOTOPOW B KOHEYHOM CYETE 3aBUCAT YCTOMYMBOCTH U MPOJYKTUBHOCTh
JIECOB, a TaKXe MEPCIEKTUBBI BHIBEICHUS COPTOB C XO3SHCTBEHHO IMOJE3HBIMU CBOWCTBAMHU.
MyTanuu, moJ0KUTEIHHO BIHAIONUNE HAa MPHUCIOCOOICHHOCTD, CIyYaroTCsl KpaifHe peKo U MX
UCKYCCTBEHHOE  TOJy4YeHHe  MpoOJIeMaTHYHO; TOITOMY  aJlaNTUBHAs  TeHETHYecKas
U3MEHYMBOCTb,  HUTIparouias  pojib  «MOOWJIM3ALIMOHHOIO  TEHETUYECKOTO  PE3epBay,
AKKyMYJIUPDOBAaHHOTO BHUJAMH B TEUEHHWE HUX JUIMTEIbHOW €CTECTBEHHOW HCTOPHUH, JIOJDKHA
paccMaTpuBaThCs B Kaue€CTBE CTPATErMUECKH Ba)KHOTO T'OCYJApCTBEHHOI'O pecypca, TIIATEIbHO
oOeperaTbCsi U PAYUTENBHO UCHOIB30BaThCs. B cBs3u ¢ atuMm, B Poccun B cepeaune 1970-x
roZoB ObUIM pPa3paboTaHbl TOCYNAPCTBEHHBIE IMPOTPAMMBI 10 HU3YUEHHIO, COXPAHEHHIO W
CCJIGKIIMOHHOMY  HCIOJBb30BAaHUIO  3TOTO  CTPATeTMYeCKH  BAXKHOIO  KOMIIOHEHTA
O0ropa3Hoo0pasusi, Ha3bIBAEMOTO B COOTBETCTBUH C MEXKTYHAPOJHON TEPMHUHOIOTHEH «JIECHBIMU
TeHEeTUYECKUMU pecypcaMuy. AHaJIOTUYHbBIE MPorpamMmbl ¢ KoHIa 1950-x rr.pa3pabatsiBatotes u
BO MHOTHX JPYTUX pa3BUThIX cTpaHax — llIBeunn, @unnauaun, ['epmanun, CHIA, SAnonuu u ap.
OcHoBHBIMU pazfenamMud 3Tux mporpamm sBiswoTcs: (I) uszydenwe (umHBeHTapusauus), (1)
coxpanenue u (III) panuonanbHOE HMCHOJIB30BaHUE JIECHBIX TeHETHYeCKux pecypcoB (JIT'P).
PaccmoTpuM UX 1O NOPSIIKY.

I. U3yuenne (nuBentapusanus) JII'P.

YHUKaTbHOM OCOOEHHOCTHIO JiecHOTO (QoHna Poccum sBhsieTcss COXpaHEHHE JOCTAaTOYHO
OOLIMPHBIX yYaCTKOB OOpeabHBIX JIECOB ¢ HATUBHOW WJIM MaJOHAPYIIEHHOW MOMYISIHOHHO-
TEHETUYECKON U DKOCUCTEMHOM CTPYKTYypoi. OHM MMEIOT 00IEMHPOBOE 3HAYCHHE KaK OJIMH U3
MOCNEAHUX  COXPAHUBIIMXCSA TOJMIOHOB Il W3y4eHus  GakTopoB  (GopMHUpOBaHUS
TEHETUYECKOTO pa3HOOOpa3usl Ha BCEX MEPAPXUUECKUX YPOBHSIX OPraHU3AIUU KHUBOUW MPUPO/IBI.
[Ipy 3TOM TONBKO Yy IIUPOKOAPEATHHBIX POCCUUCKHUX JIE€COOOpa3yIOMMX BHUAOB, MHOTHE W3
KOTOPBIX PpaclpoCTpaHeHbl W 3a mnpexaenamu P®, mpencraBieH BeCh CHEKTP MHUPOTHBIX,
JONTOTHBIX ¥ BBICOTHBIX DKOTHUIIOB. JTO JIENaeT UX HICATbHBIMU MOJEIBHBIMU OOBEKTaMU IS
MEXKIYHAPOAHBIX  HMCCIEAOBAHUM TE€HETUKO-3KOJIOTMYECKMX MEXaHM3MOB aJanTaluil |
muddepeHIMaid HAa BHYTPUBHJIOBOM YpOBHE. BakHOe MpakTUYecKOe 3HAYEHUE HMEeT
CpPaBHUTEJIbHAS TE€HETUYECKAasl XAPAKTEPUCTHUKA PA3TUYHBIX KATErOpPUU JIECOB, BBIJIEIAEMBIX B
JecHOM Kojekce P® - pe3epBHBIX, 3alUTHBIX M OKCIUlyaTaUMOHHBIX. [Ipum sTtomM cnenyer
YUYUTBHIBATh, YTO BCE YKA3aHHBIE KATErOPUHM OTHOCHUTEIBHO YCJIOBHO BBIJIEJIEHBI B Tpeienax
€CTECTBEHHO-UCTOPUYECKU CIIOKHUBIIUXCS B3aMMOCBA3AaHHBIX TE€HHBIMH II0OTOKAMU CHUCTEM
MOMYJSUA Pa3HOTO YypPOBHA, O00pasymommx '"mpupoaHele Tena" - Buabl. B mpenensl
€CTECTBEHHBIX APEAJIOB BUJIOB BIIMCAHbl UCKYCCTBEHHBIE MOIYJISLNUHA ITUX K€ BHUJIOB, KOTOPHIE
MOTYT 00J1aJ1aTh MMOHWKEHHBIM TE€HETHUYECKUM TMOTCHITHAIOM. V3ydeHne JeCHBIX TeHEeTUYECKUX
pPECYpPCOB, KOTOpOE JacT HEOOXOAuMYI0 HHGOpPMAIUIO s pa3paboTKH MEpONPHUSTHH MO HX
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COXPAaHCHUIO U HCIIOJIB30BAHUIO, JOJIZKHO OCYIHICCTBIIATHCA C HO3I/II_[I/II71 OECJI0CTHOCTHU BHUJOB, KaK
WHTETPUPOBAHHBIX MOMYJSIITHOHHBIX cucTeM (Tumodeer-PecoBckuit u ap., 1973; AntyxoB u ap.,
2004).

Jns peuieHus pa3iMuYHBIX 3a/ad B O0JIACTH COXPAHEHHUSI U PAIMOHAIBHOI'O HCIOJIb30BAHUS
JIECHBIX TE€HETUYECKHX PECYpCOB INEPBOOYEPENHOE 3HAUEHHUE HMMEET M3yYeHHE OCOOCHHOCTEU
reHo()OHJO0B U MPOCTPAHCTBEHHOW MOMYJISIMOHHON CTPYKTYphl BUAOB. B maeane oHO JOMKHO
3aBEPUINTHCS WHBEHTApU3alleld HAanOOJIee BAKHBIX TEHETUYCCKUX PECYPCOB C MPUBSZKON HX K
MPOCTPAHCTBEHHOM MOMYJISIMOHHON CTPYKType BHAOB. Ocob0oe BHHMaHUE HpPU I3TOM JOJKHO
VACTSATBCS  BBISBICHHUIO (IIPEAKOBBIX» IMOMYJSAIUNA, KOTOpPhIE OOJAJar0T TOBBIIICHHBIM
aJalTUBHBIM TOTEHIMAIOM, a TaK)Ke BBICOKO- M HHU3KO-MOJMMOP(HBIX momynauuid. BaxhHoe
3HAUCHUE UMEET UICHTH(PUKAIUS y3KO- U MUPOKO-aJaITUPOBAHHBIX T€HOTHUIIOB U TOMYJISIIHA,
aHaJIM3 POJIM B3aMMOJAECHCTBUI '"TeHOTHUII-cpena’ B MOMJIEpKAHUM YCTOMYMBOCTH MOIMYJISIUN B
BapbUPYIOMINX YCIOBHIX CPEIIbI OOUTAHUS.

MacmrabHple HCCIIeIOBaHUS BHYTPUBHIAOBOW H3MEHUMBOCTH M TONYJSIIMOHHOW CTPYKTYPBI
MU(PUKATOPHBIX BUIOB JIPEBECHBIX pacTeHUd Hawatel B Poccum ¢ 1960-70-x romoB u
MIPOJIOJDKAKOTCS ¢ UCIIOJIb30BAHUEM COBPEMEHHBIX T€HETHUYECKUX METOJIOB 10 HACTOSIIEE BPeMs
(ITlpaBaun, 1964; 1975; Mamaes, 1965; 1972; 1974; Upournukos, 1967; 1970; 2004; MuntoTuH,
1967; 1973, 1980; 2013; I'motoB u nap., 1975; CannukoB u ap., 1975; 1993; 2002; 2013;
Myparosa u ap., 1985; 2008; 2012; Cemepukon JI., 1986; Bunsxun, 1983; 1999; 2004; 2010;
CemepukoB B. u ap, 1993; 1997; 2006; 2014; Ilyrenuxun, 1993; 2000; ITonuroB u ap., 1987;
1990; 2006; 2011; Kpyrosckuit u ap., 1987; 1990; 2006; 2014; Jlapuonosa u ap., 1987; 1999;
2011; I'opomkeBuy u ap., 1996; 1999; 2007). boybuioe 3Ha4eHUE 711 PEIICHHUS dTOW MPOOIEMBI
MMEEeT U3Y4YCHHE N3MEHYMBOCTH JPEBECHBIX BUIOB B reorpaguieckux Kyiabrypax (MpourHukos,
1977; Ulyrses, 1989; 2010; ABpos, 1992; HakBacuna, 1999; 2008; u ap.). IIpenBapurensHas
uHpopMaIsg O TMOMYJISIIUOHHOW CTPYKTYpE€ BHUIOB JIPEBECHBIX PACTCHUM, TMOJyuye€HHas Ha
OCHOBE yueTa OCOOCHHOCTEH apeasoB M KOMILUIeKca (pu3mko-reorpaduiyeckiux pailOHHUPOBAHUA,
COJIEPXKUTCS B  KanmuTaIbHOM wW37aHuU  «JlecoceMeHHOe pallOHMpPOBAHHWE OCHOBHBIX
necoobpazytromux nopoa B CCCPy» (1982). Ilpu nzyueHun xapakrepa U3MEHYMBOCTH 110 (eHaM,
auio3uMHbBIM JiokycaMm U JIHK-mapkepam ais HEKOTOpPBIX BUIOB COCHBI M JIMCTBEHHHUIIBI
HAMEUYEHBbl PAOHBI MPEINONOKUTETHHON JOKAIU3AIMKA TPEIKOBBIX momyisanuii (Buaskus,
2004; Cemepukos, 2006; CanHukoB u ap., 2012) u nomyssiiuii rudpuaHoro reresuca (I[lotenko,
2004; Cemepukos, 2006; Koponaunnckuii, Muntotus, 2006).

Hecmotpst Ha 3HauuTenbHBIH OOBEM MPOBENEHHBIX HCCIENOBAHUI M OYEBHUIHBIM MpOrpecc B
HaIpaBJICHUU OLEHKN TONYJSLUOHHOW CTPYKTYpBl, HMMEIOIIUECS CBEACHUS OTINYAOTCS
(GparMeHTapHOCTHIO B CBSA3M C TUTAHTCKUMHU apeajaMHy JIECOOOPa3yIOIUX BUIOB, OTHOCUTEIBHO
ciabbiM  BHeJIpeHueM  3((EKTUBHBIX  MOJEKYISIPHO-TEHETHUECKUX  METOJOB  OLIEHKU
FeHETUYECKON M3MEHYMBOCTU M OTCYTCTBHEM E€JIMHBIX METOJUYECKUX IMOAXOJ0B K M3YyYEHHIO
NOMYJSIMMOHHOM ~ CTPYKTYpsl ~ BHJIOB.  Hanpumep,  u3ydyeHHMe  MEXNONMYJIALUOHHON
muddepeHIMany Ha OCHOBE aHaJIM3a U3MEHYMBOCTH CEJIEKTUBHO HEUTPAIbHBIX MapKepPOB JaéT
BOXHYI0 HMH(OpManuio O NONYISIIMOHHOM CTPYKType, chopMupoBaBiIelcss B pe3yibTare
MIPOLIECCOB MUTPAIIUU U Jipeiida reHoB, HO JUIIb TPUOIU3UTENIHLHO MO3BOJISET OLEHUTh CTENEHb
JTUBEPreHLMH TOMyJALUN, OOyCIOBICHHYIO OTOOpOM (amanTUBHOW paauanmeit). Jlna
MOJIHOIIEHHON XapaKTepUCTHUKU OCOOEHHOCTEeH TIeHO(MOHJOB W TMOMYJISIUOHHON CTPYKTYpPBI
HeoOXxouMa pa3paboTKa MpOrpaMMbl MO W3YYEHHUIO JIECHBIX I'€HETHYeCKuX pecypcoB PP B
MacmTabe apeaja BHIOB, B OCHOBY KOTOPOH II€I€COOOpa3HO TMOJOXKUTH TMPUHITUII
KoMIUIeKCHOCTH uccienoBanuii (I'motoB, 1979; 1983). Ilpu »ToM OYeHb BaKHBIMH U TIOKa
JUCKYCCUOHHBIMU SIBIISIFOTCS METOJUYECKHE BOIPOCHI: BO-TIEPBHIX, O pa3MEIICeHUHU BHIOOPOK B
npezenax apeana BUAA; BO-BTOPBIX, O TOCIEIOBATENBHOCTH M STAlHOCTH/OJHOBPEMEHHOCTH
MCIIOJIb30BaHUs PA3IMYHBIX METOAOB OIIEHKH '€HETHUYECKON N3MEHYMBOCTH.
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B oTHOIIEHNM NIEPBOTO U3 HUX MPEUIOKEHBI PA3IMUHBIC TOAXOAbI: 1) paBHOMEPHOE MOKPHITHE
apeasia Toukamu cObopa — Hamp., mo cetke 100x100 kM (Ilumxkwuna, 2014); 2) nerambHOE
U3y4eHHE DOKOJOTMYECKOW M  (UTOICHOTHMYECKONW CTPYKTYphl apeaja ¥  BbIIEJICHUE
HOTEHIMAIBHBIX H30JIHOHHBIX 0apbepoB, KOTOPBIC “a Priori” paccMaTpHBaIOTCs KaK MPaHUIIbI
BHYTpHApEaJbHBIX COBOKYIHOCTEH pasznuuHoro pasnra (CanHukoB u nap., 2010; 2012); 3)
pasMelleHre BBIOOPOK C YYETOM JIECOCEMEHHOI'O pailOHMpOBaHMsI, MOCTPOEHHOIO HAa OCHOBE
aHamM3a KOMIUIEKCa (HU3UKO-TeOrpapUuecKuX paloOHHUPOBAHUNA M HMMEIOUIMXCS JaHHBIX O
BHYTPUBHMJIOBOM HM3MEHUMBOCTH JiecooOpa3yoomux BHUIOB (JlecocemeHHOe pallOHUpOBaHMUE,
1982).

B oTHomieHuu BTOPOro BOIpoOca, B CBA3M C PA3IUYUSAMU B MHPOPMATHUBHOCTU U CTOMMOCTH
METOJIOB  ()EHETHKH, OMOXMMHYECKONM ¥ MOJCKYJISIPHOW TCHETHKH, Hauboliee dacTo
NPUMEHSIEMbIX JUIsl aHajdu3a TeHETUYECKON CTPYKTYpbl MOIYJSIIMM, BO3MOXHBI Pa3IUYHBIC
noaAXoAbl: 1) UCIOJIb30BaHUE TOJIBKO OJHOTO U3 MEPEUYHCICHHBIX METOJIOB — HAIlPUMEpP, METOJI0B
MOJICKYJIIPHOM IeHETUKH, Kak HanOosee nHpopmatuBHbIX ([Tommtos, 2008); 2) omHOBpeMEeHHOE
MpUMEHEHUEe HecKOoJIbKkuXx MeTonoB (Bumskun, Cemepukos, 2014); 3) mosTanmHoe MpuUMEHEHUE
meronoB (I'motoB, 1983). IlocnmegHuii moaxon 3akioyYaeTCs B COYETAHUH SKCIPECCHBIX
OTHOCHUTEIIFHO HEIOPOTHX METOJIOB TIOMYJSAIMOHHOW (DEHETUKH, TPHUMEHSEMBIX Ha JTare
MacCOBOT'O CKPUHHUHIa BBIOOPOK C y4eToM (u3HKO-reorpaduueckoil CTpyKTyphl apeana, U
METO/I0B OMOXUMHYECKOU U MOJICKYJISIPHOU T€HETHUKU, TPUMEHSIEMBIX Ha MOCJIEAYIONMIUX dTarax
UCCJICIOBAaHMM Il YTOYHEHHS MacliTaba HaMEUYeHHBIX Ha 1-M 3Tane BHYTPUBHIOBBIX I'PaHUIl U
Oojiee AETATBLHOTO M3YYCHUS OCOOCHHOCTEH audQepeHInanuu U TeHETHYECKOH CTPYKTYPBI
MOMYJISIIIHMA, B T.4. IO aJallTUBHO Ba)XHBIM MapkepaM (I'motos, 1979; 1983).

OnTumMu3upoBath M YHU(DUUIHUPOBATH PACCMOTPEHHBIE MOAXOAbl K OLIEHKE T'€HETHUYECKOU
IeTePOreHHOCTH  BO3MOXKHO  IIOCPEICTBOM  CHELMAIbHOIO  M3Y4EHUS  OCOOCHHOCTEH
BHYTPUBUJIOBON M3MEHUMBOCTH HA IPUMEPE JOCTATOUHO KPYITHOIO MOJIEJIBHOIO yyacTKa apeaja
OJIHOTO U3 BUJIOB (HAIp., COCHbI OOBIKHOBEHHOM ), KOTOPOE MPEUIaraercs clieslaTh Ha Ha4aJIbHOM
JTare paccMaTpuBaeMo 3a1au.

Emé onHoil HepereHHON MpoOsieMoii SBISETCS OLIEHKAa T€HETUYECKON CTPYKTYPhI MOJIOAHSKOB,
BO3HUKILIUX Ha OPOCOBBIX CEIbCKOXO3SMCTBEHHBIX 3€MJISIX M TEXHOT'€HHBIX JIaHmadrax (Hamp.,
B 30HE JIEATEIILHOCTU He(TErazoBoro KOMIUIeKca). DT OOBEKTHI MPEICTaBIAI0T UHTEpEC AT
U3YYEeHHUS  3aKOHOMEpPHOCTEW  JMHAMUKM TE€HO(QOHIOB TMpU  paCIIUPEHUH  apeajioB
Jeco00pa3yroIIKX BUJIOB, a TAKXKE JJIs IOMCKA IIEHHBIX ObICTPOPACTYIIMX M paHO BCTYHAIOIIUX B
CEMEHOUIEHHE TE€HOTUIOB. OTH  MOJOJIHSAKH, C(HOPMHUPOBAHHBIE  MPEUMYIIECTBEHHO
MEJIKOJIUCTBEHHBIMH TIOPOAAMH, MEPCHEKTUBHBI Ui (OPMHUPOBAHUS M3 HUX pyOKaMH yxoja
OBICTpOpACTYIIMX JIeCOCHIpbeBBIX IaHTanuid (Cumopenkos, 2014). B cBs3u ¢ OonbmuMu
IUIOIIAAIMHA HOBBIX JIECOB HMX BIMSHUE HAa TIEHETUYECKYIO CTPYKTYpY M YCTOHYUBOCTHb
Jecoo0pa3yroIMX BUJIOB MOYKET OKa3aThCsl OUEHb CYIIECTBEHHBIM. [103TOMY MX mOMyNSA1MOHHO-
TEHETUYECKOE U3YUCHHUE KpailHEe aKTyalIbHO.

II. Coxpanenue JIT'P.

OmnpeneneHHble yCIeXu JOCTUTHYTBI POCCUHUCKUMHU CENEKIIHOHEpaMH M TeHETUKaMU B 00J1acTH
COXpPaHEHMsI JIECHBIX T'€HETHYECKUX pPECypcoB. DTO BBIpaXaeTcsi B OOJBIIOM KOJINYECTBE
BBIJIEJICHHBIX B E€CTECTBEHHBIX JieCaX TIE€HETHYECKHX pEe3epBaTOB, HEKOTOpPhIE U3 KOTOPBIX
MIOJIBEPIIINCh T€HETUYECKON oleHKe (Hamp., Benukos, Ilorenko, 2006) u paccMarpuBaroTcsi B
KayecTBe OOBEKTOB reHeTnueckoro MoHutopusra (Mpomnukos, 1998), a Takxke B co3laHUU
3HAYUTEIBHOTO YMCIIa TeHETHUECKUX KOJUIEKIUH, Cpel KOTOPBIX MpeodIIaaloT apXuBbl KIIOHOB
JYYIIUX MO CeIEKTUPYEMBIM MpU3HAKaM «ILUTI0COBBIX» aepeBbeB (IIpokasun, 2008). [Tpu 3Tom B
OCHOBY OT€YECTBEHHBIX MPOTrpaMM OBbUIH MOJIOKEHBI IPUHIUIIBI U METO/IbI «IIPUPOI00XPAHHOM
TEeHETUKU», Pa3pabOTaHHbIE B YCIOBUAX ACPHUIMTA €CTECTBEHHBIX JIECOB M PE3KOro 0OeIHEeHus
reHO(OHJIOB MONYJISIIUNA KOMMEPYECKH IIEHHBIX BUIOB B PAa3BUTHIX EBPONEHCKUX CTpaHaX.
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AHanu3 3THUX NPUHIUIOB MOKA3bIBAET, YTO OHU MCXOMAAT IPEUMYILECTBEHHO U3 "OCTPOBHBIX"
mojaeneii monymsuuonHoit rereruku (Wright, 1969) u He y4YMTBHIBAIOT aJgaNTHBHBIC
PEeUMYIIECTBa B3aMMOCBSA3aHHBIX MHOTOIOMYJISIMOHHBIX CHUCTEM, (DOPMHUPYIOIIMX CIOXKHYIO
OTHOCHUTEJILHO YCTOMYMBYIO XOPOJIOTHYECKyI0 CTpykTypy BumoB (LlBapm, 1967; Cemepukos,
1982; AntyxoB u 1p., 2006). OTu METOABl UMEIOT «CTAaTHUUECKUN» XapaKTep M CBOASATCS K
«KOHCEPBAIIUI» TEHETUYECKUX PECYpCOB MeToaaMu in Situ u eX Situ («B» U «BHE MPUPOIHBIX
MECTOOOMTaHUI» COOTBETCTBEHHO). OHHM HE YUYUTHIBAIOT KaK OOIIMPHOCTH M CIEUUPUKU
POCCHUICKHX JIECOB, 3aKJIIOUAIOLIEIiCs B MpeoOsiaJaHuM €CTECTBEHHBIX JIECOB C OTHOCHUTEIBHO
HEHApYyIIEHHON €CTECTBEHHO-UCTOPUYECKH CJIOKUBILIEHCS IMOINYJALMOHHON CTPYKTYPOW BHJIIOB
JPEBECHBIX PACTEHUM, TaK U HEOOXOJUMOCTH HENPEPHIBHOTO «IMHAMUYECKOTO COXPaHEHHS»
(TOJTHOLIEHHOTO BO300HOBIICHHS) TEHETHUECKHMX PECYpCOB B XOJA€ JIECOIKCIUTyaTallud |
JIECOBOCCTAHOBJICHUSI Ha BCEl JIeCOMOKphITOM Iuiomand. Hecmorps Ha pa3paboTky
JIECOCEMEHHOI0 PAalOHMPOBAHMSI, ONHUPAIOIIEIOCs HAa OPUEHTHUPOBOUYHBIE IIPEACTABICHUS O
MOMYJSILIMOHHON CTPYKTYpe BUIOB, U OTOOP OTHOCUTENIBHO OOJBIIOT0 YUCIIA T€HETUYECKUX
pe3epBaTOB OCHOBHBIX JIECOOOpa3ymOIIMX BHIOB, 3TH METOABl HE MOTYT OOECIeYUTh
MOJIHOLIEHHOE COXPaHEeHHEe TeHeTHUeCKuX pecypcoB. [Ipexie Bcero 3To 00yciIoBICHO MU3EPHOI
MJIOMIAbI0 TEHETUYECKUX PE3EPBATOB, COCTABIAIONICH MeHee 1% OT oOIiel riomaau Jecos,
KOTOPYIO BpAJ Jid ynactcst yBenuuuts (Tapakanos, 2003).

Bmecre ¢ a3TuMm, crienyer NOMYEPKHYTh 3HAUMMOCTh T'€HPE3EpBATOB JUIsl H3Y4YEHHUS] U
BOCIIPOM3BOJICTBA JIECHBIX I'€HETMUECKUX PECYpCOB. DTO 00YyCIOBIEHO: 1) HEOOXOAMMOCTBIO
OLICHOK TEHETHYECKOW TeTEepOreHHOCTH B "(OHOBBIX", KOHTPOJBHBIX IMOIMYISALUSAX, HE
UCTIBITHIBAIOIIMX (MJIM TIOYTH HE MCTIBITHIBAIOIINX ) X035 CTBEHHOI'O BO3JICUCTBUS B 3aLIUTHBIX U
AKILIyaTallMOHHBIX JiecaX; 2) BO3MOXHOCTBIO MCIIOJIb30BaHMUS T'€HPE3EpPBAaTOB B KauecTBE
00BEKTOB I'€HETUYECKOT0 MOHUTOPUHTA; 3) CO3/1aHUS Ha UX OCHOBE CEMEHHBIX 3aKa3HUKOB; 4)
IIPUMEHEHUS Te€HPE3epBAaTOB B KauyecTBE OOBEKTOB MOMYJALUOHHOW celekuuu. B 31Ol cBs3M
IeHETUYECKUEe pe3epBaThl 00s3aTeNbHO JOJDKHBI OBITh M3Y4YEHBI C ILIEJbI0 XapaKTEPUCTUKU
0COOEHHOCTEHN TeHETHYECKOM CTPYKTYPBI COCTABIISIFONIUX MX HACAKICHUH.

He pemaer npoOneMy MOJHOLIEHHOTO COXpPaHEHUS TE€HETHUECKUX PECYpCOB M CO3JaHUE
Pa3IMYHBIX TEHETUYECKUX KOJUICKIMHA MeToJaMHu eX Situ. DTo 00yCIOBICHO HEIOCTATOYHON
U3YYEHHOCTbIO TMOMYJSIMOHHONM CTPYKTYpbl BHUJIOB, OIPOMHBIM YHCIOM  HOIYJISLHM,
OTCYTCTBHUEM YCTKHUX KPHUTCPUCB PCHPEICHTATUBHOCTU BI)I60pOK, JOCTAaTOYHBIX JIsd HAJCXKHOI'O
COXPaHEHMsI T€HETHMUYECKHX PECYpCOB B KOJUIEKLHAX, HEH3YYEHHOCTBIO INPOOJIEMBI BIHSHUS
JJIUTCIIBHOTO XPaHCHUA CEMSAH U MCPUCTEM HA UX T'CHCTUYCCKHC OCO6CHHOCTI/I, OTCYTCTBHUEM B
P® renernyecknx 0aHKOB CEMsH, JOPOrOBU3HOM JaHHBIX MPOTPaMM, U APYTUMU HIPUYHMHAMHU.

CoBepiieHHO  OY€BMAHO, 4YTO ¢ yderoM crneuuduku JsecoB Poccun,  MeTomabl
COXPaHCHUSI/KOHCEPBAIUK TeHETHYECKUX PecypcoB in Situ u ex Situ 00s3aTenbHO JOMKHBI OBITh
JOTIOJIHEHBl ~ METOJAAMM  UX  HENPEPHIBHOTO  «JAMHAMMYECKOIO  COXPAaHEHHUS»  IpHU
JIECOIKCIUTyaTallil M JIECOBOCCTAaHOBIEHUHM, KOTOpble B YyClIOBHAX Poccunm umeror
NEepBOCTENIEHHOEe 3HayeHue. [JaBHBIMM HEraTHUBHBIMU  (DaKTOpaMH JIECOXO3SIHCTBEHHOMN
NEeSITeIbHOCTH,  OOYCIOBIUBAIOIIMUMHU  IPPEKT  «3pO3UM  TEHOPOHAA»  MOMYJISALHMA
J€co00pa3yroIUX BUIOB, SIBISAIOTCS: 1) MOBCEMECTHO HCHOJIb3yeMble PYOKH «HA IPUUCK»,
KOTOpbIE TPUBOJAAT K HETaTMBHOMY OTOOpPY M TIOCTENEHHOW yTpaTe B MOMYJSALUSAX T'EHOB,
KOHTPOJIMPYIOIIMX XO3SIMICTBEHHO LIEHHbIE TNpPU3HAKU; 2) KOHIEHTPUPOBAaHHBIE pPYOKH C
ocTaBiieHHeM "HeAopyOoB" U3 "MHHYCOBBIX" epeBbeB M 3) (hparmMeHTanusi apeaioB, KOTOPbIE
MPUBOJAT K Pa3pyILICHUIO HCTOPUUYECKHU CIOKHUBIIEHCS MOMYISIIMOHHON CTPYKTYpPbI, 00€THEHUIO
reHooHa BCleACTBUE apeiida reHoB, MHOPUIMHIAa U HEraTUBHOrO OTOOpa; 3) mepemenieHue
CEMSH U MO0CaJ0OYHOT0 MaTepuaa 3a Mpezesibl peKOMEHJOBaHHBIX JIECOCEMEHHBIX PallOHOB, YTO
paspymaer OajaHc MEXIy B3aUMOCBS3aHHBIMU NpOIlecCaMHM MHTErpauu u auddepeHuuanuu
COCETHUX, NePAPXUUECKH CBSI3aHHBIX B €IMHYIO CUCTEMY MOMYJISIUOHHBIX T€HOPOHOB U PE3KO
YBEJIMUYMBAET KOHIIEHTPALUIO HEAAITUPOBAHHBIX TEHOTUIIOB B MONYJIALUAX; U 1p. B 2T0i1 cBsA3n
IPUOPUTETHOM 3ajjauell  HACTOSILEr0 TMpOEKTa SBJISETCs pa3padoTkKa MOMYNSIIMOHHO-
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TCHECTUYCCKUX HpI/IHLII/IHOB COXpaHeHI/ISI/BOCHPOI/BBOI[CTBa JICCHBIX TTCHCTHUUYCCKHUX peCprOB HpI/I
JIECOXO3SIICTBEHHOM JIESITEIbHOCTA, HAa OCHOBE KOTOPBIX MOTYT OBITH YCOBEPIICHCTBOBAHBI
COOTBGTCTByIOH_[I/Ie HOpMaTI/IBHbIG I[OKyMeHTBI, peI‘HaMeHTI/Ip}IIOH_II/Ie HpaBI/IJIa
JIECOXO3SIICTBEHHOM JEATEIHHOCTH, MPEXKIE BCEro IpaBuia PyOOK M JIECOBOCCTAHOBJICHHS, B
necax PO.

OTmeruM, 4YTO MEpBBI M3 YKa3aHHBIX BbIlIE (DAKTOPOB BAKHO YYMUTHIBATh IPH BEIECHUU
XO03sIMCTBA KaK B IKCIUIyaTUPYEMBIX, TaK M, B OCOOCHHOCTH, B 3alIMTHBIX JiecaX, B KOTOPBIX
paspelieHbl TOJIBKO PYOKHM yXoAa M caHUTapHble pyOku. VMIMeHHO cucremaruyeckuii oTdop
JYYIIUX 10 MPOAYKTUBHOCTH U YCTOHYMBOCTH HACAXICHHH M JEPEBBEB MpH pyOKax yxona H
pyOKax IJIaBHOI'O IOJIb30BaHUSA (32 MCKIIIOUYEHHEM Y3KOJIECOCEUHBIX) NIPUBOAUT K HETaTUBHOMY
0TOOPY M HEYKJIOHHOMY OO€IHEHUIO MOMYIISIIMOHHBIX TeHO(OHIOB OBICTPOPACTYIIMMHU BBHICOKO
aJlalITUPOBAaHHBIMM TeHOTHNaMu. Kak MpaBUIBHO OTMEYarOT KJIACCHKM JIECOBOJCTBA (Hamp.,
Oittunren, 1962) u coBpemenHble wucciuenorarenu (Macnakos, 1984; Poroszun, 2010),
Ba)XKHeHIIeH 3amaueil nmpu pyOkax yxoja sIBIs€TCS NPAaBUIbHOE BBIJEICHHE JUAMPYIOIIUX I10
pocTy, KayecTBy CTBOJa H YCTOHYMBOCTH "nmepeBbeB Oyaymiero", KOTOpbIE HMEIOT
MaKCHUMaJIbHbl€ IIAHCHI BOWTH B COCTaB CHEJBIX M MEPECTOMHBIX HACAKICHUA U OTIIMYAIOTCA
MOBBIIIEHHBIMH TTOKA3aTESIMA YCTOWYMBOCTH M XO3SIMCTBEHHO-IICHHBIX MPHU3HAKOB. V3ydeHune
KOPPENSLUOHHBIX CBA3€H MeXIy MOpQOJOrMUYeCKUMHU MPU3HAKAMM U T'€HOTUIIMYECKUMHU
0COOEHHOCTSIMH TaKOTO poJia AEPEBHEB MPEACTABISIET HHTEPECHEHIIYIO ¢ ()yHIaMEHTAIBHON U
OPUKIAJAHOM  TOYEK 3peHus 3ajady, peUIeHHe KOTOpOM  MOXKeT  CHOCOOCTBOBATh
YCOBEPIICHCTBOBAHUIO pPYyOOK yX0/a, METOJ0B OTOOpa CEMEHHUKOB Ha BBIpYOKax, a TakKke
METO0B OTOOpa IUIIOCOBBIX JIEPEBbEB. B 1e0M A perieHus 3ajadd ONTUMHU3ALMK [TPABUI
pyOOK, TpH KOTOPBIX BBIMOJHSIIOTCS HE TOJNBKO JIECOBOACTBEHHBIC TpeOOBaHMS, HO W
COXpaHsieTcsd WM JaKe MOBBIIIACTCS T€HOTUIIMYECKUH MOTEHIMal MOMyJsluuii, He0OX0IUMbI
UCCIICIOBAaHUS TIO0 COIOCTABJICHUIO OCOOCHHOCTEW JWHAMHUKH T€HO(POHIOB B €CTECTBEHHBIX
"KOHTPOJBHBIX" W B TIOABEPTHYTHIX pa3IUYHBIM JIECOXO3AHCTBEHHBIM MEPOIPUATUSAM
HacaxJeHusx. Mitorom Takux uccienoBanuil Oyner, HallpuMep, paH)XMPOBaHHE BCEX METOJIOB
pyOOK IO CTENEeHU U XapakTepy HMX BIUSHHS Ha TE€HETHYECKYI0 CTPYKTYpPY €CTECTBEHHBIX
HacaxJieHuil. MHoroe B 3TOH CBSI3M MOTYT JaTh AKCIIEPUMEHTHI Ha KOMIBIOTEPHBIX MOJENSX,
OCHOBAHHBIX Ha JKCIHEPUMEHTAIbHBIX JAHHBIX 10 TEHETHMYECKOMY MAapKHpPOBAHUIO U
TaKCallHOHHO-MOP(}OIOrMYECKOMY OINHMCAHUIO BCEX JIEPEBHEB HA MPOOHBIX IUIOMIAAAX B JIYUIIHX
[0 YCTOWYMBOCTH U POAYKTUBHOCTH "KOHTPOJIBHBIX" BEICOKOTIOIUMOP(HBIX MOMYIIALHUAX.

Od4eBHIHO, YTO MPOBEJCHHE OJKCIEPUMEHTOB U pa3paboTka pPEeKOMEHJAIUN JOJKHBI
OCYIIECTBIISAITBCSL C YYETOM JICJIEHUS JIECOB 110 1IeJIeBOMY NPU3HAKYy Ha 3allUTHBIE,
AKCIUTyaTallMOHHbIEe U pe3epBHble (JlecHol konekc, 2006). Haubonbuiee BHUMaHue npodieme
COXPaHEHMsI JIECHBIX TE€HETHMUYECKHMX PpEeCcCypCcoB JIOJDKHO YIENATbCS B  3alUUTHBIX U
OKCIUTyaTallMOHHBIX Jiecax. [lpm OSTOM pe3epBHBIE Jieca Tak)Ke WHTEPECHBI B IUIaHE
CPaBHUTENBHONW OLIEHKH OCOOEHHOCTEH TI'€HETUUECKOM CTPYKTYpbl B OSKCIUTyaTUPYEMbIX U
HEIKCIUTYaTUPYEMBIX HACAKICHUSIX.

OtaenpHOE HaNpaBIEHUE UCCIIEN0BAaHUMN — CBS3b YPOBHS I€TEPO3UTOTHOCTH C IMHAMUKON pocTa
U YCTONYMBOCTBIO JIEPEBHEB U HacaxJeHui. B 3Toil cBs3u nMmerorcs pparMeHTapHble JaHHbIE,
Ha OCHOBAHUHU KOTOPBIX CPOPMYJIMPOBAHBI pa3iMyHbIe HY>KAAIOIIUECS B IPOBEpKe TUIIOTE3bl. B
YaCTHOCTH, B  COCHOBBIX HACaXIEHHUSAX BBIABIEHO yBEJIWYEHHE YPOBHS  CpenHei
TeTepPO3UTOTHOCTH C BO3PACTOM JIPEBOCTOEB, UYTO MOXET OBITh CBS3aHO C IOBBIIICHHON
WHTEHCUBHOCTBHIO POCTa W aJANTUBHOCTHIO BBICOKOTETEPO3UTOTHBIX jaepeBbeB (Mitton, 1977;
1978; JKuoroBckuii, [lyxapeB, 1985). OueHp BBICOKHE YPOBHU MOJUMOPGHOCTH U
TFeTepO3UTOTHOCTH XapaKTEpHbI I KEAPOBOTO CTJIAHHHKA, 3aHUMAIOUIETO HKOJIOTMYECKU
IKCTpEeMalbHbIe BRICOKOTOpHBIE 3K0TOMBI CeBepHoit A3uu ([lonutos, ['opomkesud u map., 2010).
B 1O e Bpems, BBICKa3aHa THUIOTE3a O CIIOKHOW HEJIIMHEWHOW CBSI3W TE€TEPO3UTOTHOCTH C
Pa3IMYHBIME KOMIIOHEHTaMH IpucnocobiaeHnoctu (Antyxos u ap., 2006). [locnennee craBut
MO0/l COMHEHHE HEKOTOpbleé pEeKOMEHJAllMH, pa3paboTaHHble Ha OCHOBE YIPOLIEHHBIX
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MPEACTABICHUM O JIMHEHHOM 3aBUCUMOCTH TIOMEOCTa3a IOMYJSILUN OT TIe€TepO3UTOTHOCTHU
(ITagytoB, 2012). TIlo-BuammMoMy, €CTECTBEHHBIC TMONYJSAIUH C BBICOKMM YPOBHEM
TEHETUYECKOT0 MOTEHIMAIa "ONTUMAIBHO I€TEPO3UTOTHBI", HO YPOBEHb 3TOM ONTUMAaJIbHOCTU
MOXET HMeTh reorpaguyeckue M JKojorudyeckue ocoOeHHocTH. Ecmu mnoanepxkanue
ONTUMAJIBHOW TETEPO3UTOTHOCTU SABJISETCS YAaCTbI0 TE€HETUYECKOW CTpAaTEeruu ajanTaluu
€CTECTBEHHbIX MOMYJIALUN, TO 3TO HEOOXOAUMO YYUTHIBATh IPU pa3pabOTKe BCEX MEPOIPUITUI
[I0 COXPAHEHHUIO U PallMOHAIBHOMY MCIIOIb30BAaHUIO M€HETHUUECKUX pecypcoB. st pacKkpbITHs
TAKOr0 poJia 3aKOHOMEPHOCTEH HEOOXOAMMBI CIElHaIbHblE HCCIEIO0BaHMS, KOTOPBIE TaKXKe
IUTAHUPYETCS OCYIIECTBUTD IIPU PELICHUN PAacCMaTPUBAEMOM 3aJauH.

Uro KacaeTcsi COXpaHEHMs] TEHETHYEeCKOW TIeTepOreHHOCTH MONyJsluil B  Mpolecce
JIECOBOCCTAHOBJIEHUS], TO HEKOTOPHIE aBTOPBI B CUTYaLlMH, KOTJJa UICKYCCTBEHHO BO300OHOBIIsIEMAast
MOMYJSIIMSL ~ XapaKTepU3yeTcsi MOHIKEHHBIM  YPOBHEM  TI'E€HETHUECKOM  U3MEHYMBOCTH,
PEKOMEHIYIOT CO37aBaTh KYJIbTYpPbl CMECHIO CESHIIEB, BHIPAIIEHHBIX M3 CEMSH, COOpaHHBIX B
HecKoJbkuX cocenuux nonymsanusax (Ilyrenuxun, 2008). PaspabaTeiBacTCsl M IPOXOJAMUT CTAIHIO
IPOM3BOJCTBEHHBIX  MCIBITAHUM  MeTo  "IUIAHTalMOHHO-OOCEMEHUTENbHBIX  KYJIBbTYp',
3aKJIaJbIBAEMbIX M3 HEOOJIBIIOTO YMCIa BBICOKOYPOXKAMHBIX MPUBHUTHIX JEPEBbEB, CIIOCOOHBIX
OBICTPO OOCEMEHHTH yYacTKH KPYIHBIX Tapei, JIMIIEHHBIX €CTECTBEHHBIX HMCTOUYHUKOB CEMSH
riaBHoi nopossl (Tapakanos, Uneuues, 2013). OTu u Apyrue MEeTOAbl, BIOJIHE MPHUEMIIEMBIE C
JIECOBOJICTBEHHBIX MO3MIINNA, COBEPIIEHHO HE U3YyUEHbl C TEHETUUYECKON TOUKH 3peHus. [loaTomy
OIICHKa TeHeTHYecKHX 5(QPEeKTOB JIECOBOCCTAHOBUTEIBHBIX MEPOINPHUATHI TakkKe BXOIUT B
paccMaTpuBaeMylo 3ajady.

CaMocTOATENBHBIM M JUIMTEIBHO JUCKYTHPYEMBIM SBJIETCS BOINPOC O COXPaHEHUU
FEHETUYECKOT0 MOTEHIMAala BUJIOB JPEBECHBIX PACTEHUHN B XOJle UX celekuuu. B ornuume ot
TPaZMLIMOHHON WHAMBHUIYAJIbHOM CEJIEKIIMH, Y3KOHAIPABJIECHHOW Ha OTHEIbHBIE KOHKPETHBIE
XO035CTBEHO-BaXKHbIE WJIM a/IalITUBHbIE MPU3HAKU, B CIy4yae IPYNIOBON WJIM MOMYJISLHOHHON
CEJIEKLIMM II€pBOHAYAIbHBIE PEKOMEHAALMHM CBOAWINCH K COXPAHEHHIO B CEIEKTHUPYEMBIX
HNOMYJSIIMSX BO3MOXKHO OOJbIIEro YpOBHS noiduMopdHOCTH. B 3Toil cBs3M 0COOEHHO
NEePCHEeKTHUBHA MOMYJISIIMOHHAs CEeJIeKLUs, CBOIAIIAACA K OTOOpY JIYULIMX IUTHOC-HACaXICHUH,
OLICHMBAEMbIX IO MOTOMCTBaM B MONYJISUMOHHBIX KyiabTypax (TapaxanoB u ap., 2001). B
oTHOWEHUH Oojee 3((HEKTUBHBIX METO/I0OB CENEKIUH, OCHOBAaHHBIX Ha WHTEHCUBHOM OTOOpe
HEMHOTUX BBIJAIOIINXCA T'€HOTUIOB (MHIMBUIYyaldbHasl CENEKLHs, KJIOHOBBIM OTOOp U T.1.),
npobjemMa COXpaHEHUS TE€HETHMUYECKOro MOJUMOp(H3Ma B CENEKTUPYEMbIX MOMYJIALUAX He
HaxXOJIUT YAOBJIETBOPUTEIHHOTO pelieHus. Takue nmpuemMsl, Kak CO3/laHue "MHOTOJIMHEHHBIX" U
"MHOTOCOPTOBBIX" HCKYCCTBEHHBIX HOMYJSAIMM, BbIpallMUBaHME T'€HETHYECKHM MOHOMOPQHBIX
COpPTOB M THOPUJIOB B CMECH C JIEPEBBSIMHU U3 T€HETUUYECKH MOIUMOP(GHBIX MECTHBIX MOMYIISIIIHM,
OJIHOBPEMEHHAsl CEJIEKLIMs U3 OJHOTO N€HETHUYECKOTO IIyJIa Ha pa3jM4YHbIE LIEJEBbIE NMPU3HAKU
(Multiple Population Breeding System) moBbImaroT ypoBeHb F€HETHYECKON T'€TEPOreHHOCTH U
YCTOMYMBOCTb MCKYCCTBEHHBIX HAaCAKICHUI U MMEIOT IIPaBO Ha CYLLECTBOBAHUE U JajbHEMIIEE
passutue (Eriksson et. al., 2006). OgHako OHM TpeOYIOT IOMOJHUTEIBHBIX 3aTpar M HE
rapaHTUPYIOT CEJEKIIMOHHO YJIYYLIEHHBIM HACaKIEHUSAM CTOJIb XKE BBICOKOM YCTOMYMBOCTH,
KOTOpasi CBOMCTBEHHa "AMKUM" TOMyNALUSIM, B KOTOPBIX E€CTECTBEHHBIH OTOOpP HEYCTaHHO
MakcuMH3UpyeT npucnocodnenHocts (Tumodees-PecoBckuit u np., 1973). Camblit npoctoit
BBIXOJ U3 OTOW NPOTHUBOPEUYMBON CHUTYaIlMM 3aKII0YaeTcs B BBIJIEICHUM T'€HETUYECKU
00€e/IHEHHBIX HMCKYCCTBEHHBIX JIECOB B OTAEIBbHYIO KaTEropuio, Ul KOTOPOH COXpaHEeHue
BBICOKOI'O YPOBHSI T€HETHYECKON M3MEHUYMBOCTH C LIE€TbI0 MOJAECpKAHHUS YCTOHYMBOCTH MMEET
BTOPOCTENEHHOE 3HaYeHUEe. DTO 00YCIIOBIEHO TeM, 4TO Oy/yIIHe COPTOBbIE Jeca MIaHUPYeTCs
BBIpAINBAaTh B KOHTPOJIUPYEMBIX YCIOBHSX (B TOM YHCIE U C JOTOJIHUTEIbHBIM YIOOpEHUEM U
UppHUranyen mo4sbl) Ha BBICOKOM arpoQoHe MO IUIAHTALMOHHBIM TEXHOJOTHSIM, KOMIEHCUPYS
CHIDKEHHE X YCTOMYMBOCTH COOTBETCTBYIOIMMME yXxonaamu (CemepukoB u ap., 1998; lllyroB u
ap., 2007; Bunskun, 2008; I'opomikesuy, 2008; Tapakanos, 2009).
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[Tocneanee ympomaeT CUTYaluio, HO CTAaBUT HOBBIC MTOKA HE pelIeHHbIe 3amaun: 1) pa3paboTka
KPUTEPUEB OTHECCHHUS JIECOB K KaTreropusM 'TUIaHTaIMOHHBIX" W '"ecTecTBeHHBIX"; 2)
000CHOBAaHHUE TPENETBbHO JOMYCTUMBIX OOBEMOB M TMPaBUI PaA3MEIICHHUS T'€HETHYECKU
00€THEeHHBIX MJIAHTAIIMOHHBIX JIECOB.

[IpemyioskeHUst 1O  pa3[ENIEHUIO JIECOB Ha KaTErOpWH, pa3IMYaroIluecss IO CIoco0y
BOCIPOM3BOJACTBA U T'€HETHUYECKOMY IMOTEHIMANy MOMYJSAUUN JecooOpa3ylolux BUIOB, ObLIU
BBIJIBUHYTHI emié¢ B KoHle mnpouuioro Beka (CemepuxoB u Ap., 1998). CornacHo nutupyeMoi
paboThl, K KaTreropuu 'MUIAHTALMOHHBIX" OTHOCSTCS Jieca C CYIIECTBEHHO OOCIHEHHBIM B
pe3ysbTaTe CeNEeKINU TeHO()OHI0M, KOTOPHIE BOCIIPOU3BOMATCS TOJBKO HCKYCCTBEHHBIM MTYTEM.
K xareropum "ecTecTBeHHblE" OTHOCSTCS €CTECTBEHHBIE, a TaKKe M OJU3KHE K HUM IO
TEHETHYECKON CTPYKType M MPOU3BOJHBIC OT HUX JIECHBIE KYJIBTYPBI, KOTOPBIE CIIOCOOHBI K
MOJIHOIICHHOMY €CTeCTBEHHOMY BOCHpPOU3BOJCTBY. IIpm 3TOM OHH moApazlenstoTcs Ha
MOJKATETOPUH, OTJIMYAIOIIMECS 10 YPOBHIO TEHETHYECKOW TEeTePOreHHOCTH, CIOco0am
XO03SUCTBOBAHMSI, METOJIaM JIECOBOCCTAHOBIICHUS, UX PECYPCHO-IKOJOTUYECKUM (PYHKIMSIM U
OpyruM mapamerpam: 1) JecHble KyIbTYpbl, CO3JaHHbIE M3 OOBIYHBIX, "HOPMAaJBHBIX'" CEMSH
MECTHBIX HACaXJIEHUH, a TaKKe M3 CEeMsH, MOJYYCHHBIX Ha JIECOCEMEHHBIX YyYacTKax U
MJIAHTAIUAX B pe3yibTaTe "MOMyISIIIHOHHON" cenekuny; 2) "HanpaBIeHHO-X03sMCTBEHHbIE" WK
"meneBble"  €CTECTBEHHBIC Jieca, IOABEPKCHHBIC  XO3SWCTBEHHOM  JIEATEIBLHOCTH;  3)
pe3epBupyeMblie ectecTBeHHbIE Jieca (CemepukoB U Jp. "O reHETHKO-CENEKIIMOHHOM aCIeKTe
coxpaHeHMss W yiydmieHus JjecoB Poccuu", 1998; c¢.35). OueBuaHOo, 4YTO YpOBEHb
Tparcopmaru TeHodoHIa OT 3-ii K 1-i M3 yKa3aHHBIX TOJKATErOPHHA JODKEH HapacTath,
OJIHAKO HAa CETOJAHSI 3TOT BONPOC MPAKTUYECKH HE HM3y4eH U JOJDKEH BXOJUTh B KauecTBE
JIOTIOJIHUTEIbHOM 3aJja4i B HACTOSIIYIO mporpaMmy. IIpu 3TOM ¢ MpakTU4ECKOM TOYKM 3pEHUS
HAa COBPEMEHHOM »JTale HCCIEAOBaHUN Hamboiee akTyalbHO BbBIACIEHHWE M OTrpaHHYEHUE
00BEMOB CO3/1aHMsI KAaTErOPUHU IUIAHTAIMOHHBIX JIECOB C CHWJIBHO OOCAHEHHOW B CpPaBHEHUHU C
€CTECTBEHHBIMU JIECAMH TE€HETHYeCKOW CTpyKTypou. IlocKonbKy KpUTepuu [UIsl TaKoro
paszeneHus noka He pa3padOoTaHbl, ITO TAK)KE BXOAUT B 33J]a4H IAaHHOW MTPOTPAMMBI.

BTOpa}I N3 YKAa3aHHBIX BBIIIC HpO6J’I€M O6yCJ'IOBJ'ICHa TEM, HYTO YPE3MCPHOC 3aMCHICHUC
CCTCCTBCHHBIX JICCOB Ha INNIAHTAOWMOHHBIC MOKCET HNPHUBECTU K CHHUXCHHUIO T'CHCTHYCCKOIO
INOTCHIIMAJIa 1 YCTOP'I‘{I/IBOCTPI JICCOB. KpI/ITepI/II/I OICHKH OIITUMAJIBHOT'O COOTHOIIICHUA HJ'IOIJ.[B.I[Cﬁ
IJIAHTAUOHHBIX U €CTCCTBCHHBIX JICCOB, PABHO KAaK U MpaBUJI MPOCTPAHCTBCHHOI'O PasMCIICH U
MEPBLIX OTHOCUTCIBHO BTOPbBIX, TAKIKC OTCYTCTBYIOT U IO3TOMY IUIAHUPYIOTCH K pa3pa60TI<e B
PaMKax HAaCTOAIICTO IMPOCKTA.

[II. PaumonansHoe ncnonb3oBanue JII'P.

Bomnpoc 006 3¢ (ekTHBHOCTH MCIIOIB30BaHUS T€HETUYECKUX PECYPCOB C IENbIO CEIEKIIMOHHOTO
YIIYYIIEHUS] XO3IMCTBEHHO LEHHBIX CBOMCTB JPEBECHBIX PACTEHUM YpPE3BBIYANHO aKTyaJleH B
KOHTEKCTE HacTOsAIIeH nporpammbl. JlpeBecHbIE pacTeHHsl KpaiiHe HeyJO0OHBI JUIs T€HeTHKO-
CEJIEKIIMOHHBIX MaHUIYJISUHN B CBA3H C UX OOJBIIMMHU pa3MepamMH, OrpOMHON (DEeHOTUITHYECKOM
IUIACTUYHOCTBIO M JUIUTEIbHBIM  JKU3HEHHBIM IIMKJIOM, OOYCIaBJIMBAIOLUIMM  MO3/HIOIO
OKYNaeMOCThb 3aTpaT. Takue IEHHbIE B HAIMX YCIOBHUAX MOPOABI KAK COCHA, JMCTBEHHHIA U
KeJZlp, CO3J1al0T JOIOIHUTENIBHBIE CII0KHOCTH TEM, YTO OHM YIOBIETBOPUTEIBHO Pa3MHOKAKOTCS
BEreTaTUBHBIM CIIOCOOOM TOJIBKO METOJIOM MPHUBUBKH. OTH OCOOEHHOCTH BBIHYKIAIOT
CEJIEKIIMOHEPOB BECTH OTOOp MpeXkae BCero Ha OBICTPOTY pPOCTa, a TaKKe MPEIbSBISAIOT
MOBBILICHHBIE TPeOOBaHUS K d()(PEKTUBHOCTU METOJOB CENEKIUU U HAJEKHOCTH MapKHUPOBKHU
MaTepHala Ha BceX 3Tarax oToopa U pernpomayKIuH.

B Poccumn, kak 1 B OOJBITMHCTBE IPYTUX CTpaH, HA HAYAJIBHOM 3Tale CEJICKIMOHHBIX MTPOTrpaMM
aKIIeHT ObUT CIeTIaH Ha MAacCcOBbIN 0TOOp my4mux ("TUTFOCOBBIX') MEPEBhEB U UX TEHETUUYECKYIO
OIICHKY IO MOTOMCTBaM OT CBOOOJHOTO OTBUICHHUS B HCIBITATENBHBIX KyJIbTypax. Pe3ymbrarh

oueHKH 3((HEKTUBHOCTH MacCOBOr0 OTOOpa JaldM NPOTHBOPEYHMBBIC pPE3YIbTaThl, YTO
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OOBSCHSICTCS BBICOKOW (PEHOTUMUYECKONW TUIACTUYHOCTHIO ILTIOC-ICPEBEEB B €CTECTBEHHBIX
YCIIOBUSAX OOWUTaHUS, HU3KOM HACJIEyeMOCTbIO TPU3HAKOB IPHU CEMEHHOM pa3MHOXEHUU,
HEJIOCTATOYHBIM HAyYHBIM COIPOBOXKJIEHUEM MpPOrpaMM W JPyrUMH TpuunHamu. Bmecte ¢
3TUM, W3YYEHUE HCIBITATENIbHBIX KYJIbTYP U MHUPOBOM OIBIT NPUMEHEHUS WHIUBUIYAIbHOU
CEJICKIIMH JIPEBECHBIX PACTEHUI CBUIETEILCTBYIOT O TOM, YTO BTOPOI 3Tan 0TO00pa, OCHOBAaHHBIH
Ha OLEHKAaX IOTOMCTB OT CBOOOJHOIO U KOHTPOJUPYEMOIO OINbUICHHH, JOKEH OBbITh
3HAUUTENBHO A ¢ekTuBHEE TMepBoro. OTMEYaeTcs TakKe, YTO HCIBITATeNbHBIC KYIbTYpPhl U
KJIOHOBbIE  TUIAHTAllMM  IUTIOC-IEPEBbEB —  yIOOHbIE OOBEKThl JUIsl  HMIEHTU(UKALUU
COBPEMEHHBIMU METOJaMH TE€HOB, OTBEUAIOIIMX 3a CEJIEKTUPYEMbIE W AJalNTUBHO BaKHbBIC
NPU3HAKK, U OBICTPOrO BBISABJICHHUS IIEHHBIX T'€HOB M T'€HOTHIIOB MeTojioM "marker-assistant-
selection". Otu u apyrue meroabl (MACHTU(UKAIMU TEHOTUIIOB MO (DEHOTHUIAM C TTOMOIIbIO
"(hOoHOBBIX MPHU3HAKOB", CENEKIMs Ha B3aMMOJCUCTBHE 'TCHOTHII-cpena’, CeleKIus Ha
reTEpO3UC, MUKPOKJIOHAJIbHOE Pa3MHOXKEHHE, "PEIOBEHIIIN3ALNA" U KIIOHOBBIN 0TOOp, U3y4YEHUE
Y UCIOJIb30BaHUE MEXAHU3MOB PETYIALUN PAOOThI SITUTEHOB, TEHOMHAS CEJIEKIIMS U JIP.) IPU UX
JaTbHEHIIIEM Pa3BUTHH U aJI€KBAaTHOM IMPUMEHEHUHU JIOJDKHBI CYIIECTBEHHO YCKOPUTH IPOLIECC
ceneknuu ([parasues, 2007; 2012; Ilyrenuxun, 2008; Kpyrosckuii, 2014). PentabenbHOCTb
CCJICKIIMOHHBIX TIPOTpaMM MOXET OBbITh CYIIECTBEHHO IIOBBHIIICHA M 32 CUYET H3MCHCHUS
MPUOPUTETOB (HAMPABICHHI) CENEKIMM C YYETOM DPBIHOYHOTO CHpOCca; HampuMep, OAHH U3
HanOosee OBICTPO OKYNAeMbIX HANpaBICHUH - OTOOp Ha JEKOPAaTUBHOCTH M CEMEHHYIO
npoayktuBHOCTh (["opomikeBuy, 2008). HekoTopble 13 0OTMEUEHHBIX MEPCIEKTUBHBIX METOJIOB U
HAIPABIICHUH CENIEKIIMU OYAYyT arpoOHPOBaHBI IPH PEIICHUU pacCMaTPUBACMOH 3a1a4u.

Oco00 OTMETHM, YTO B COBPEMEHHBIX YCIOBUAX CEJIEKLIMOHHO YIYYIIEHHBIH [OCAJIOYHBIN
MaTepHal, CyIeCTBEHHO MPEBBIMAIOIIANA IO CTOMMOCTH M KaueCTBY OOBIYHBIH, 1e1eco00pa3Ho
UCIOJIb30BaTh JUIs BBIPAIlMBAHUS LEJNEBbIX IUIAHTALUN MO CHELUAIbHBIM TEXHOJIOTHSIM,
TapaHTHPYIOIIMM BBICOKYIO OKYMaeMocTb. (OCOOCHHOCTH JTHX TEXHOJOTHH: MpPUMEHEHHE
CEJIEKLIMOHHO YJIYYIIEHHOI0 KPYIHOMEPHOr0 MOCAaJOYHOI0 Marepuasa ¢ 3aKpbITbIMU KOPHIMH,
HEBBICOKAasl I'yCTOTa HAaCaXJCHUMH, BHICOKOE IUIOAOPOAME IMOYB Ha YpOBHE HE HMIKE 2-TO Kiacca
6oHuTeTa, cokpameHHblii Ha 30-50% obopor pyOku u np. C y4yeTom 3TOro JOJKHBI OBITH
MIEPEOCMBICIIEHBI "MOJIEH COPTOB", METO/IbI U BO3PACT OTOOPA BBIJAIOUINXCS JIEPEBLEB, & TAKKE
METO/bI UX YCKOPEHHON reHeTUYEeCKOM OLIEHKH B UCIBITATENIbHBIX KYJIbTypax.

Takum oOpa3om, HEOOXOIMMO, ONUPAsICh HAa HMEIOUIMIICS TMepeaoBON ONBIT U CO3JaHHbIE
TeHETUKO-CEJIEKIINOHHbIE W CEMEHOBOJYECKHE OOBEKThI, CYIIECTBEHHO MOACPHU3UPOBATH
MPOrPaMMBbI JISCHOTO CEJICKIIMOHHOTO CEMECHOBOJACTBA W WHTETPUPOBATH MX C TporpaMMamMH
TUTAHTAlMOHHOTO JIecoBOACTBA. OUeBHIHA HEOOXOAMMOCTH MEpexoaa K HOBOW 3(¢heKTUBHOMN
CEeJICKIIUM, IIeJIbI0 KOTOpOM OyneT He abCTpakTHOE 'TeHEeTWYeCKOoe YJydllleHue JiecoB", a
BBIBE/ICHHE BBICOKOMPOIYKTHBHBIX M OOJAJAIOIIMX APYTUMHU IIEHHBIMH CBOWCTBAMHU COPTOB-
HOMYJSIIMM, COPTOB-TUOPUJIOB, COPTOB-IMHMM M COPTOB-KJIOHOB, MpPEIHA3HAYCHHBIX IS
BBIpAIIMBaHUS UCKYCCTBEHHBIX BHICOKOTEXHOJIOTHUHBIX HACAXKICHUN B KOHTPOJIUPYEMOIL cpefe.
[Tpu >TOM HEoOXoaMMO pa3paboTaTh KpUTEPUU U MHAMKATOPbl ONTHUMAaIbHOCTU COOTHOILIEHUS
TUTIONIA/Iel €CTECTBEHHBIX U UCKYCCTBEHHBIX JIECOB IS PA3HBIX PETHOHOB.

O)I(I/I,Z[aCMLIe PE3YJIbTATHI:

OCHOBHBIM pe3yJIbTaTOM TMPEAJIOKEHHBIM MOAIporpaMmMel  OyneT CO3JaHHE€ OCHOB st
pa3paboTku u npuHATH "HannoHaabHON mporpaMMbl U3y4YeHHUs, COXPAaHEHHS U PallMOHAJIBHOTO
WCITOJIb30BaHNUs JIECHBIX TEHETHYECKUX pecypcoB PD".

B pesynbprare uccrnemoBaHH, MPOBEACHHBIX NMpPH pa3paboTKe M IOCIEAYIOIIEH peanu3alnuu
JAHHOW MOJIpOrpaMMbl, OyAyT IMOJIYYEHBI CIENyIOIIHe MPUOPUTETHbIE (YyHIaMEHTAIbHbIE U
NPUKIAJHBIE JOCTIXKEHHMS (B KBaJpaTHBIX CKOOKaXx — O0OBEMBI TOKa3arened B pamKax
MPEeJI0KEHHON MOAMPOrPaMMBbI IIPU YCIOBUU aJIeKBaTHOTO (PMHAHCUPOBAHMS):
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1) xapTbl MNPOCTPAaHCTBEHHOM MONYJISLMOHHON CTPYKTYpbl (C YKa3aHUEM 'TpeIKOBBIX"
MOMYJSIIMKM U LEHTPOB pa3HOOOpasusi) U BHYTPUBUIOBBIX TAKCOHOB JIECOOOPA3yIOLIUX BHUIOB C
OMHCAaHHEM OCHOBHBIX OCOOEHHOCTEH WX TEHETHYECKOW CTPYKTYpbl (IOTUMOP(HOCTD,
reTEPO3UTOTHOCTh, CTENCHb AuddepeHmany u ap.) s 1-2 Bumos];

2) mepedeHb U Teorpadus pacmpoCTpaHEHHS T€HOB M WX KOMIUIEKCOB, KOHTPOJHUPYIOIINX
Han0oJiee BaKHBIE a/IaNITUBHBIE M XO3SMCTBEHHO IICHHBIC NMPU3HaKH [ 1-2 mpu3Haka 1-2 BUaOB];

3) anropuTMBI CENEKIIUN Ha MHTEHCUBHOCTh POCTA, YCTOMYMBOCTH K IMMUTHPYIOUINM (hakTopam,
JIEKOPAaTUBHOCTD U JAPyTU€ NMPU3HAKHU JUIsl pa3InuHbIX BUIOB [ 1-2 anropurmal;

4) ycoBepIICHCTBOBAHHBIE MPaBUIa pyOOK U JIECOBOCCTAHOBJICHHS B Jiecax P®, rapantupyroiue
COXpaHEHHE MX T€HETHMYECKOTO MOTEHIMaja M YCTOWYMBOCTH, a TaK)K€ MOJEPHU3UPOBAHHBIE
METO/Ibl COXPAHEHHUS TEHETHYCCKMX PECYpCOB MeToAaMu 1N Situ 1 X Situ [IIpoeKT mporpammei |

5) copTa, TMHUU W THOPUIBI JUISI CO3JaHUsS IIEJIEBBIX IUIAHTAlMKA JApeBEeCHBIX pacteHmid [10-15
COpPTOB KIIOHOB W THOpPUIOB IO MPHU3HAKAM JACKOPATUBHOCTH, CEMEHHOW MPOIYKTHBHOCTH H
WHTEHCUBHOCTHU POCTa B HAYAJIbHBIN MEpUOJI OHTOTEeHE3a].

OCHOBHBIE MCPOIIPUATHA ITOAIIPOTrPpAMMBI:

1) aHanmM3 M3MEHYMBOCTH KOJMYECTBEHHBIX NPHU3HAKOB PA3IMYHONW NPUPOABI (TaOHTyalbHBIX,
MOP(OJIOrHUECKUX, AHATOMMUYECKUX, (U3NOJOTHUECKUX, (PEHOJOIMYECKUX, OMOXUMHUYECKHUX,
AIUT€HETUYECKUX ), (PEHOB, AJUIO3UMHBIX U paznuuHbiX JJHK-mMapkepoB B ONBITHBIX NOMYJIALUAX
IeHETUKO-CEJIEKIIMOHHBIX OOBEKTOB (reorpaMueckux KyJabTypax, UCIBITATENbHBIX KYJIbTypax,
KJIOHOBBIX M CEMEWCTBEHHBIX IUIAHTAIUSAX IUIIOC-IEPEBbEB) IS BBIABICHUS aJalTUBHO U
CEJICKLIMOHHO BAYKHBIX I€HETUUECKUX U SMUTCHETHUECKUX MapKepOB JeCO00pa3yroliuX BUJIOB;

2) pa3paboTka W peanusanus Ha TpuMepe |-2 MOAENBHBIX BHJIOB JIPEBECHBIX PACTCHUU
METOJIUKH KOMIUJIEKCHBIX (D€HETHUKO-TEHETUUECKUX HCCIEAOBAHNN TOMYISAIIMOHHON CTPYKTYPHI B
MaciTade UX pOCCUIICKUX apealioB;

3) HN3YUCHUC CCTCCTBCHHBIX MCXAHU3MOB TMOAJACPKAHHUA OINTHUMAJIIbHOI'O (a,Z[eKBaTHOFO
JIECOPAaCTUTCIIbHBIM yCJ'IOBI/IHM) TCHOTHUIIMYCCKOI'O COCTaBa HOHy.]'IfIIII/II\/JI N BJIIMAHHA Ha HETO
pPa3InYHbIX CCTCCTBCHHBIX W aAHTPOIIOTCHHBIX (l)aI(TOpOB, MMPpOBCACHUC COOTBCTCTBYIOLIUX
HAaTYPHBIX u KOMITBIOTCPHBIX OKCIICPUMCHTOB C OCJIBIO OIITUMU3 AN nporpamm
COXpaHeHI/IH/KOHCepBaHI/II/I JICCHBIX T'CHCTUYCCKUX PECYPCOB MCTOAAMU in situ u ex SitU, a TaKXKEC
JUIA pa3pa60TI<H IMPUHIUIIOB COXpaHeHI/ISI/BOCHpOI/ISBOI[CTBa JICCHBIX TCHCTHUYCCKUX PECYpPCOB
IIpU JICCOIKCILTYaTalluu U J'ICCOBO306HOBJ'ICHI/II/I;

4) cpaBHUTENbHAS OI[EHKAa T'€HETUYECKON CTPYKTYPHI B €CTECTBEHHBIX M MCKYCCTBEHHBIX JIECax
pa3MYHBIX KAaTerOpuil M KOMIBIOTEPHOE MOJEIMPOBAHUE PUCKOB '"dpo3un reHo(oHIO0B"
MOMYJSAUA C TEIbI0 pa3pabOTKU KPUTEPHEB pa3jelieHUus JIeCOB Ha '"ONTHUMaibHO-BBICOKO-
noIMMOp(HBIE €CTeCTBEHHBIE" U "TeHETUYECKH 00eTHEHHBIE MIaHTallMOHHbIE"

5) OKCIICPUMCHTAJIBHBIC, aHAIUTUYCCKHUEC W HMMHUTAIUOHHBIC HCCIICAOBAHUA II0 000CHOBAaHUIO
OpeJeIbHO  JIOMYCTUMBIX OOBEMOB M TpaBHJ  pa3MCIICHHs IUIAHTAIMOHHBIX  JIECOB,
TapaHTUPYIOIIUX COXPAHEHHE MONYJIAIHOHHON CTPYKTYpbl M TE€HETHYECKOTO IOTEHIHAIA
7ecoo0pa3yroIIX BUIOB;

6) cucremaru3anus JOCTHKEHUH OTEYECTBEHHOTO W MHPOBOTO ONBITA B 00OJACTH JIECHOM
TeHETUKU, TEHOMHKH, CENIEKIIMM W OMOTEXHOJIOTUU C IIENbI0 MOJIEPHHM3AINA W HHTETPAlUd
MIPOTpamMM JIECHOTO COPTOBOTO CEMEHOBO/ICTBA U IJIAHTAIIMOHHOTO JIECOBOICTRA.

ABTOpBI IPOEKTA IPOTrPAMMBI:
Tapaxanos B.B., n.c-Xx.H., nupexrop, 3anagHo-Cudupckuii ¢punuan Mucturyra neca um. B.H. Cykauesa CO PAH;
Topowrkesuy C.H., 1.6.H. 3aB. 1a0., THCTUTYT MOHUTOPHHTA KIMMAaTHIECKUX U 3Kostormyckux cucrem CO PAH;

207



Iloaumos /].B., 0.6.1., 3aB. 1a0., MaCcTUTYT 00MmIEH reneTnky uMm. H.W. BaBunosa PAH;
Kpymosckuit K.B., x.0.H., B.H.C., 3aB. ya0., npod., Mucturyr oOmeir renetmkn wum. H.M. BaswmmoBa PAH,
Cubupckuit @enepansublii YHuBepcureT, [ érTuareHcknii YHuBepcuret, Texacckuit yauBepcureT A&M.

ABTOpBI IPU3HATEIBHBI KOJJIETaM, IPUHSABIINM y4acTHe B 00CYKIECHHN MPOEKTa NPOrpaMMBbl M IIPHUCIABIINM CBOH
MOXKETaHHA:

Buosxuny A.U., n.6.1., B.H.C., UactutyT Ouonoruu Komu HI[ YpO PAH;

Inomogy H.B., 1.0.1., mpod., Mapuiicknii rocyaapCTBEHHBIH YHUBEPCHUTET;

Jlpazasyesy B.A., n.6.H., npod., akax. PAH, A®U PAH;

Jlyxunoii H.B., 1.6.H., npod., nupexrop, LleHTp 1o npobdiemam 5KOJI0TUH U MPOAYKTUBHOCTH JiecoB PAH;
Mumomuny JI.U., 1.6.H., npod., r.H.c., UJ CO PAH;

Mypamosou E.H., 1.0.1., ipod., 3aB.1m1ad., NJI CO PAH,;

Onyuuny A.A., 1.6.1., ipod., nupexrop, 1JI CO PAH;

Opexosoii T.I1. x.0.H., 3aB. cekTopoM, bruonoro-nmousennsit nECTUTYT [IBO PAH;

Cannuxosy C.I1., n.6.1., npod., r.H.c., BC YpO PAH;

Cemepuxosy B.JI., n.0.H., 3aB. 1a0., MTHCTUTYT 3K0I0THN pacTeHUH 1 KUBOTHEIX YpO PAH;

Ilemposoti U.B., n1.6.H., mpod., 3am.1upekropa 1o Hayke, bC YpO PAH,;

Anxosckomy H K., 1.6.1H., mpod., wi.- kopp. PAH, UrctutyT 001m1eii reretnkn uM. H.W. Basunosa PAH.

208



OI'JIABJIEHUE
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bonpnap E.HM., Ilyrunnesa 10.A., Opemxosa H.B., Kpyrosckuii K.B. 3yuenue
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€TI0 PACTIPOCTPAHEHUS .. uveentteenteett et e et e ettt e et e ettt e et e et e et e et e et e eaeenaeeaneas

boponnuxoBa C.B., IIpumnusckas S.B., Hewaesa I10.C., Yymak E.HN.,
AnapuanoBa M.IO. MonekynsapHO-TeHETUYECKUH aHamu3 U UISHTHU(UKAIUS
MONYJISALANA IPEBECHBIX BUIOB PACTEHUM YPAITA ..onutenttiiiiiitiiit it iie e

by6sikuna B.B., Tarapunosa T./l., BacunbeBa U.B., Ilepk A.A., Ilonomapes A.TI.
Hexotopsie GmoxuMuueckre OCOOCHHOCTH JIMCTBEHHHIBI B AKCTPEMAIbHOM KIMMATE
Skytun (Ha TPUMEPE OCTKOB-TETHAPHHOB) ... .uevrnserenenserenensereneserenenseraneneananeens

BapI/IBOIlI/IHa N.H., Mamkuna O.C., Bapusoann B.A. KauectBo npeBecrHbl TOMOMNSA
Y OCHHBI YIIYYIIEHHBIX CEMEKITMOHHBIX (POPM ...enttniinttiteenteateeiteie et eeeaaeaneenaennn
BacuabeBa I'.B., T'opomikeBuu C.H., IletpoBa E.A. Ctpykrypa pazHooOpazus 5-
XBOMHBIX cOCceH EBpa3uu Kak MPOIYKT UX CETUATON IBOIFOIIMH ...uvvenneeneeeneeannaennnnn.
Beauceuu C.H., I'opomkesuu C.H., IlerpoBa E.A., bengep O.I'., Xyropnoii O.B.
CTpyKTypa MapruHajdbHBIX MOMYJSALMN Yy JECHBIX JPEBECHBIX PACTEHUMN: T€HOTUIIBI U
(EHOTUTIBI, POCT W TIOJIOBAsl PEMPOAYKIIHS, MPOIYKTUBHOCTb M YCTOWYMBOCTH (Ha
TPUMEPE KEAPA CHOMPCKOTO) e eeeteneeneeneatent et ett et eeeatete et et et et e et e e eeeneeaenaena
\Bnumcm{ A.I/I.l Hayunble OCHOBBI BOCCTAHOBJIEHHS M COXPAHEHUS JIECHBIX
TEHETHUYECKUX PECYPCOB POCCHU ..ot

‘Bm[mcm{ AN, boponnuxkosa C.B., Ilpumnusckasa S.B. [I'enernueckas
mubdepennmanus ~ MOpPOGEHOTUNMHYECKH  BBIACNEHHBIX  TOMYNAIMA  COCHBI
OOBIKHOBEHHOM HAa BOCTOKE PYCCKOM PABHIHBI ....vveuvttenteeetsenteeneeenneenneennneannenns
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Ky3unenosa I'.B., I'poauuuxas U./1., Makapukosa P.I1., Haymosa H.b., I'pexk B.C.,
JMapukoBa F0.A., I'paueB A.M. O1eHKka aJanTalMOHHBIX BO3MOKHOCTEH KEAPOBBIX
COCEH K pa3JIMYHbIM 3KOJOTMYECKUM (PaKTOpaM B MECTaX UX TECTUPOBAHHUS ...............
Ky3nenoBa H.®. PenpoayktuBnbli moteHiman Pinus sylvestris L. u crparerus
BbDKHMBAHMSI BUJIa B YCIIOBHSIX U TJI00a7TBHOTO UBMEHEHUS KITUMATA ..e'uveneeeneennennennnnn
Ky3bmun C.P., Porosues P.B. Ananu3 paguanbHOro pocta U 0COOEHHOCTEH MOo3/HeH
JPEBECHHBI Y COCHbI OOBIKHOBEHHOH B reorpauueckux KyinbTypax 3amagHod u
(03075302 (517 810) % (0)710) % (U

Kysbmuna H.A., Ky3bmun C.P. J[uHaMuka pocta KIMMaTUIIOB COCHbI OOBIKHOBEHHOM
— KaHUJAaTOB B COPTA-TIOMYNISALUHU B T€OrPAQUUECKUX KYTBTYPAX ..euveneenenenneneenennens
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