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O0600611IeHbI pe3yIbTaThl U3YYSHUSI CUCTEM CEMEHHOTO Pa3MHOXEHUSI COCHbI OObIKHOBEHHOM (Pinus sylves-
tris L.) Ipu UICKyCCTBEHHOM CaMOOITbIJICHUU U CBOOOIHOM orbliIeHUH. [lokazaHo, UTO B ONTUMAaJIbHBIE TO-
IIbl TeHepaTUBHas cdepa COCHbI HAXOAUTCS B pAaBHOBECUU, MPU KOTOPOM TOMYJISILIMN XapaKTEPU3YIOTCS
MHUHUMAIbHBIM YPOBHEM caMO(epTUIbHOCTH (R g = 0.13—0.14). CooTHOLIEHME MEXIY CAMOCTEPUIIbHDBI-
MU (cc), YyacTUIHO caMmodepTIIbHBIMU (4cgh) 1 camodepTibHBIMU (cgh) popMamu cocTasisieT 8cc : 4uce :
legp, nonst uHOpenHoro moTomMcTBa 7—8%. YCTaHOBIEHO, YTO CAaMOOTIBUIEHUE CHIKAET YPOXKANHOCTD 1M -
IIIeK Y MOBBIIIACT UX ITyCTOCEMSIHHOCTD. [1pu caMOOoITbUIEHUN Y CAMOCTEPUIILHBIX (POPM HECOBMECTUMOCTh
BeleT K GOpMUPOBAHUIO 30HBI OTTOPKEHUSI MEXIY MHOPETHOM TbLIbILIEBOI TPYOKOI M HYLIEJIITYCOM U BbI-
3pIBaeT ruoesb 1o 20—30% Myxxckux rameT. Bo BpeMsi paHHero aMOpuoreHe3a IrpuHa 3TOM 30HbBI JOCTH -
raet auaMerpa 1—2 KJieTokK, 4To MPUBOAUT K Tudesin 6osiee 90% MHOPETHBIX 3aPOIBILIEH, CBUAETEIbCTBYS
0 BBICOKOI MHTEHCUBHOCTH TIPOLIECCOB HECOBMECTUMOCTH MEXIIY 3apOIbIIIeEM U SHIO0CcTIepMOM. BrisiBiie-
HO, YTO B €J1a00 aHOMaJIbHbIE TOABI (TEILIble, XOJIOAHBIE), B YMEPEHHYIO U B CUJIbHYIO 3aCyXy YPOBEHb ca-
MOMEPTUIIBHOCTU TTOBBILIACTCSI TTPONOPLIMOHAIILHO CUJIe MIOTOAHOTO CTpecca, MEHSETCS CTPYKTypa BbI-
OOpKU, M0JIsI UHOPEIHBIX TIOTOMCTB ToBbIIaeTcs oT 1/12 1o 1/9, 1/5u 1/3 cooTBeTCTBEHHO. DTO MOATBEP-
XmaeT ydJacTMe MHOpPUIMHIA B amalTallid CeMEHHOro reHogoHma K cpeae oburanus. OOcyxXmaercs
opraHu3alys reHeTUUYEeCKOi CUCTEMBbl HECOBMECTUMOCTH, €€ U3BMEHEHUS TIPU TTePEXOAe OT TOJIOCEMEHHBIX

K ITOKPBITOCEMECHHBIM PAaCTCHUAM.

Karoueswie crosa: cocHa 0GbIKHOBEHHAsT, TeHEpaTUBHAs cpepa, CaMOOIbLIEHHUE, CBOOOIHOE ONBIIEHKE, Ca-

MO EpPTUIIBHOCTh, HECOBMECTHMOCTD
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Bce BuabI IBETKOBBIX PACTEHMI IO OTHOIIEHUIO K
WHOPUIMHTY IPUHATO OEJIMTh HA CaMOCTEPWILHEIC
(SI, self-incompatibility), camodeptunbHbie (SF,
self-fertility) u camocoBMmectumsblie (SC, self-compat-
ibility) Bumbr (East, 1929; Lewis, 1944; De Nettan-
court, 1977, 2001; Vishnyakova, 1989; Surikov, 1991;
Agadzhanyan, 1992; Franklin-Tong, 2008; Rea, Nas-
rallah, 2008; Ferrer, Good, 2012; Zhao et al., 2022; u
ap.). duddepeHuanuist ecTb pe3yJibTaT MHOTOBEKO-
BOT'O DBOJIIOLIMOHHOIO Pa3BUTHUSI T€HETUYECKOM CHU-
CTEMbl HECOBMECTUMOCTH U TI0JIOBOTO BOCIIPOM3BE-
JICHUSI CEMEHHBIX PAaCTeHMI B 11€JIOM, TTPOLIECCHI KO-
TOPBIX J0 CHX MOP MPOAOXKAIOTCS B pa3HbIX 3BEHBSIX
ANGIOSPERMAE. B npupoae HanboJjee IMPOKO
pacmpocTpaHeHbI SI pacTeHusI, KOTOpbIe BCTPEYaloT-
cs1y 39% BunoB u npuHamiexar K 100 cemeiicTBam
(Igic et al., 2008). Habaronaercs nepexon ot SI k SC
cocrosgHuio (De Nettancourt, 2001; Ferrer, Good,
2007; Igic et al., 2008; u np.). 1o manueMm Igic et al.

(2008) motepu SI HeoOGpaTuMbl. [1pUMYMHBI JAHHOTO
deHOMEHA HEM3BECTHEI.

IMToHuMmaHne TeHETUYECKON MPUPOABI HECOBME-
CTUMOCTH, €€ IIPOSIBJICHUS Ha 0ojice HU3KUX CTyIIe-
HSIX OpPTaHM3alIMM BXOIUT B YMCJIO KIIIOUEBBIX IIPO-
O1eM OoTaHUKKU. Bce BMIBI TOIOCEMEHHBIX SIBIISTFOTCS
MEPEKPECTHOOIBUISIIOIIIMMUCS PACTEHUSIMUA. Y HUX,
KakK (DUIOTeHETHYeCKM O0osiee IPEeBHErOo HEIMoCcpen-
CTBEHHO MPEIIECTBYIOIIETO MTOKPHITOCEMEHHBIM TaK-
COHa, TIPU3HAKM HAJIMYMSI CUCTEMbI HECOBMECTUMOCTU
yKe IOJDKHBI IIpUCYTCTBOBaTh. OOHAKO MAHHBIA BO-
IIPOC 0 CHUX ITOP SIBJISIETCS IIPEIMETOM IUCKYCCHU.

ITo onpeneneHUI0 CaMOHECOBMECTUMOCTh — 3TO
HECOCOOHOCTh (PEPTUIILHBIX TepMaPOIUTHBIX Ce-
MEHHBIX PACTEHUI IPOIYLUMPOBATh 3UTOTHI MOCTE
camoornsuieHus (De Nettancourt, 1977). Ecau ucxo-
IUTh W3 JAHHOTO OIIpEIeJIeHUsI, TeHETU4YeCcKasl CU-
cTeMa HECOBMECTUMOCTHU Y TOJIOCEMEHHBIX pacTeHUI
OTCYTCTBYET. MeXaHU3MBbI, TIPEISITCTBYIONINE CAMO-
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ONBUICHUIO, IPOPACTaHUIO COOCTBEHHOM IThUIBIEL 1
CaMOOIUIONOTBOPEHMIO BBIpaXKeHBI cinabo. MHOpm-
JIIMHTOBasl IeTNpeccusl peajnu3yeTcsi B SMOpUOreHe3€e U
XapakTepusyeTcsl BbICOKOH addekTuBHOCThIO. Ko-
IJa J0Jisl CaMOONBIIEHUST B HUXKHEM sIpyce IepeBbeB
paBHa 34%, 4ucio MHOPETHBIX CEMSIH COCTABIISIET
okoJro 5% (Remington, O’Malley, 2000). ITo maHHBIM
V. Koski (1971) ypoBeHb peayKIIMM €Ille BBIIIE: €CIIN
COOCTBEHHAsI IbUIbLIA B TBUIBLIEBOM ITyJIE COCTABIISIET
20%, TO NOJI UHOPEIHOIO MTOTOMCTBA HE ITPEBIIIIAET
1%. TloaTOMy peakLMiO TOJOCEMEHHBIX PACTCHUI Ha
WHOPUIMHT ITPUHSITO OLIEHUBATH I10 YPOBHIO caModep-
TWILHOCTH 1 OIIKCHIBATh KaK SIBJIEHNE caMO(epTUIb-
Hoctu (Park, Fowler, 1984; Pozhidaeva, Isakov, 1989).

B HacTosiiiee BpeMsi HeraTUBHAasi poJib CaMOOTIbI-
JIeHUs1 Ha (pOpMUPOBAaHUE ypoxKasi CEMSIH JOKa3aHa
IJIsT MHOTHUX BHMIOB XBOWHBIX pacteHuii (Johnson,
1945; Kotelova, 1956; Sarvas, 1962; Franklin, 1970;
Park, Fowler, 1984; Willliams, Savollainen, 1996;
Svintsova, 2002; Kuznetsova, 1996, 2012; et al.).
B pa3paboranHoii reHetuyeckoit wmonean Koski
(1971) npuurHa ruGeIn 3aJ0XKeHa B CaMOM 3apO/ibl-
IIIe, CBSI3aHAa C MEPEXOA0M MPU CAMOOTIUIONOTBOPEHNI
peleCCUBHBIX SMOPUOHAIBHBIX JIETAJIE B TOMO3UTOT-
Hoe coctostHMe. JleTanbHBI 3 deKT peannsyercs B
sMOpuroreHe3e, UMeeT TMOJUTeHHOe HaceaoBaHue, B
KOoTOpoM 3aaeictBoBaHbl oT 75 mo 10000 nmokycoB
(Williams et al., 2003).

ens nccieqoBaHnust — 00OOIIMTEL JAaHHBIC DJIEK-
TPOHHO-MUKPOCKOTIMYECKUX UCCIIETOBAHUI U pe-
3yJbTaThl 2-X U 12-JI€THETO OIbITa IO CaMOOMbLIe-
HUIO COCHBI OObIKHOBEeHHOM (Pinus sylvestris L.) nist
omnpeleNecHUsI OCOOCHHOCTe WMHOPUIMHIOBOM Ie-
IIPECCHHU Y CAMOCTE PIILHEBIX (DOPM BO BpeMsi TaMeTO-
reHesa 1 SMOpPUOreHe3a, OLIeHKU CTaOUJIBHOCTH / J1a-
OMJIBHOCTU TIpU3HaKa caMO(epTUIBLHOCTA B OINTHU-
MaJIbHbI€ W 3aCYILJIMBbIE TOMbI, BBISIBICHUS CBSI3Cii
MeXAy IPUpoaoii caMo(epTUIBHOCTH COCHEI U Te-
HETUYECKOM CUCTEMOM HECOBMECTUMOCTH ITOKPHITO-
CEMEHHBIX PACTCHUIA.

MATEPHAJIBI U METO/1bI

OOBEKTOM UCCIETOBAHUS CYXKUIIO TUTTUYHOE 110
BEreTaTMBHOM U CEMEHHOI MPOAYKTUBHOCTH HACaX-
JIeHUE COCHBbI OOBIKHOBEHHOU CTYMUHCKOIO TECT-
oobekTa (BopoHexckasi obactb, PaMoHCKUIA paii-
OH, 55—60-7eTHIE JIeCHBIE KYIbTYPHI, IPUJICTaIOIINe
K BopoHexckomy OuochepHOMy 3allOBEIHUKY).
PaiioH uccienoBaHuii XxapaKTepU3yeTCsl YMEPEHHO-
KOHTUHEHTAJIbHBIM KJIMMAaTOM, JIECOPACTUTEIbHbIE
ycinoBust (TYM A,, COCHSIK TpaBsiHOI) COOTBETCTBY-
0T Ouonoruu Buaa Pinus sylvestris. CTynuHCKuUi
TeCT-00BbEKT — OOBEKT MIMTEIBHOIO MOHUTOPUHTA
(1987—2022 1T.) 1 KOMILUIEKCHBIX UCCIEIOBAHUI CU-
CTEM CEMEHHOTO Pa3MHOXEHUSI COCHBI B ONNTUMAaJlb-
HOIi 30HE BMJIOBOTO apeaJa.

OMBIT MO UCKYCCTBEHHOMY CaMOOTBUICHHIO TIPO-
Bomwin 1mo meronuke H.B. Kotemosoit (Kotelova,
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1956) Ha cayJaitHOM BEIOOpKEe OMHUX U Tex ke 50 me-
peBbeB B TeueHue 12 et (1988—1999 rr.) (Kuznetsova,
2009, 2012). IIpu pa3zpaboTKe ero cXxeMbl Mbl ICXO -
JWJIV U3 TOTO, YTO Y TOJIOCEMEHHBIX PACTEHU I ca-
MO EPTUTBHOCTD SIBJSIETCS CTAOUIBHBIM T€HETU -
YeCKH IeTePMUHUPOBAHHBIM ITpU3HaKOM. B umc-
JIJO 3amad  3IKCHEepUMEHTa BXOAWJIO W3ydeHUeE
CTPYKTYPHI TOITYJISIIINYA COCHBI IT0 YPOBHIO caModep-
TUJIBHOCTH, CTENICHU CTAaOMIBHOCTU / J1aOMIBHOCTU
MpU3HaKa B pa3Hble TOIbI, BKJIala CAMOOITbUICHUSI B
CEeMEHHYIO TMPOAYKIIMIO rojia, poJu WHOPUAMHra B
CUCTEeMe CEMEHHOTO pa3MHOXEHUS BUA.

B mae MeractpoOMIBl N30JIMPOBAIN B ITAKETHI U3
neprameHTa B dase “crosgyas mmmka” (Kotelova,
1956). YTpoM, Korga pelenTUBHOCTD KEHCKUX IIH-
meK B (paze “OTKpbITas HMIMIIKA” OblIa MaKCUMAaJlb-
HOIA, TIPOBOIWJIY MX OIBIJICHUE TTBLIBIION TOIBKO CBOE-
ro nepesa. M3omaropsl cHuManm yepe3 7—10 gHel, Ko-
IIa MeracTpoOMJIbl HaXOOWINCh B (pa3e “3akphITas
muiika”. B 2-JieTHEM 3KCIIepUMEHTE 0 CaMOOMbI-
JICHUIO y4acTBOBaJM 26 nepeBbeB. UMCIIO MeracTpo-
OMJIOB Ha M30JIMPOBAHHBIX U MAPKUPOBAHHBIX KOH-
TPOJBHBIX BETKaX OBLJIO OMMHAKOBBIM, JIMIITHUAE CTPO-
Oomnbl ynarsumich. O0IIee nX KOJIMIECTBO HA MOMEHT
3oty npuHsuiv 3a 100%. CoxpaHHOCTb IIUIIEK
OIpeAeIsLIN €XEeMECSIYHO BIUIOTh 10 UX CO3PEBaHMSI.

Koapduumenr camodeprunbHoctn (K.y) BbI-
YUCJISUTM KaK COOTHOIIIEHUE TPOIIEHTA IMOJHBIX Ce-
MSIH TIpM CaMOOITbJICHUY K aHaJJOTUYHOMY ITOKa3a-
TEJTIO TIPY CBOOOTHOM ONbLUICHUN. [Ilnarma3oH n3MeH-
YUBOCTHU JePEBbEB IO JAaHHOMY MIPU3HAKY pa3ouT Ha
TpU KJacca: camoctepuiibHbie (cc) 0 < K4, < 0.1; va-
cTuaHo-camodepTuibHbie (ucg) 0.1 < Ky < 0.5; ca-
MopepTuiibHble () 0.5 < Ky, < 0.8 u Bbime. lomo
WHOPETHBIX TOTOMCTB B CEMEHHOI MPOMYKIIMU To1a
HaXONWIN IO COOTHOIICHUIO KOJMYECTBAa BBITIOJN-
HEHHbIX MHOPETHBIX CEMSIH K YUCIY ayTOpeaHbIX.
Tongbl MccnemoBaHWIA IO MOTOMHBIM YCIIOBUSIM pac-
MpPENENVUINCh CIEAYIoMM obpasom: 1990, 1994 —
xoJiogHbie, 1996, 1998 — teruible roanl, 1995 — yme-
peHHas 3acyxa, 1991 — cunpHas 3acyxa. OcTajibHbIE
TOJbI COOTBETCTBOBAIN PETMOHAIBHOM HOPME.

CBeTOONTHUYECKIE U JIEKTPOHHO-MUKPOCKOII-
yecKre NCCeq0BaHUs TaMeToreHe3a U SMOpHoreHe -
3a TIpU CaMOOIIBJICHUM U CBOOOTHOM ONBIJICHUU
MPOBOJMJIM Ha CAaMOCTEPUJIBHBIX (cC) M BBICOKO Ca-
MocTepuiibHbIX (6cc, Koy, < 0.03) mepeBbax CTynuH-
CKOM TTONyJISLMU. PacTUTeNbHBIN MaTepUan (GUKCU-
poBaiu 2% TyTapOBBLIM aJIbAETUIOM C JO(PUKcaIUei
1% 0Os0,. [IpemapaThl TOTYTOHKUX W YIBTPATOHKHUX
Cpe30B MpocMaTpUBaIu U (poTtorpacupoBaIu B CBE-
TOBOM MHUKpockorie MBU -6 1 ai1eKTpOHHOM MUKPO-
ckorre Tesla BS-613.

PE3VJIBTATHI

YCTaHOBIEHO, UTO B ONTUMAJIbHbIE TOIBI IJISI pe-
aKIIUM COCHBbI Ha MHOPUIVHT XapaKTepeH BBICOKUIA
BHYTPUNONYJISIHMOHHBIN Tonumopdusm  (0—0.75).
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Cpennmii K 4, BHIGOPKY BapbUPYET B Y3KUX MpeIeIax
0.13—0.14. IMokazarenu K 4, MHAMBUIYATbHBIX d€pPE-
BbEB B pa3Hble ONTUMAaJbHbIE TOAbl U3MEHSIIOTCS B
HeOoJbIIMX Npeaeiax. PaHroBoe mojoxeHue aepeBa
B BBIOOpPKE JOBOJIbHO MOCTOSIHHO, KO3((MUIIMEHT
panxroBoii koppensunu CrimpmeHa 0.89—0.96. CHu-
JKEeHME ypoxasi CEeMSIH MPU CaMOOITbLIEHUN COCTaB-
qsiet 12—15 pa3s. Jlonst MHOpemHbIX CEMSIH B CEMEH-
HOIT TIponykmuu roma paBHa 8.7% (puc. 1). Bonee
90% nepeBbEB OTPUIIATEILHO pearnupyeT Ha caMo-
omnbuieHUe. Bbicokasi TOBTOpSIEeMOCTh MoKazareJieit u
OMHOTUITHASI CTPYKTypa BBIOOPKM B pa3HbIC OMNTHU-
MaJibHble TOIbl CBUAETEIBCTBYIOT, 4YTO camoddep-
TUIBHOCTh SIBJISIETCSI TeHETUYECKHU OOYCIOBICHHBIM
npusHakoM. PacripeaeneHne reHOTUNIOB B BBIOOPKE
MpeaCTaBIsieT aCUMMETPUYHYIO KPUBYIO C MAKCUMY-
MOM B 00JlacTU caMocTepuibHbIX hopM. TIporieHT-
HO€ COOTHOILIIEHUE MeXAy cc, ycgh u cgh popmMamu mo
CYMMapHBbIM HTAHHBIM 6 ONTUMAIbHBIX JIET PaBHO
~8cc : 4uceh - legp. Nonst cghp dopMm cocrasisier 7—8%.
61% nepeBbeB BLIOOPKU — aBTOCTEPUIIbHBIE (DOPMBI.

Tunporepmuyeckuii cTpecc BHIBOOAUT CUCTEMY Ce-
MEHHOTO Pa3MHOXEHMs U3 paBHOBECUSsI, TTOBBIIIIACT
JIaOMJILHOCTH IEPEBBEB 10 YPOBHIO caMO(pEePTUITHHO -
ctu. Ilokaszano, 9yTo camMoepTUIBHOCTE SIBISETCS
CTaOMJIbHBIM IPU3HAKOM TOJIBKO B OIITUMAILHBIE TO-
Obl. IIpy OTKIIOHEHMM KIMMAaTUYECKUX YCIOBHUI OT
PErMOHAIbHOW HOPMBI co3faeTcs HoBasg mozxa K.
YcTraHOBJIEHBI BBICOKASI UyBCTBUTEIBLHOCTD MPU3HA-
Ka K TIOTOIHOMY CTpecCcy W pas3Hasi peaklusi KOH-
TPACTHBIX TPYIN JepeBbeB Ha €ro BO3ACHCTBUE.
Cpennwii K4, BHIGOPKY TIPY MOBBILIEHUN U TTOHUXE-
HUU TEeMIIEpaTypHOIO peXrMa M3MEHSIETCS TOJBKO
OMHOHAMpPABJICHHO — B CTOPOHY YBEJIMUECHUSI CaMO-
deprunbHOCTU. [TOoBBIIEHHAs TAOMIBHOCTH HA0JIIO-
JlaeTcsl B TPyIINe cc AEpPeBbeB, a caMasi HU3Kasi — B
rpynre cg. Ilo Mepe ycuyieHus1 IOrogHOro crpecca
TpaHC(OPMUPYETCS CTPYKTYpa MOMYJISILIUY IO YPOB-
HIO caMO(EPTUIbHOCTU U YBEJIMYMUBACTCS O0JISI UH-
OpenHbIX ceMsiH (puc. 10, B, T). B xonogHble u Ter-
Jible Toaibl cpeaHuit K4 BBIOOPKHU TMOBBICUIICS MTOYTH B
1.5 paza — ¢ 0.13—0.14 mo 0.18—0.21. CooTHoI11eH1E
Mexny popmamu craio 4cc : 8ucg : legh. B ymepeH-
HYIO 3aCyXy MojaalbHOe 3HaueHue Ky MpeBbICHIIO
YpPOBEHb ONNTUMAJILHBIX JIET BTpoe u coctaBuio 0.38.
Hons cc, uegh v cgp popm crana onmHakoBoii. B cuib-
HYIO 3acyXy Belm4MHa cpeaHero Ky mocruria 0.58.
CrpyKTypa BEIOOPKHY NPpUHSIA aCUMMETPUYHBIN BUI
10 OTHOIIIEHMIO K ONTUMaJbHBIM rogam (lcc : luce :
2cgp). COOTBETCTBEHHO YBEIMYMBAJIACh M TOJISI MH-
OpenHBIX ceMsH. Tak, eciii ”HOpeTHOE ITOTOMCTBO B
reHo(oHIe ONTUMAIbHBIX JIET COCTaBisLio 1/12—
1/14 9acTh, TO B aHOMAaJIbHBIE TOIBI MX T0JIsI ITOBBICH-
Jack 1o 1/9, 1/5, 1/3 (COOTBETCTBEHHO TEILIbIE, YMe-
peHHasl M CHJIbHAs 3acyxa). B Temible u XOJIOmHBIE
TOIbI MOJISI THOPEMHBIX CEMSIH YBEJIMYWIACh B Cpell-
HeM 10 11% (puc. 16). B ymepeHHyI0 3acyXy, Korma
YPOXAMHOCTh COCHBbI CHHU3WJIACh BIBOE, BKJIAA WH-
6punuHTa yBemmamiics no 21% (puc. 18). B cuipHyO

KY3HEILIOBA

(@)

[0 unOGpenHoe
M ayTOpenHoe IIOTOMCTBO

(®) I N ®

Puc. 1. Jlonst ”HOpETHOTO MOTOMCTBA COCHBI OOBIKHO-
BEHHOI1 B pa3HbI€e 10 MTOTOIHBIM YCJIOBUSIM T'O/IbI: a — OIl-
TUMaJIbHbIE TOIbI; 6 — XOJIONHBLIE U TEIUIBIE TOAbI; B —
yMepeHHast 3acyxa; I — CUJIbHasl 3acyxa.

Fig. 1. Share of inbred progeny of Scots pine in years with dif-
ferent weather conditions: a — optimal years; 6 — cold and
warm years; B — moderate drought; r — severe drought.

3acyxy (5-kpaTHas pemayKlius ypoxKasi)) MHOpeIHbIe
T€HOTUIIbI COCTaBWIN 1/3 OT 4mciia BBDKMBIIUX Ce-
MsH (puc. 1r). BaxkHO OTMETUTb, UTO MOAABJISIOIIAS
YacTb CEMEHHOTro reHo(oHAa BCe 3T Tofbl TTO MPOKC-
XOXKIEHUIO OBUTO ayTOPEIHBIM IIOTOMCTBOM (puc. 1).

O pa3HoIi TeHEeTUYeCKOM Mpupoae cc (TUMAYHBIX
MEPEKPECTHUKOB) U ucgh + cgh (MMOTEHLIMATBbHBIX Ca-
MOOMNbLUINTENEl) POPM MOXKHO CYOIUTh MO BEJIMUMHE
OTKJIMKa Ha moroaHblii ctpecc (Kuznetsova, 2012).
Ero onpenensiiv y JaHHBIX TPYIII AEPEBLEB 110 CPE-
Hemy K, KOTODBIA y cc 1 ucgh + cgp popm B onru-
MajibHble Tombl coctabistii 0.056 u 0.362 coorBeT-
cTBeHHO. /laHHbIe 3HaYeHUs MBI npuHsH 3a 100%.
Oxa3zaJioch, 9To B TermroM 1998 1., Korga TuInb HaMme-
TUIACh TEHACHIUS CHIDKEHUS ypoXKasi COCHBI, Cpel-
Huii K4, IepeBbeB cc rpyIibl HOBbICKHICA B 1.5 pasa,
ay ucgh + cgp rpynmsl Toabko Ha 20%. Bonee siBHBIE
paz3nauyuus HabaoaaaIuch B yMEpPEHHYIO 3acyxy 1995 1.
B sT0T ron BenuyuHa caBura coctaBuia 3.8 pasza s
cc 1 54.8% nisg ucgh + cgh dopm.

Peakiiust cOCHBI Ha CaMOOTIbUIEHYE B IIPOTaMHbBIIA
nepuoi 1M3ydajaach Ha OTOEIbHOM OMBITE IO CaMO-
onbuieHuto. Tonpl ero mpoBeneHus (1987—1988 u
1988—1989 rr.) ObLIM ONTUMATBHBIMU IO MOTOTHBIM
ycaoBUsSIM. JIMHaMMKa COXpaHHOCTU IIMIIEK 1- 1 2-ro
roga pasBUTUSI MPU CAMOONBIJIECHUW U CBOOOTHOM
ombuieHUu B 1987—1988 rr. mpuBeneHa Ha puc. 2.
[MonyyeHHBIE TaHHBIE CBUACTEIBCTBYIOT O HEPaBHO-
MEPHOI peAyKIIMU UX YUCJIa B IEPUOA MEXIY OIIbLIE-
HIEM METracTpOOMIIOB M COOPOM IIUIIIEK. YCTAaHOBJICHBI
JIBa MUYKa onaia IIMILIEK: MEPBbI MPUXOAUTCSI HA BTOPOI
MeCSI1L TToc/ie OMbLIeHMs (TIepUoM, Pa3BUTHS TTHUIBLIEBBIX
TpYyOOK), BTOPOIi — Ha Maii CJISAYIOIIETO rofa (BbIXOI I~
IIIeK M3 COCTOSTHUS TT0KOsT). Paznmumst Mexmy BapraHTa-
MU ONbUICHUSI IIPOSIBWIMCH Ha BTOPOM MECSIl IT0CTe
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Puc. 2. CoxpaHHOCTb IINIIIEK COCHBI OOBIKHOBEHHO 10~
CJIe CaMOOMBbLIEHUSI U CBOOOJHOTO OMbLICHMUSI.

Fig. 2. Persistence of Scots pine cones after self-pollina-
tion and open pollination.

OIbUICHUSI, U COXPAHSITUCH BILJIOTh JI0 CO3PEBAHUSI 11U~
1rek. B omnbite 1987 1. COXpaHHOCTD IIMIIEK ObLIA BBIILIE
Ha 28.8% 1ipy CBOOOIHOM OIBUICHUH, YeM MPU CaMO-
onbUleHUU. Pa3smax BapbMpoBaHUS MPU3HAKa OT 6 10
94%. B 1988 T. pasHMIIa MeXIy TUIIAMU OTbIICHUSI CO-
craBwia 25%, 4TO CBUIETEIBCTBYET O HAIMIMU MHOPH-
JMHTOBOM IeNPECCUN MEXITY IbUIbLIEBOM TPyOKOi1 1 Hy-
LIEJUTYCOM B IO/l OTIbLICHMUSI.

DIEeKTPOHHO-MUKPOCKOTIMYECKOE M3YyUYeHUE 30-
HBI KOHTaKTa MbUIbLEBBIX TPYOOK C HYLIEJUTYCOM ITPO-
BOJMJIOCH ITPU IByX BapUaHTaX OIbIJICHUST — CAMOOTIIbI-
JICHUM 1 CBOOOMHOM ombuUleHUU. VX pa3ButHe B rof
OITbUICHUS IPUHSITO IoApa3nesisaTh Ha 5 mepuonoB (Ko-
telova, Khromova, 1974): 1) npopactaHue U UHTEHCUB-
HOE€ BHeIpeHHe; 2) Hepa3BEeTBICHHBI POCT TPyOOK;
3) BeTBJIeHUE KOHUMKA TPyOKU; 4) pe3Koe yMeHbllle-
HUe pocTa; 5) nepuond nokosi. Ha puc. 3 nokaszaHa
YIBTPACTPYKTypa MbUIbLIEBBIX TPYOOK MPU CAMOOTIbI-
JICHUU U CBOOOJHOM OITbICHUU B Hayaje 2-ro U B
KOHIIe 3-T0 Tiepuoaa GopMHUPOBAHUS HA TPUMEPE NX
passutua y écc nepesa Ne 81 (K4, = 0.01). [Noxazano,
YTO MOCJIE TIepeXoa BeTeTaTUBHOMN KIIETKU TTBIIBIIBI
B HYLICJUIYC OTJIOKEHUSI KaJIJIO3bl HA €€ 000JI0UKe OT-
cyTcTBYIOT (puc. 3a). K koHI11y 3-T0 neproaa 000104~
Ka yTOJIIIAeTCsl, Ha TpaHUIIE C HYLE/UTYCOM BUIHBI
HeOOoJIbIIE OTIOKEeHMS KaJuto3kl. I[IpusHakm nerpa-
JTalM LIMTOIDIa3MBbI OTCYTCTBYIOT (puc. 30). ITpu camo-
OINBUICHUM 30HAa OTTOPXKEHUS MeXIy WHOpeTHOIM
MbUIBLIEBOI TPYOKOM U HYLIEJUTYCOM HauMHAET (hOPMHU-
poBaThCs BO 2-M Mepuoie, cpasy Iocie nepexojia ¢ aB-
TOTpOHOIO0 Ha TreTepOTPOGHLIA CHOCOO NUTAHUS
(puc. 3B). Ilo-BuauMoMy, WHOpemHbIE TTbLUIbLICBbIE
TPYOKM MOTYT VCITOJIB30BaTh IS CBOE TPOMUKH JIUIITH
YaCTh KOMITOHEHTOB MTUTaTeIbHOI TKaHU. OCTaIbHbIE B
YCIOBUSIX Jerpajallii HAaKaIIMBAIOTCSI Ha TpaHUIIe,
BBI3bIBAasI OCTAHOBKY POCTa U TEPEXOd B COCTOSTHUE
nokosi, uiau rudenb. [MokazaHo, YTO MHTEHCUBHOCTh
peakinii HECCOBMECTUMOCTHU B MPOTaMHbIN MepUO, He-
JIOCTaTOYHA IS UHTUOUPOBAHMS Pa3BUTHS OOJIBIIH-
cTBa TpyOOK. [103TOMY OHU YCTIEBaIOT 3aBEPIIUTD LIMKJI
CBOETO pa3BUTHsI, BO3OOHOBJISIIOT POCT BECHOM CIIeIy-
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Puc. 3. YapTpacTpykKTypa 30HBI KOHTaKTa MEXIY
ObUIBLIEBOM TPYOKO M HYLIEUIYCOM Y CAMOCTEPUJIb-
HBIX (OPM COCHBI OOBIKHOBEHHOM IOCe ee Tpopac-
TaHUS U B KOHILE 1-ro BEreTallMOHHOIO Ce30Ha Mpu
CBOOOOHOM OmNbLIeHUU (a, 0) U CaMOOITbUIEHUH (B, T).
IIT — neubLieBas Tpyoka, H — Hyuennyc.

Fig. 3. Ultrastructure of the pollen tube to nucellus
contact zone in self-sterile forms of Scots pine after its
germination and at the end of 1st vegetation season in
open pollination (a, 6) and self-pollination (B, r).

IIT — pollen tube, H — nucellus.

FOIIIETO TOa M YYaCTBYIOT B OIUIOAOTBOpeHMM. [1orno-
ITME MTBUIBIIEBbIE TPYOKM CHApY>K1 1 YaCTO U3HYTPH 3a-
MOJIHEHBI Kajiio3oii. Ee oTnoxeHus1 HaOmomaroTcs
BOKPYT OJIM3IEeXAIIMX KJIETOK Hyle/uTyca, 4TO CBU-
JIeTeJIbCTBYET O HECOBMECTMMOCTHU TKaHeli (puc. 3r).

I1pu cBOOOTHOM OTIBUICHUM Y 8¢C IEPEBHEB B OII-
TUMaJbHBIE TOABI (hopMUpyeTcs B cpenHeM 23—24 ce-
MSH Ha IIMIIKY, YPOBEHb ITOJIHO3EPHUCTOCTU BBI-
6opku KosebaeTca B npeaenax 80—92%. INpu camo-
OIbUIEHWH TTOJABJISIIONIEE YMCIIO IIUIIEK Y AePEBbEB
JaHHOM TPYIIbI MycToceMsIHHbIC. KomuecTBO BHI-
KUBIIMX CeMSIH HE MpeBbIIaeT 1—2, ocTaabHbIE —
MycThle Karcyibl. Kamcyinbl, KaKk mpaBWIO, UMEIOT
pa3Mephbl BBIITOJTHEHHBIX CEMSIH CBOETO AepeBa, oI~
TBEpKIasi, 4YTO OIUIOJOTBOPEHUE UMEIO MECTO.
DTO JaJI0 HAM OCHOBAaHUE CYMTATh, YTO MHOPUIUH-
rosasi JeTpeccus B Iepruo dSMOpHoreHe3a siBIIsIeTCs
OCHOBHOIT MIpUYMHOI NX TMOEN.
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DMOpHOreHe3 TOJIOCEMEHHBIX paCTeHUI BKIII0Ya-
eT IIPO3MOpUOTEeHEe3, pAaHHUI 1 TTIO3MHUI SMOpHore-
He3 (Singh, 1978, Kozubov et al., 1982). DnexTpoH-
HO-MUKPOCKOMUUYECKUE HCCaeaoBaHus ecc ¢Gopm
MOATBEPAUIN, YTO WHOPUAMHIOBAsl OeMpeccust y
COCHBI peaJiu3yeTcsl BO BpeMsl paHHETo dBMOpUOTeHe-
3a. CpaBHUTENIbHOE W3y4YeHUE IIPOIMOpUOreHe3a
MPY CaMOONBUICHUU U CBOOOIHOM OITbIJIEHU MOKa-
3aJ10, YTO TMbesb 3apObIIICii B 3TOT IePUOI ITPOUC-
XOJUT PEIKO U HE CBsI3aHa ¢ TUITOM OTbLIeHUsI. Tak-
K€ He BBISIBIEHO HapylIeHUIl B yJAbTPACTPYKType
KJIETOK 3apoJiblilia cpa3y Mocje BbIX0Ja €ro B KOppo-
3MOHHYIO TTOJIOCTb.

ITokazaHo, 4TO B XO/ie paHHETO 3MOpHOTeHe3a Ha
rpaHUlle MEXIY ayTOpPeTHBIM 3apOAbILIeM U DHIO-
crepMoM HauynHaeT (GOpMUPOBATHCI M3OISILIUOH-
HBI cinoii (puc. 4a). Ero mmmpunHa B riepuon Heaud-
¢depeHIMPOBAHHOTO POCTA MTOCTEIIEHHO YBEIUYMBa-
ercst (puc. 40), He TPEMSTCTBYS]I aKTUBHOMY POCTY
3apojbillia, U He Hapyllasl ero Tpopuueckyro hyHK-
nuro. JIaHHBINA CIIOM, IO Mepe YTONMIICHMS, K KOHIIY
paHHero 3MOpUOreHe3a OrpaHUYMBACT POCT 3aPOJIbI-
111a, MTHULIMMPYET MPOLIeCChl BHyTpeHHen muddepeH-
oauny, GopMHUpPOBaHUS SMOPHUOHAIIBHBIX CTPYKTYP U
Tepexo B COCTOSTHHE (DU3UOJIOTMYECKOTO MTOKOSI.

IIpu camoomnbLIeHUU cc U 0COOEHHO 6cgh hopm
HaOJonaeTcst nHas cutyanus. Ha MukporpamMmme ot-
YeTJIMBO BUIHO, KaK MPOUCXOIUT OTTOPXKEHUE UH-
OpeaHoro 3apojblilia B 30HE KOHTAKTa ¢ 9HI0CTIep-
MoM (puc. 4B). Mexny HUMHM HE yCTaHABJIMBAETCS
HOpPMAaJIbHBIIT 0OMEH BEIEeCTB M3-3a HECOBMECTUMO-
CTU TKaHel. B kieTkax sHmocriepMa oTMevaeTcst ya-
cTUYHasl hparMeHTaIus rpaHya Kpaxmania, 4To CBU-
JIeTeJIbCTBYET O HApYLIEHUHU €ro OTTOKa U3 IIACTUI.
JIuib He3HauUUTEeIbHAs YaCTh MUTATEIbHBIX BEILIECTB
MOIJIOIIAETCs, a OCTAIbHbIE B YCJIOBUSIX leTpanaluu
CTPEMUTETLHO HAKAIUIMBAIOTCS BOKPYT 3apOIbIIIe-
BOro KkomIuiekca (puc. 48). U30sIIMOHHBIN CJI0i1 ya-
CTO JOCTUTraeT TOMIIMHBI 1—2 KieTok (puc. 4r).
OH TOJIHOCTBIO OTHESET MHOPEIHBIN 3apOMABIII OT
MUTATEIbHBIX BEIIECTB 3HIOCIIEpMa, YTO OOYCJIOB-
JiuBaet ero rubenp. [1o HamMM HaHHBIM, Y cc HPopM
BO BpeMsl paHHero aMbpuoreHe3a norubaet go 90%
WHOpETHBIX 3apoableii, y ecgp — 95—100%. Cranus
TUOEeM ompenessieTcsl CTEeNeHbIO (hPU3MOJTOTrNMYECKO
HECOBMECTUMOCTHU B CUCTEME “3apOJIbIIII—3HAOCIIEPM”
B epuoj paHHero aMbpuroreHesa. B nepudepuitHbix
KJIeTKaxX BHAOCMEpMa YJIbTPACTPYKTYPHBIX U3MEHEe-
HUI1 B 5TO BpeMsI He HabmomaeTcs. TkaHb 9HIOCIIep-
Ma, KaK TIpaBUJjIo, NeTpagupyeT IMOCIeIHE .

OBCYXIEHHWNE

TeHeTMYECKN KOHTpPOJUpyeMash HECOBMECTH-
MOCTb — CJIOKHAasi MHOTOYPOBHEBasi CHCTEMa IIO
MIPENOTBPAIEHUAIO CIUSIHUA OJU3KOPOACTBEHHBIX
raMeT, KOTopasi IIPEICTaBIeHa ¥ ITOKPBITOCEMEHHBIX
pacTeHUil pasHbBIMU TUaMu U MexaHusMmamu (De
Nettancourt, 1977; Rea, Nasrallah, 2008). OcHoB-
HBIM apryMEHTOM OTCYTCTBUS Y TOJIOCEMEHHbBIX pac-

KY3HELOBA

Puc. 4. YabTpacTpyKTypa 30HBI KOHTAaKTa 3apObIIla C
9HAOCTIEPMOM Y CAMOCTEPUIBHBIX (HOPM COCHBI OOBIKHO-
BEHHOI B HayaJie ¥ B KOHIIe paHHero 3MOpuoreHe3a npu
CaMOOMbLUIEHUU U CBOOOIHOM OMNbLICHUH.

3 — 3apofpblll, D — 3HAOCIIEPM.

Fig. 4. Ultrastructure of the embryo to endosperm contact
zone in self-sterile forms of Scots pine at the beginning and
the end of early embryogenesis in self-pollination and
open pollination.

3 — embryo, B — endosperm.

TEHUI CUCTEMBI HECOBMECTUMOCTH SIBJISIETCS TO, UTO
MHOpeaHas NbLIblIa CIOCOOHA IIpopacTaTh Ha HyLIEI-
JIyce U Y4acTBOBAaTh B OILUIONOTBOpeHUU. HecMoTps
Ha TO YTO HEKOTOPHIE aBTOPHI ITLITAJINCH BBISIBUTH Y
XBOWHBIX pacTeHUN (PU3MOJIOTUIECKUN Oapbep He-
COBMECTHMOCTH, MOAOOHBII TOMY, KaKOi CyIIeCTBY-
eT y HOKpbITOceMeHHBIX pacTeHuit (Hagman, Mikko-
la, 1963; Dogra, 1967), mpupoma MHOPUIMHIOBO JIe-
nopeccur J0 CHX TIOp SBJsSIeTCS IPEeaIMETOM
JUCKycCUU. BeposiTHOCTh caMOOTBIJIEHUST JOBOJIbHO
Besinka. BpeMeHHBIe MHTepBallbl peleNTUBHBIX (ha3
MYKCKUX 1 XXEHCKHUX CTPOOUJIOB MEPEKPhIBAIOTCS, a
MEXaHU3MBbI, TPEMSTCTBYIOIIME IMOMagaHuK COo0-
CTBEHHOM IMBUIBLILI B MBLIBLIEBYIO KaMepy, C1a00 BbI-
paxeHbl. Pasanums B CKOPOCTU pocTa MHOPEIHBIX
OBUIBLIEBBIX TPYOOK IO CPaBHEHUIO C ayTOpEIHBIMU
HEeIO0CTAaTOUHBI U151 OCTAHOBKM UX Pa3BUTUS, 0OecTie-
BOTAHUYECKWM XYPHAJT  tom 108
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4yyBasi, TAKUM 00pa30M, CUHIAMUIO TaMET IIPU CaMO-
omnblieHUHM (Sarvas, 1962).

ITockonbKy AEeCTPYKTUBHBIE U3MEHEHUS TIpU ca-
MOOMBUICHUH TIPUYPOUYECHBI K SMOPUOTEeHE3Y, TO ObI-
JIO BBICKA3aHO IIPEAIIOJIOXEHHWEe, YTO IIPUYMHA WH-
OpPMAMHIOBOM NEIIPECCUM y TOJIOCEMEHHBIX pacTe-
HHUI 0OycJIOBJIEHA HapyllleHneM (pU3UOJIOTHIECKOMN
CBSI3U MEXIy 3apoiblilieM U 3HaocepMoM (Mergen
et al., 1965; Dogra, 1967; Bramlett, Popham, 1971;
Koski, 1971; u gp.). Ha stoit ocHoBe B 70-x romax
IIPOIIIOTO CTOJIETUS ObLIa pa3paboTaHa TEOPHS M-
OpuoHanbpHBIX Jetaneir (Bramlett, Popham, 1971;
Koski, 1971), cormacHO KOTOpPOI MOMYJISIIIUA COAEP-
>KaT 3HAYMUTEJIbHOE KOJUYECTBO JETATbHBIX U CybJie-
TaJIbHBIX T€HOB (3MOPUOHAIBHBIX JIeTaJeit), HaXosI-
IIUXCS B TETEPO3UTOTHOM COCTOSITHUM B BUJI€ CKPbI-
TOTO TE€HETUYECKOro rpy3a. llpum caMoonbLIeHUU
SMOpPHOHAIBHEIE JIETAJIN IIEPEXOASAT B TOMO3UTOTHOE
COCTOSIHHE W BBI3BIBAIOT OCTAHOBKY Pa3BUTHS 3apO-
neimeit. CorracHO JaHHOW KOHUEITLMU HapyIIeHUSs
GU3NOTOTMUECKUX CBSI3€i CBOAWINCH K BHYTPEHHEH
MPUYMHE U 3AJIOXKEHBI B TeHETUYECKOU KOHCTUTYIIUN
caMoro 3apoppliia. B atoM ciiyyae rubenb ceMsiH
JIOJDKHA HAUYMHATBCS C Ierpadalliid MHOPETHOTIo 3a-
ponsiira. MaTtepuajibl HalllMX MCCISIOBAHUMN MOKa-
3aJIM, YTO MHOPUIMHIOBAsI AeTpeccus y cc hopM CoC-
HbI TMPOSIBISETCS B JPYroil IOCIEA0BaTEIbHOCTU:
BHayvasie (GOpMHUPYETCsI 30HA OTTOPXKEHUST MEXY 3a-
pOIBIIIEM W HIOCIEPMOM, 3aTeM IOTMOAeT 3apo-
JIBIII, ¥ TOJIBKO IIOCJIEe HEro HauMHaeT pa3pyllaThCs
SHIIOCIIEPM, YTO He YKJIAAbIBAETCS B TEOPUIO SMOPU-
OHAJIbHBIX JieTajieil. MoJeKyasapHO-TeHeTUIeCKUIA
aHaJIM3 U3MEHYMBOCTU B XBO€ COCHbI OOBIKHOBEH-
HOIl aJUIO3UMHBIX JIOKYCOB BBISIBUJI JOCTOBEPHYIO
CBSI3b MEXIY YPOBHEM CaMOMEPTUIIBHOCTH Y UHIVUBU-
JIyaJIbHOM T€TePO3UTOTHOCTBIO: BEICOKO CaMOCTEPUIIb-
HBIE JEPEBbs OKA3aJIMCh Han0oJIee TOMO3UTOTHEIMMU, a
BBICOKO caMO(epTWIbHBIE — BBICOKOT€TEPO3UTOTHHI-
mu (Isakov, Semerikov, 1997). IlonyyeHHbIe TaHHbIE
MOKHO OOBSICHUTB, €CJI JOITYCTUTb, YTO MPUpOIa ca-
MOGEepPTWILHOCTU CBsI3aHa C ACCTBUEM I€HETUYECKOMN
CHCTEMbI HECOBMECTMMOCTH B IIEPUO SMOPHOreHe3a.

DKOJIOTMYECKYIO 3aBUCHUMOCTb M BBICOKYIO UyB-
CTBUTEJIBHOCTH ITpU3HaKa caMOMepTUIILHOCTU K MO~
ronHoMy ctpeccy (Kuznetsova, 2009, 2012) Takke
HeJIb3sl OOBSICHUTD MO TEOPUM IMOPUOHATIBHBIX JIe-
Tajeii. DMOpUoreHes3 MPoOTeKaeT BHYTPU AJOCTUTIINX
OKOHYATEJILHOTO pa3Mepa IIMIIEK, MO3TOMY €ro
MIpOoIIeCC B MEHbIIIeH CTeIeHN MOABEPKEeH KOJIeOaHM -
IM KimMMaTa. DOMOpHOHAJIbHEIC JIETAIA TIPU CaMO-
OMNBIJICHUU cc 1 OCOOEHHO 6cc (POPM TOIKHBI BbI3bI-
BaTh OYEHb INIYOOKME HapYIIEHUS TTPOrpaMMbl pas3-
BUTHS 3apObIIIeii 1 HEM30EKHO BECTH MX K THOeIn
BHE 3aBHMCHMOCTH OT IIOTOOHEIX ycioBuii. [Ipsimast
3aBUCUMOCTD peaKIiii HECOBMECTUMOCTHU OT TeMIIe-
paTyphl OITMicaHa y IIBETKOBBIX pacTeHnit E.M. East
(1929): MakcuManbHbBINA YPOBEHDb TP ONTUMATIbHOMN
TeMmIieparype, CHUXXKeH1Ue MTHTEHCUBHOCTU TTpU GoJiee
HU3KOM U BBICOKOM TeMIIepaTypHOM pPEXUME, UTO
4acTO UCMOJIb3YeTCs B CEJIEKIIMOHHON MpaKTUKe sl
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npeoaojieHust 6apbepoB HecoBMecTUMocTH (Malets-
kiy, Denisova, 1974). AHaJIOTUUHBII OTKJIMK Ha TO-
TOIHBII CTpecc BhIsIBICH y cocHBI (Kuznetsova, 2012):
Hu3KKe nokasarenu K.y, B onTtuManbHble Tofbl, 60-
Jiee BBICOKME — B XOJIOMHBIE U TETJIble TOAbI, CaMble
BBICOKHE — B CHUTBHYIO 3aCyXYy.

ITokazano, yto SC GopMBI MOKPBITOCEMEHHBIX
UMEIOT CEJIEKTUBHOE MPEUMYIIIECTBO B PE3KO MEHSI-
oleiicss HebJIaronpusTHOM cpene, obecneuynBast OT-
HOCUTEIBbHYIO CTAOMJIILHOCTD TJIOIOHOIIIEHUSI pacTe-
Huit (Agadzhanyan, 1992). B onbiTax 1o XuMu4yecko-
My MyTareHedy HaMWU IIOJy4deH Takoil ke 3ddexT
(Mashkina et al., 2009; Kuznetsova, Mashkina, 2011).
CeMeHa OT CBOOOIHOTO OIMbUICHUS ¢C U cgh NepeBbeB
COCHBI OOBIKHOBEHHOI ObLIM 00pabOoTaHbI XUMUYE-
ckumu myrtareHamu HIIMM, HMM, IMC B KOH-
nentpamuu 0.1%. WMccrmenoBaHusT TIpOBOIWIINCH B
oHToreHese (M) u npu cmeHe nokoJjieHuit (M,) c
YUYETOM TF€HETUYECKMX OCOOEHHOCTE MaTepUHCKUX
JIepeBbEB. YCTAHOBJIEHO, 4YTO WHAYLMPOBAHHOE
MMOTOMCTBO cg-(opM MO BCeM MoKa3aTesisiM (BCXO-
JKECTb CeMSTH, COXPaHHOCTb paCTeHMIi B TeueHUe 60-
Jjee 20 JieT, KOJUYECTBO WU3MEHEHHBIX paCTEeHUM,
YUCJIO TIATOJIOTUHl MUTO3a) MPEBOCXOAMIO TMOTOM-
CTBO cc-(opM, MOJTYYEHHOE MPU CXOMHOM BapuaHTe
00paboTKU TeM XXe MyTareHoM. DTO yKa3bIBaeT, UYTO
cg bopMbI COCHBI TTO CPAaBHEHMUIO C cc OoJiee YCTOM-
YUBBI K MyTareHaM.

IIpuBeneHHbIC pe3yIbTaTHI 12-JIETHETO OITHITA ITO-
Ka3aJii, YTO B aHOMAJIbHbIE TOAbI caMO(pEePTUIBHOCTD
CTaHOBUTCS JAOWUJIbHBIM 3KOJOTMYECKU 3aBUCUMbBIM
MPU3HAKOM, UYYTKO pearupymolinuM Ha U3MEHEeHUe
noroaHbIx ycrouit (Kuznetsova, 2009, 2012). ITopor
€ro YyBCTBUTEJIbHOCTU — XOJIOAHbIE 1 TETLJIbIE€ TOMBI.
ITpu NOBBIIIEHNU W TIOHWXKEHUU TEMIIepaTypHOTo
pexuma rnokasarenu Ky CIBUTaroTcs ofHOHAINpaBs-
JICHHO — B CTOPOHY OoJibllleil caMOdepTUILHOCTH.
INoBhbIlIeHNE B 3aCYLIJIMBBIE TOMbI AOJU MHOPETHBIX
CeMsIH CBUIETEJIbCTBYEeT 00 yyacTUM WHOPUIMHTA B
ajanTaiyyu CEMSIH K MOTOAHBIM YCIOBUSIM CBOETO TO-
na. B 3acyxy MexaHuU3Mbl T€HOTUITMYECKON KOPPEK-
LIMU COMPSIXKEHBI C MaJeHWEM YPOXKAMHOCTHU U CEIeK-
TUBHOM CMEPTHOCTbIO T€HOTUIIOB, KOTOpBIE IIPOTE-
KarT Ha 0a3e HecreludruUuecKoit peakiumy U BeayT K
MOBBIIIEHUIO B CEMEHHOM reHO(OoHAe 101 UHOpe-
HBIX U 3acyxoycToiuuBbix reHoTuroB (Kuznetsova,
2012). IMomyyeHHBIE MaTepHalbl CBUIAETEIBCTBYIOT,
€cJIi HeOJIaronpusTHbIE YCJIOBUSI CTAHYT TMOCTOSIH-
HOI cpenoil oOUTaHUS, JaHHbIE TEHOTUITbI OYIyT
UMETh aJanTUBHOE MPEUMYILECTBO IS BBDKMBAHUS
Buaa. [1pu Bo3BpallieHUu KJiuMarta K HopMe 60oJibIast
4acTh MHOPEOHBIX IIOTOMCTB OyAeT yaajeHa OT0Oo-
pOM, UTO MOATBEPXKIEHO HA MHOTUX BUax ceM. Pina-
ceae (Franklin, 1970) u B HallleM 3KCIIEpUMEHTE 11O
xummnyeckoMy mytareHesy (Kuznetsova, Mashkina,
2011). bonbiiast yacTh pacTeHUI B KOHTPOJIbHBIX CE-
MBbSIX (MHOpEIHOE ITOTOMCTBO cc (popM 6e3 06paboT-
KM) OTCTaBajla B pocTe U Iorubiia 10 BCTYIUIEHUS B
¢azy cemeHollIeHUS.
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V IOKpPHITOCEMEHHBIX PACTEHUIA CBSI3b MEXITY 00-
pa3oBaHMUEM KaJUIO3bl B MBLIBIIEBBIX TPYOKaX U He-
coBMecTUMOCThIO nokazaHa (Tupy, 1959, De Nettan-
court, 1977). IlokazaHo, YTO MECTO OCTAaHOBKM pOCTa
Y TUOET THOPETHBIX TPYOOK B CTOJTOWKE MIPOUCXOIUT
MOCJE JOCTVKEHUST TIOPOTOBBIX OTIOXEHUI Ka/IO3bI
¥ HAaXOOWTCS B IIPSIMOM 3aBUCMMOCTH OT MHTEHCHUBHO-
ctu peakumii HecoBMectTuMmocTu (Poddubnaya-Ar-
nol’di, 1976). IlogoGHast peakiyst TYHOPEIHBIX MbLIb-
LIEBBIX TPYOOK Ha caMOOMbLIEHNE HAOI01aeTCs y ¢C
U écc GOPM COCHBI. YCTaHOBJICHO, UTO X TMOEIb BhI-
3BaHa OTJIOXKCHUSIMM KaJIJIO3bI B HECOBMECTUMBIX C
HyuesurycoM Tpyokax (Kuznetsova, 1991, 1996).

M3BecTHO, UTO OTCYTCTBUE OIbLICHUS, U UHTU -
OMpoBaHME pOCTa TMBUILLIEBLIX TPYOOK BbIZHIBACT
onaj IUIIEeK COCHbI OOBIKHOBEHHOI B MEPBHIil IO
passutug (Kotelova, 1956; Sarvas, 1962). 1o Hamnm
JIaHHBIM 00Jiee HU3Kasi COXPAaHHOCTD IIMIIIEK IIPH Ca-
MOOIIBUJICHUU SIBJISIETCSI CJACACTBMEM TMOEIM 4acTu
MHOpEIHBIX TPYOOK M3-3a HECOBMECTUMOCTU C HY-
LICJUTYCOM. YMEHBIIICHUE UX YKCIIa IIPU CaMOOMELIe-
HUU ToaTBepXacHo B psime pabot (Forschell, 1974,
Kotelova, 1956, Belostotskaya, 1979; Kuznetsova,
1991, 2012). Tak, no nanusiM H.B. KoTtenosoit (Ko-
telova, 1956) coxpaHHOCTb IIUIIEK TPU CAMOOTIBLIE-
HUU U TIEPEKPEeCTHOM OIbLJICHUU cocTaBuiaa 39 u
65%, COOTBETCTBEHHO, B HaleM orbite — 40 1 69%
IIpA CaMOONBIJICHUW M CBOOOIHOM OIlbUICHUM. Ta-
KMM 00pa3oM, pe3yabTaThl 2-JIETHETO SKCIIEpUMEHTA
0 CaMOOMBUICHUIO M 3JIEKTPOHHO-MUKPOCKONNYE-
CKOTO M3y4eHMS ITbUILLIEBBIX TPYOOK IPU CAMOOITbLIE-
HUM 1 CBOOOTHOM OITbICHUN TaKXKe CBUIIETEJILCTBY-
10T, 4TO caMO(EPTUIBHOCTb COCHBI U TeHEeTUYecKast
CHCTeMa HECOBMECTUMOCTH ITOKPBITOCEMEHHBIX pac-
TEHUI UMEIOT OOUHAKOBYIO IIPUPOIY.

HecMmoTpst Ha TO UTO MHOPUAMHTOBAS AEMPECCUs
Y COCHBI B TIpOTaMHBIi TIepUO/ XapaKTepu3yeTcsl Ta-
KMM Xe, KaK Y IIOKPBITOCEMEHHBIX pacTeHN MOpdo-
JIOTMYECKUM ¥ (PU3HOJOTUIYCCKUM IIPOSIBJIEHUEM,
MHTEHCUBHOCTb PEaKIIMii HECOBMECTUMOCTH IaXkKe y
6cc GOPM HeTOCTAaTOYHA, YTOOBI MHTMOMPOBATH pa3-
BUTHE OOJBIIMHCTBA WHOPEIHBIX TPYOOK U pas3o-
pBaTh PENPOAYKTUBHBIN LIUKJI 10 CUHTAMUU TaMeT.
M3ydeHre WHOpPEOHBIX MBUIIBIEBBIX TPYOOK Pinus
peuce IOKa3ajo, 4YTO OHU yIriayosstiorcst ot 1/3 mo 1/2
IUIMHBL HYLIEJUIyca W TOJBKO HEKOTOpbIE M3 HUX
MeHbIle gaHHoro mnokasareiass (Hagman, Mikkola,
1963). YAbTpacTpyKTypHO HECOBMECTUMOCTD ITPOSIB-
JIsIeTCs B BUJIe 00JIee MOIIIHOTO KaJIJIO3HOTO CJOsI, KO-
TOPBIN (hOPMUPYETCST MEXITY MHOPETHOM MbLTBLIEBOM
TPpyOKOI1 1 HYLIEJUIYyCOM B TeUeHMe 3-TO Iepuoia ee
passutus (Kuznetsova, 1991).

Ilo naHHBIM LIUTOJOTMYECKOTO aHaau3a UHOpHU-
IUHTOBas aerpeccust y Pinus sylvestris mposiBisieTcsl B
Havajle paHHETro 3MOpuoreHe3a, win Iepen nudade-
peHnuanuei 3apoasiia (Svintsova, 2002). ITpu cpag-
HEHUM 4YucJia OTUIOJOTBOPEHHBIX SHIIEKIETOK TpPU
WHOPUIWHIE U ayTOPUIMHTE YCTAaHOBJIEHO, YTO Hera-
TUBHOE BJIMSTHUE UHOPUIMHTA HA KOJIUYECTBO 3UTOT
Ha CeMsITIOYKY HaxOAUTCs Ha ypOBHE TEHACHLUU, U
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coctaBisetr 0.79. [Ipu3dHaku HECOBMECTUMOCTU WH-
OpedHOro 3apoiblllia C SHIOCIIEPMOM IOSIBISIIOTCS
MOCjie BbIXOJA €ro B KOPPO3HMOHHYIO KaMepy
(Kuznetsova, Isakov, 1987, Kuznetsova, 2012). B aTo
BpeMsI YCTaHABJIMUBAETCS CBSI3b C DHIOCIIEPMOM U
MMPOUCXOAUT TIePEeXo 3apoblllia Ha HOBBIII MCTOU-
HUK NUTaHus. bausnexaiue KJIETKM 3HAOCIepMa
TpaHCHOPMUPYIOTCI B KJIETKU CEKPETOPHOIO TUIIA,
HAauyMHAeTCsl aKTUBHOE IlepeMelleHUe CBOOOTHBIX
AMUHOKMUCITIOT, TUCCOLUALIMS MOJIEKYJT Kpaxmalia Ha
6oJiee MPOCThIe COSAMHEHUS Y UX TTOMIOIIEHUE 3apO-
neireM (Konar, 1958). ITo Mepe paspylieHus 1 mo-
IJIONIEHMS IIPOAYKTOB paciiaga 3apoAbIIIeM X MECTO
3aHUMAIOT KJIETKU CJeAYyIOIIMX CJI0eB IUTampllei
TKaHu. [1pu caMoOoIbUIEHUN HECOBMECTUMOCTD TKa-
Hell 3apopbIia U SHAOCIEpMAa BeAET K TOMY, UTO YacTh
BEIIECTB HE MPOXOOUT Yepe3 KIIETOUHYIO 000JI0UKY U
HaKaIUIMBaeTCs Ha BHEIIIHEN ero TpaHulie B BUIE LM~
poKoit 30HBI oTTOpXKeHUsI. [Toce TOCTKeHMS TTIOPO-
TOBBIX KOHLICHTpALIWMI JAHHBIA CJION U30JMUPYET 3apO-
JBIII OT MUTATEJIbHBIX BEILIECTB SHIOCIIEpPMA U CTAHO-
BUTCS TIpUYMHOIM ero rubemn. IlociaemoBareabHOCTH
rubeNn ceMsTH CIleAyIolast: BHaYane (hopMUpyeTcst 30-
Ha OTTOP3KEHMSI, 3aTeM TTOTMOAaeT 3apOIbIIl, U TOJIbKO
TI0CjIe HeTo paspyllaeTcs 3HIO0CTIEPM.

CpaBHeHVe UHOPUIUHIOBOI AEMPECCUU BBISIBU-
JIO OOIIYI0 3aKOHOMEPHOCTh €€ MOP(HOIOTHIECKOTO
MPOSIBIICHNUSI Y WHOPEIHBIX NBUIBLIEBHIX TpyOoK Sl
BUIOB LIBETKOBBIX pacTeHU U c¢c HOPM COCHBI OOBIK-
HOBeHHOI. Tak, X pOCT M pa3BUTHUE IIPEKpaIalOTCs
He cpasy, a 110 Mepe TOro, KaK 30Ha OTTOPKEHUS Ha-
YMHAeT IPUOIMKATLCS K MOPOTY, IO JTOCTHKESHUIO
KOTOPOTO CaM CJIOi CTAaHOBUTCS GapbepoOM Ha ITyTH
rnepeMelleHUsl MUTaTeIbHbIX BelecTB. Ha ocHoBa-
HUM TOTO, YTO MHOPUIMHT pa3phiBacT PEIPOTYKTUB-
HBII LIMKJI TTOCJIe OTUIOAOTBOPEHUSI, MOXHO CeIaTh
BBIBOJI, YTO IeHETUYECKasl CUCTeMa HECOBMECTUMO-
CTH COCHBI OOBIKHOBEHHOI1 110 CPaBHEHMIO C BUTAMU
LIBETKOBBIX PACTEHUI HAaXOAUTCS Ha Gojiee paHHEM
aTare BOJIOLIMOHHOTO pa3BuTud. [1poananusupyem
HEKOTOpPHIE 3Tallbl €€ 3BOJIOLUMN MPU MEPexXole OT
TOJIOCEMEHHBIX K TTOKPBITOCEMEHHBIM PACTCHUSIM.

INoHsITHE HECOBMECTUMOCTH IIMpE, YeM caModep-
TWIbHOCTU. OHO BKJIIOYAET BECh CIEKTP peakivii OT
MEePEeKPECTHON HECOBMECTMMOCTU 10 CAMOHECOBMeE-
cTuMocTu. Bce BUibl roJIoceEMEeHHBIX — NTePpeKPECTHO-
onblIsonIecs pacreHuss. Ux muddepeHnmanus mo
caMoepPTUIIBHOCTU OCYIIECTBIISICTCS Ha TTOMYJISILI-
OHHOM 1 OpPraHM3MEHHOM YPOBHE, XapaKTepU3yeTCsl
BBICOKOI BHYTPUMOIMYJISILIMOHHON M3MEHUYUBOCTbHIO
(Barnes et al., 1962; Park, Fowler, 1984; Kuznetsova,
2012; u op.). ¥ SI BuOoOB MOKPHITOCEMEHHBIX MeXa-
HU3MBI, TIPETISITCTBYIONIUE CAMOONBIIEHNIO, U TUTIbI
KOHTPOJISI CAMOHECOBMECTMMOCTU XOPOIIIO PA3BUTHI,
y TOJIOCEMEHHBIX OHU BBIpaXKeHbI CJ1a00 WJIN OTCYT-
cTBYIOT. ¥ SI BUIIOB OTTOpKEHNE WHOPEIHBIX MbLIb-
LIEBBIX TPYOOK MPOUCXOAUT A0 OIUIONOTBOPEHMUS, Y
TOJIOCEMEHHBIX — MOCJIe OIJIonoTBOpeHus1. HecoBme-
CTUMOCTD Y TIOKPBITOCEMEHHbBIX PACTEHUI BCTpeUyaeTcs
y 39% Bunos (Igic et al., 2008), y COCHbI OOBIKHOBEHHO
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PEAKLWA PINUS SYLVESTRIS (PINACEAE) HA UHBPUJIWHT

o cc popM Ha TpeTh Boiiie (Kuznetsova, 2012). I1pu
5TOM peaKLsl Ha [IOTOOHBIN CTpecc Yy HUX OMMHAKOBAsI:
WHOPUIMHTOBAST ACTIPECCUs MaKCUMaJIbHA TIPU OITH-
MaJIbHOM TeMmIlepaType, M CHIDKAETCs IIPU €€ TTOBbIIIIe-
HUM WIN TTOHIDKSHUN.

ITocne Toro, Kak 3apoCTOK MaIOPOTHUKOBUIHBIX
MOTEPSIT CITOCOOHOCTh K CaMOCTOSITEJTBHOMY  CyIle-
CTBOBaHMUIO, Y PEITPOAYKTUBHBII IIPOLIECC CTaJI IIOJTHO-
CTBIO OCYILECTBIISAThCI Ha CIIOPO(UTE, POJIb TeHETUYE-
CKOI1 CUCTEMBI HECOBMECTUMOCTH KaK OCHOBHOTO pe-
TYJISITOpa B3aMOOTHOIIIEHUIT MEXITy BEreTaTUBHOM U
reHepaTUBHOM cdepoil ceMeHHBIX PACTEHUI Cylle-
CTBEHHO Bo3pocia. [1aBHoe ee npenHa3HayeHUE —
OrpaHUYUTh Pa3BUTHUE 3apOJbIlIa HA MaTEPUHCKOM
pacTeHUM IpeaeraMy CEMEHU ITyTeM IIepeBojia ero B
COCTOSIHME (DU3MOJIOTUYECKOro IMOKosl. B mpoTtus-
HOM cJIyJae caMo JiepeBo OyneT oOpedeHO Ha THOETb.

OIHUM U3 HAIpaBJICHUN 3BOIIOLIMM T€HETUYEC-
CKOIl CHUCTEMBbI HECOBMECTMMOCTU MHOKPBITOCEMEH-
HBIX SIBJISIETCSI TIEPEX0 OT CAMOHECOBMECTUMOCTHU K
CaMOCOBMECTUMOCTH, IMPOILECC KOTOPOro MPOI0JI-
XaeTcsl mO Hacrtosiero BpeMeHM (Agadzhanyan,
1992; De Nettancourt, 2001; Igic et al., 2008; Zhao
et al., 2022 u op.). [1pu aHanu3e MpUUMH, JieXKalIUX B
€T0 OCHOBE, MbI UICXOIWJIY 13 TOTO, YTO ITIPU IIPOIrPec-
CUBHOI HAIIpaBJIEHHOCTHY 3BOJIIOLINY CEMEHHBIX pac-
TEHUII peryJupoBaHUE B3aMMOOTHOILLIECHUI MEXIy
BETeTaTUBHOM M TeHepaTUBHOI cepoit Ha opraHU3-
MEHHOM YPOBH€ BO3MOXHO JIMIIIb B TOM CJy4dya€, KO-
IJa 3BOJIIOIIMOHHBIE TPOLIECChl OYyOyT COBMangaTh C
MHTeHcuUKalMeili peakuuii HECOBMECTUMOCTHU.
31ech O4eHb BaxKHBIM SIBJISIETCSI TO OOCTOSITEILCTBO,
4TO MHTEHCU(UKALIMS, KaK peaIbHO IIPOTEKAIOIINIA
Ha 0a3e TakcoHa Spermatophyta 3BOJIIOLIMOHHBIN
Mpolecc, J0JKHA TMTOAUYMHATHCS (hyHIaMEHTaJlbHbIM
3akoHaM npupobl. [To 3akoHy coxpaHeHUsT KoJIude-
CTBO BCTYMNAOIICH B peaklMIO SHEPIUH U BellleCTBA
JIOJDKHO OBITh PAaBHO KOJIMYECTBY DHEPIMM M BeEllle-
CTBa €€ IPOAYKTOB. DTO O3HAYaeT, YTO MCXOMHBIA
YPOBE€Hb MHTEHCHUBHOCTU pPeaKIuii HECOBMECTUMO-
CTH B XO[€ BOJIIOLIMU CEMEHHBIX PACTCHUM HE MEHSI-
ercs. B-tpetbux, no nanHeM Lewis (1944), yuem Kopoue
MepHroa MeXKIy OITbUICHWEM U OIUIOAOTBOPEHUEM, TEM
MHTCHCUBHOCTD peaKIIiii HECOBMECTUMOCTH BHIIIIC.

ITpenkaMu COBMECTHMMBIX BUAOB IOKPBHITOCEMEH-
HBIX pacTeHU, KaK U3BECTHO, ObLTY CAMOHECOBMECTH -
MbI€ BUIIBI TOJIOCEMeHHBIX. [1p1 coxpaHeHU NCXOMTHO-
IO YPOBHSI HECOBMECTUMOCTU 3BOJIOLMUS TOJIOCEMEH-
HBIX MOIJIa OTHOBPEMEHHO WITU II0 HECKOJIBKUM
HampaBJieHUsIM. Bo-mepBbIX, pOCT MHTEHCHUBHOCTU
peaxkinii BO3MOXEH JUIb MPU TIepPexoie TeHeTu4Ye-
CKOIt CUCTEMbI HECOBMECTUMOCTHU 1IBETKOBBIX pacTe-
HUII Ha BUIOBOI ypoBeHb opranu3auuu. [Ipu stom
BO3HUKHOBeHHUE SI BUIOB IIPOUCXOIWIIO NI B TOM
cliydae, eCJIU MOSBIISUIMCH BUIbI, THTEHCUBHOCTD pe-
Ak KOTOPBIX OBbIJTa HUKE. DTO OmHA M3 BaXXKHBIX
MPUYMH IPOU3OIIEAIIECTO B MEJIOBOM MEPUOIE Aejie-
HUS oKpbiToceMeHHbIX Ha rpynbl SI, SF u SC Bu-
noB. Bo-BTopbiX, pe3yabTaToOM WHTeHCUPUKALUU
CTajl pa3pbiB PEIIPOAYKTUBHOIO IIMKJIA MEXIY OITbI-
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JIEHHEM U oIutonoTBopeHueM y SI BunmoB. B-TpeTbux,
MHTEHCUBHOCTh pPeaklii HECOBMECTMMOCTU MOTJIa
MOBBIIIATHCS 32 CYET YMEHBIIIEHUSI MHTePBaJIa MEXIY
OINBbUICHNEM U OIUIOAOTBOPEHUEM. YCTaHOBJIEHO, YTO
TOJIOCEMEHHBIE PACTEHMUSI TTI0 CPAaBHEHUIO C TTOKPBITO-
CEMEHHBIMM XapaKTepU3yIoTCsl 60Jiee KOPOTKUM Tie-
pMOIOM MEXIY OMbUIEHWEM U OIUIOJOTBOPEHUEM
(Kordyum, 1978).

3HauMTeNbHasT YacTh MOKPHITOCEMEHHBIX pacTe-
HUIi 010 cux mmop npencrasieHa SI Bupamu. Ha cThike
TpeOOBaHMIT IPOTPECCUBHOM 3BOJIIOINU 1 3aKOHOB
COXpaHEHUS NajbHeilnee pa3BUTUE CUCTEM CEMEH-
HOTO Pa3MHOXKEHUS ITOKPBITOCEMEHHBIX PacTeHUIA
COTIPSIZKEHO C TTOCTENEeHHBIM YMEHbIIIeHeM noau SI
BUJIOB, YTO JOKa3aHO YacTbIMM TepexomgamMu oT SI K
SC (Igic et al., 2008). TTockonbKy MpUYMHA PEIYK-
M 3aJI0KeHA B IPUPOLIE CaMOTIO IIpoliecca, TO yTpa-
ta SI BUnoB HeoOpaTtuMma. JlabHelillee cokpallieH1e
S1 BuIoB 1 IIpoaoIKaoIIeecs: pa3BUTHE OT CaMOHe-
COBMECTHUMOCTHU K camocoBMecTumocTu (De Nettan-
court, 2001; Igic et al., 2008; Zhao et al., 2022) naiot
OCHOBaHHE paccMaTpUBaTh yBEJIMUYEHUE YUCIEHHO-
ctu SC BUAOB KaK OJHO U3 FeHepalbHBIX HallpaBJie-
HUI 3BOJIIOIUY CUCTEM Pa3MHOXCEHMS MOKPBHITOCE-
MEHHBIX pacteHuil (Agadzhanyan, 1992). Hemano-
BaXHbIM (DAaKTOM SBJISETCS TO, YTO B YCIOBUSIX
YCUJIMBAIOIIETOCSI aHTPOIIOTEHHOIO MPECCUHra U U3-
MeHeHus Kimumata SC BUIbI, KaK 0ojiee CTPeCCoyCTOM -
YUBBIE, OyIyT UMETh afallTUBHOE U CEJIEKTUBHOE IIpe-
MMYIIeCTBO. B OTHOIIIEHM COCHBI OOBIKHOBEHHOM OT-
METHM: HECMOTpsI Ha TO, 4YTO TeHETUYECKasI CHCTeMa
HECOBMECTHMOCTH BUIA HAaXOIMTCS Ha Ooyiee paHHEM
aTare 3BOJIOIMOHHOIO Pa3BUTHUS, MOJIyYeHHBIE NaH-
HbIe CBUIIETEJILCTBYIOT, YTO €€ 3(P(EeKTUBHOCTb IO
MPEAOTBPAILICHUIO CaMOOINbUICHUSI OYEHb BBICOKASI.
K xoHI11y 5MOproreHe3a oHa ynajisieT U3 perpOmnyKTHUB-
Horo Tipoiiecca 6osee 90% MHOPETHBIX TEHOTUTIOB.

SAKJIFTOYEHHME

DJIEKTPOHHO-MUKPOCKOIIMYECKIE OaHHBIE, pe-
3yIbTAThI 2-X 1 12-JI€THETO OIThITa IO CAaMOOIIBUICHUIO
CBUIIETEJILCTBYIOT, YTO IIPUPOIa MHOPUAMHIOBOI 1Ie-
TIPECCUH Y COCHBI OOBIKHOBEHHOI 00yCIOBIIeHA Ieii-
CTBHEM TEHETUYECKOUM CHUCTEMbl HECOBMECTHMMOCTH,
KOTOpasi HaXOAUTCsI Ha OoJiee paHHEl, YeM y ITOKPhI-
TOCEMEHHBIX pPAaCcTeHUII CTaguyd >SBOJIOIMOHHOIO
pa3Butus. [lokazaHo, 4To ec opraHMU3allvsI yXKe Ha
IAHHOM 3Talle UMeeT BCe IIOTEHIINU IS JaJIbHEUIIe-
TO Pa3BUTHUS M COBEPIIIEHCTBOBAHMS, ITPOCIEKIBACT-
cd TnpsiMasi CBSI3b C T€HETUYECKOM CUCTEMOI HECOB-
MECTUMOCTHU ITOKPBITOCEMEHHBIX paCTeHMﬁ.

IIpu caMoONbBIIEeHUM WHTEHCUBHOCTb pPeaKInii
HECOBMECTUMOCTU MEXIY MY>KCKUM raMeTo(puTOM 1
HYLIEJTyCOM HEIOCTAaTOYHA, YTOOBI OCTAaHOBUTH pPa3-
BUTHE NBUIBLIEBBIX TPYOOK, M CAMOOILJIOAOTBOPEHUE,
KaK IpaBUJIO, UMeeT MecTo. B paHHeM aMOpuroreHese
peanu3yeTcst THOpUIMHTOBAs IeTpecchst (HeCOBMe-
CTUMOCTb 3apOAbIIIa U SHAOCIIepMa), KOTOpast OTJIN -
YaeTcs BBICOKOUN 3(hPEKTUBHOCTHIO, yIaIsIsI U3 pe-
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MMPOAYKTUBHOIO TIpoliecca 6ojiee 90% MHOpeaHBIX
T€HOTUIIOB.

I'eHeTnyeckas cucreMa HECOBMECTUMOCTH BBITION-
HSIET psan BaxXHBIX (GyHKIOWI. Bo-niepBhIX, amanTtupyeT
T€HOTUITMUECKUI COCTaB CEMSIH K CeLM(PUKE peruo-
HaJIbHOTO KJuMMarta, obOecreuyuBasi IIPpUCIOCOOJICHUE
COCHOBBIX JIECOB K Pa3HBIM HPHUPOTHO-KIMMATHYC-
CKMM yCIIOBUSIM apeana Pinus sylvestris L. 1 BbDKuBaHue
BHUA B IIpeaesiax ero agarTallOHHBIX BO3MOXHOCTEI.
Bo-BTOphIX, peryimmpyeT OJIM3KOPOACTBEHHBIE OTHO-
IIeHUST ocoOeit B MOMyJIsaumsixX. B-TpeTbux, ocyiecTB-
JIFIET KOHTPOJIb PasBUTUA N PETYIMUPYET OTHOLICHUSA
MEXK1y BereTaTMBHOM 1 reHepaTUBHOM cepoil pacTe-
HUI1 Ha OpraHU3MEHHOM YPOBHE.
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Response of Pinus sylvestris (Pinaceae) to Inbreeding, and Its Characterization
as an Element of Incompatibility System
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The results of the study of seed reproduction systems of Scots pine (Pinus sylvestris L.) under self-pollination
and open-pollination are summarized (2- and 12-year experiment on self-pollination; electron microscopy).
It was shown that in optimal years the generative sphere of pine is in equilibrium, with the populations being
characterized by a minimum level of self-fertility (R = 0.13—0.14). The ratio between self-sterile, partly self-
fertile and self-fertile forms is 8ss : 4psf: 1sf, the proportion of inbred progeny is 7—8%. It was found that self-
pollination partially reduces cone yield and increases the share of empty seeds. During self-pollination, the
incompatibility of the self-sterile forms is ultrastructurally manifested in formation of the isolation zone at
the border of pollen tube and nucellus, or of the embryo and endosperm. In early embryogenesis, the isolation
zone between embryo and endosperm reaches a diameter of 1—2 cells, indicating the intensity of incompati-
bility processes. It has been shown that in slightly anomalous (cold or warm) and dry years the level of self-
fertility increases in proportion to the strength of weather stress, and the sample structure changes. The share
of inbred progeny increases from 1/12 in optimal yearsto 1/9, 1/5 and 1/3, in cold and warm, moderately dry
and severely dry years, respectively. This confirms the participation of inbreeding in the adaptation of the seed
gene pool to the habitat. The organization of the genetic incompatibility system in the pine and its changes in
the transition from gymnosperms to angiosperms are discussed.

Keywords: Scots pine, generative sphere, self-pollination, open pollination, self-fertility, incompatibility

REFERENCES

Agadzhanayn A.M. 1992. To a question on evolution of self-
incompatibility in Angiosperms: gene mutation. — Bot.
Zhurn. 77 (1): 19—32 (In Russ.).

Barnes B.V., Bingham R.T., Squillace A.E. 1962. Selective
fertilization in Pinus monticola Dougl.: Results of addi-
tional tests. — Silvae Genet. 11: 103—111.

Bramlett D., Popham T.W. 1971. Model relating unsound
seed and embryonic lethal alleles in self-pollinated
pines. — Silvae Genet. 20: 237—268.

BOTAHUYECKMWM XXYPHAJI  Tom 108 Ne 4 2023

Belostotskaya S.N. 1979. Peculiarities of male and female game-
tophyte development in intra- and interspecific hybridiza-
tion. — Russian Forest Sciences. 5: 61—72 (In Russ.).

De Nettancourt D. 1977. Incompatibility in Angiosperms.
Berlin. Springer-Velgar. 230 p.

De Nettancourt D. 2001. Incompatibility and incongruity
in wild and cultivated plants. Berlin. Heidelberg.
Springer-Velgar. 332 p.

Dogra P.D. 1967. Seed sterility and disturbances in em-
bryogeny in conifers with particular reference to seed
testing and tree breeding in Pinaceae. — Stud. For.
Suec. 5: 1-97.

East E.M. 1929. Self-sterility. — Bibliogr. Genet. 5: 331—368.



370

Ferrer M.M., Good S.V. 2012. Self-sterility in flowering
plants: preventing self-fertilization increases family di-
versification rates. — Ann. Bot. 110 (3): 535-553.
https://doi.org/10.1093/aob/mcs124

Forschell C.P. 1974. The development of cones and
seeds in the case of self- and crosspollination in Pi-
nus sylvestris L. — Medd. Stat. Stog. Storskn.-inst. 43:
3—42.

Franklin E.C. 1970. Survey of mutant forms and in-
breeding depression in species of the family of Pina-
ceae. — USDA Forest Service Res. Paper. SE-61: 1-21.

Franklin-Tong V.E. 2008. Self-incompatibility in flowering
plants: evolution, diversity and mechanisms. Berlin.
Heidelberg. 313 p.

Hagman M., Mikkola L. 1963. Observation on cross-, self-
and intraspecific pollination in Pinus peuce Griseb. —
Silvae Genet. 12 (3): 73—79.

Isakov Yu.N., Semerikov V.L. 1997. Relationship of geno-
type for some allozyme loci and ability for self-pollina-
tion in Scots pine (Pinus sylvestris). — Russian Journal
of Genetics. 33 (2): 213-215 (In Russ and Engl.).

Johnson L. 1945. Reduced vigor, chlorophyll deficiency
and other effects of self-fertilization in Pinus. — Can. J.
Res. 23: 145—149.

Konar R.N. 1962. A qualitative survey of the aminoacids
and sugars in the developing female gametophyte and
embryo of Pinus roxburghii Sar. — Phytomorphology. 8:
168—173.

Kordyum E.L. 1978. Evolutionary cytoembryology of an-
giosperms. Kiev. 220 p. (In Russ.).

Koski V. 1973. Embryonic lethals of Picea abies and Pinus
sylvestris. — Commun. Inst. For. Fenn. 16: 1-30.

Kotelova N.V. 1956. Influence of self-pollination and
cross-pollination on the quality of seeds and seedlings
of Scots pine. — Scientific and technical information.
Moscow. Vol. 20. P. 1-74 (In Russ.).

Kotelova N.V., Khromova L.V. 1974. K voprosu ob opylenii
i roste pyl’tsevykh trubok u dvukhkhvoynykh sosen pri
ksenogamii [To the question about the pollination and
pollen tbe growth in the two-needles pines at the xeno-
gamy]. — In: Physiology, breeding and gardening of cit-
ies. Moscow. Vol. 51. P. 44—50 (In Russ.).

Kozubov G.M., Trenin V.V., Tikhova M.A., Kondratieva V.P.
1982. Reproductive structures of gymnosperms (Com-
parative description). Leningrad. 104 p. (In Russ.).

Kuznetsova N.F., Isakov Yu.N. 1987. Ultrastructural as-
pects of physiological incompatibility in Scots pine. —
Russian Forest Sciences. 3: 11—16 (In Russ.).

Kuznetsova N.F. 1991. Development of the male gameto-
phyte of Scots pine in self-pollination and open polli-
nation. — Russian Forest Sciences. 3: 27—33 (In Russ.).

Kuznetsova N.F. 1996. Genetic system of incompatibility
and its display in Scots pine. — Russian Forest Sciences.
5:27-33. (In Russ.).

Kuznetsovs N.F. 2009. Effect of climatic conditions the ex-
pression of self-fertility in Scots pine. — Russian Jour-
nal of Ecology. 5: 390-395 (In Russ.).
https://doi.org/10.1134/S1067413609050105

Kuznetsova N.F., Mashkina O.S. 2011. Stress response and
its aftereffects in Scots pine in ontogenesis and during
the change of generations. — Conifers of the Boreal Ar-
ea. XXVIII (1-2): 83—90 (In Russ.).

Kuznetsova N.F. 2012. Self-fertility in Scots pine as a sys-
tem for regulating close relationships and species sur-
vival in an adverse environment. — In: Advances in Ge-
netics Research. Vol. 9. New York. P. 83—106.

KY3HEILIOBA

Lewis D. 1944. Incompatibility in plants. — Nature (Lon-
don). 153 (3889): 575—578.

Maletsky S.I., Denisova E.V. 1974. Perspektivy ispol’zo-
vaniya intsukht-metoda v selektsii diploidnykh i tetra-
ploidnykh form sakharnoy svekly [ Perspectives of use of
incucht-method in selection of diploid and tetraploid
forms of sugar beet]. — In: Theoretical and Practical
Problems of Polyploidy. Moscow. P. 5—13 (In Russ.).

Mashkina O.S., Kuznetsova N.F., Isakov Y.N., Butorina A.K.
2009. Self-fertility in Scots pine as a mechanism of re-
sistance to chemical mutagens. — Russian Journal of
Ecology. 40 (6): 399—404 (In Russ. and Engl.).
https://doi.org/10.1134/S1067413609060046

Mergen F., Burley J., Furnival G.M., Furnival G.M. 1965.
Embryo and seedling development in Picea glauca
(Monch) Voss after self-, cross-, and mind-pollina-
tion. — Silvae Genet. 14 (6): 188—194.

Park Y.S., Fowler D.P. 1984. Inbreeding in black spruce
(Picea mariana (Mill) B.S.P.): self-fertility, genetic load
and performance. — Can. J. For. Res. 14 (1): 17-21.
https://doi.org/10.1139/x84-003

Poddubnaya-Arnoldi V.A. 1976. Cytoembryology of angiosperms.
Foundation and Perspectives. Moscow. 508 p. (In Russ.).

Pozhidaeva I.M., Isakov Yu.N. 1989. Cytogenetic analysis of
common pine trees contrasting in self-fertility. — Russian
Journal of Genetics. 25 (4): 674—682 (In Russ.).

Rea A.C., Nasrallah J.B. 2008. Self-incompatibility sys-
tems: barriers to self-fertilization in flowering plants. —
Int. J. Dev. Biol. 52 (5—6): 627—636.
https://doi.org/10.1387 /ijdb.072537ar

Remington D.L., O’Malley D.M. 2000. Whole-genome
characterization of embryonic stage inbreeding depres-
sion in a selfed loblolly pine family. — Genetics. 155 (1):
337—348. https://doi.org/10.1093 /genetics/155.1.337

Sarvas R. 1962. Investigation of the flowering and seed crop of
Pinus sylvestris. — Commun. Inst. For. Fenn. 53: 1-198.

Singh H. 1978. Embryology of Gymnosperms. Encyclope-
dia of Plant Anatomy. Vol. XII. Berlin-Stuttgart. 302 p.

Svintsova V.S. 2002. Character of variability of reproductive
traits of Pinus sylvestris L. in conditions of Central Rus-
sian forest-steppe (Voronezh region): PhD Thesis. Vo-
ronezh. 22 p. (In Russ.).

Surikov .M. 1991. Incompatibility and embryonal sterility
of plants. Moscow. 220 p. (In Russ.).

Tupy J. 1959. Callose formation in pollen tube and incom-
patibility. — Biol. Plantarum. 1: 192—198.

Vishnyakova M.A. 1989. Structural and functional bases of
self-incompatibility in flowering plants. — Bot. Zhurn.
74 (1): 137—152 (In Russ.).

Williams C.G., Savolainen O. 1996. Inbreeding depression
in conifers: implication for breeding strategy. — For.
Sci. 42: 143—147. https://doi.org/10.1093/FOREST-
SCIENCE%2F42.1.102

Williams C.G., Auckland L.D., Reynolds M.M., Leach K.A.
2003. Overdominant lethals as part of the conifer em-
bryo lethal system. — Heredity (Edinb). 91 (6): 584—
582. https://doi.org/10.1038/sj.hdy.6800354

Zhao H., Zhang Y., Zhang H., Song Y., ZhaoF., Zhang Y.,
Zhu S., Zhang H., Zhou Z., Guo H., Li M., Li J.,
Gao Q., Han Q., Huang H., Copsey L., Chen H.,
CoenE., Zhang Y., Xue Y. 2022. Origin, loss and retain
of self-incompatibility in angiosperm. — Plant Cell. 34
(1): 579—596. https://doi.org/10.1093/plcell/koab266

BOTAHUYECKUM KYPHAJTT Tom 108 Ne 4 2023



