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MOP®OJIOT TYECKHUE U3MEHEHUS NBLIbIBI COCHBI KPBIMCKOM (PINUS
PALLASIANA D. DON) B MHTPOAYKIMOHHBIX HACAXKIEHUAX
TEXHOT'EHHO 3ATPSAA3HEHHBIX TEPPUTOPUM

Pinus pallasiana, nvineya, anomanuu, mexmozenHoe 3a2psa3HeHue

BBenenne

B o3eneHeHHMH NPOMBILIUIEHHBIX PETMOHOB M TOPOJOB CTEMHOM 30HBI YKpauHbI, B
MOJABJISIONIEM OOJIBIIMHCTBE, HCHOJIB3YIOTCS JIPEBECHBIE PpPaCTEeHUSA-UHTPOAYyLEeHThl. Co
BTOpOH MONOBUHBI XX BeKa B O03€JICHEHUH TOPOJIOB, TEXHOI€HHO 3arps3HEHHBIX U
HapyLIEHHbIX TEPPUTOPUHM, B TOM 4YHCIIE KeJIe30pyIdHbIX OTBajioB KpuBOpOXbs, MaccoBo
ucnonwsyetcs Pinus pallasiana D. Don [7].

B psine myGnukanuii moka3zaHo, 4TO B YCJIOBHSIX TEXHOTEHHOTO CTpecca y BHIOB pojia
Pinus L. cHmXaeTcsl )KM3HECIOCOOHOCTh IMBUIBIbI, YBEIUYHUBAETCS KOJWYECTBO MBUIBLBI C
paznuuHbiMU  aHoManusimu 1, 13, 17]. AHomanuu pa3BUTUS TBUIBLBI U YpPOBEHb €€
TEpaTOreHe3a paccMaTpUBaIOT KaK IIOKa3aTelb COCTOSHUS OHOOOBEeKTa B  pasHbIX
AKOJIOTHUYECKUX ycIoBUsAX [19]. [l nHAMKAIUU 3arpsi3HEHHOCTH CPEbl a3POIOJUTIOTAHTaMHU
M0 U3MEHEHUSIM MOP(OIMPU3HAKOB MBLIBIIBI Yallle BCETO UCHOIB3YIOT XBOWHBIE [2, 17, 21].

[Ipexxne yem mpuUMeEHSATH MOKa3aTeldd KadecTBa M aHOMalMi mbuiblibl P. pallasiana
HACAKACHUN TPOMBILIUIEHHO 3arpsA3HEHHBIX TEPPUTOPUN  JUIsI  OLIGHKM COCTOSIHUSA
OKpY’Kalolle cpeipl, HEOOXOAUMO ONPEICTUTh M ONHCAaTh €€ aHOMAJIbHO-TEPAaTOMOP(HBIC
dopmbl. B Takux nccieoBaHUSAX BaXKHO BBIACHUTH (DOHOBBIE M3MEHEHMS MbLIbIIBI, KOTOPbIE
BCEI/la NPUCYTCTBYIOT B NpUpOAHBIX momynsauusax [3, 4, 10, 15]. Paa paGot mocssiieHo
OMMCAHUI0 aHOManuii mbulblibl Pinus sylvestris L. [11-13]. B kmaccuyeckoit pabote
M.X. Monoc3oH-CmonuHO#M [9] mokazaHo, 4TO OOJNBIIOE 3HAYEHHUE IS XaPAKTEPUCTHKH
IBUIBLBI UMEIOT (hopMa U pa3Mep BO3IYIIHBIX MEIIKOB. OOBIYHO BO3YIIHbIE MEIIKA UMEIOT
MOYTH IIAPOBUAHYIO (popMy, KOrja JUIMHA Mellka Onu3ka K ero Bbicote. T.A. MenbHUKOBa
[8] BBLAEnMIIA U BUAOB poja Pinus BoceMb MOP(OTUIIOB aTUIMHMYHBIX MBUIBLIEBBIX 3€pPEH,
KOTOpBIE OTIMYAIOTCS OT HOPMAJbHO pa3BUTHIX pa3MepaMu, (OpPMOH, KOJIUYECTBOM U
CHocOoOOM COEIMHEHHUsI BO3AYIIHBIX MEIIKOB Mexay coboil. O.d. J[31000ii [2] npeaiokeHbl
ceMb MOP(OTUTIOB TBUTBLIEBHIX 3€PEH B 3aBUCUMOCTH OT KOJWYECTBA BO3IYIIHBIX MEIIKOB U
crenean ux pasutusa. C.C. TymuuelH u np. [19] Belaensror ueTelpe THUIA aHOMAaJIbHO-
TepaToMOp(GHBIX (HOpM TBUTBIEBBIX 3epeH y P. sylvestris: 1) TbUIBLIEBBIE 3€pHA C
JUCTIPONIOPLMOHAIIBHO  PAa3BUTBIM TEJIOM WJIM BO3JIYIIHBIMH MEIIKaMH, acHUMMETpHUeEi
BO3/YILLIHBIX MEIIKOB; 2) NbUIBLEBbIE 3¢pHA C aHOMAJIbHBIMH pa3MepaMu, YCIOBHO Ha3BaHHbIE
«KapJIMKW» U «TUTaHTbD»; 3) MbLIBLEBBIE 3€pHA C OTKJIOHEHUSIMH B HOPMaJIbHOM Pa3BUTHU
9K3MHBI, KOTOpas JU00 yTOJIIEHa, MO0 UCTOHYEHA; 4) NbUIbLEBBIE 3€pHA C U3BMEHEHUSIMU B
MopdoTune: 0TCyTCTBUE OJHOTO WM JABYX BO3AYIIHBIX MELIKOB, HEIOPA3BUTHE BO3AYIIHBIX
MEIIKOB M 3aMEHa MX «0axpoMoii», aHOMaJbHOE KOJMYECTBO BO3AYIIHBIX MEUIKOB (Ooiee
JIBYX), OIyXO0JIenoJ0OHbIeé HOBOOOPA30BaHUsS HA TeJe MBUIBLEBOIO 3€pHA MM BO3JYIIHBIX
MeNIKaxX. YpoBeHb TeparoMopdusMa meutblibl P. pallasiana B Hacaxnenusx . Kpusoro Pora
paHee He U3y4dasH.
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Heas pabGorsl — aHaMWM3 CHEKTpa aHoOMajdui mbUbIBL Y P. pallasiana B
MHTPOAYKIMOHHBIX HACAXKJIEHUSAX U3 TEXHOTEHHO 3arpsA3HEHHBbIX paiioHOB I. KpuBoro Pora u
o6uocdepnoro 3anoBeaHnka «Ackanusi-Hosay um. @.E. danpi-deiina.

O0beKTHI U MeTOABbI HCCJIeI0BAHM

Marepuanom ajisi UCCIIEIOBAaHUs MOCTYKUJIA CBEKecoOpaHHas neuiblia P. pallasiana
M3 YEThIPEX HHTPOAYKIIMOHHBIX HacaxaeHuW. ITo 25 nepeBbeB 70-JI€THEro Bo3pacra u3
neHaporapka 6uocheproro 3anopennuka «Ackanus-Hoay um. @.E. @anpu-DeiiHa, a Takxke
no 10 nepeBreB 30-meTHEero Bo3pacra u3 Tpex HacaxaeHui r. Kpuoro Pora. Hacaxnenus
P. pallasiana B KpuBom Pore B OombIlieil Wim MEHBIICH CTETICHH IMOJBEPTrarOTCs BIUSHUIO
aspornosuoTanToB. OgHO W3 HUX B AeHApapuu Kpuoposkckoro 6otanmueckoro caga HAH
Ykpaunsl, pacrnojoxkeHHoro B 3 kM OoT CeBepHOro TOPHO-O0OTAaTHUTENHLHOTO KOMOWHATA;
BTOpO€ HAXOAMUTCSA B HEMOCPEICTBEHHOM OMu30cTH OT KpHBOPOKCKOr0 METATypruyecKkoro
KOMOWHATa; TpeThe — Ha [lepBomaiickoMm oOTBaje >KeNne30pyIaHOro Kapbepa. Pactenus u3
OmocgepHOoro 3armoBeIHHKA pPacCMaTPUBAIM KaK KOHTPOJBHBIE, TaK KaK OHH HCIBITHIBAIOT
BIUSHUE TOJBKO HEOIATOMPUATHBIX MPHUPOIHO-KIMMATHYECKUX (PAKTOPOB CTEMHOM 30HBI.
[Iputbty cobupanu B mepuoa maccoBoro nbuieHus B 2013 r. Iloroga npu cOope mbUIbIBI
OblIa Temas, 0e3 JOXKIsl.

Ha Bpemennbix mnpemnapatax [14] ompenensuyin MopdoMeTpUdYecKue mapaMeTpbl
NBUIBLIEBBIX 3€PEH, CHEKTP M KOJUYECTBO aHOMAaJbHBIX MbUIbIEBBIX 3epeH. MccnenoBanus
MIPOBOJIAIIN C MCTIONIb30BaHUEM MuKpockora Carl Zeis Primo Staz (yBennuenue 40x10).

PesyabTaTsl HecjiefoBaHMil B X 00CYKICHHE
Bo Bcex wuccnenyembix HacaxnaeHusx P. pallasiana oOHapyxxeHa He3penas,
nedopMupoBaHHas M JereHepupytomas neutblia (puc. 1, a-m). [lomo6HOrO poma aHoMamuu
TBUIBIBI BBISBJICHBI Y OMU3KOPOACTBEHHOTO Buma — P. sylvestris [12, 13]. V oTaenbHBIX
nepeBbeB P. sylvestris, MpOU3pacTalONIMX B 30HE BBICOKOI'O a’3POr€HHOTO I'€OXMMHUYECKOTO
3arpsi3HeHus r. KpacHosipcka, 10is Henopa3BUTOM mbliblbl coctaBwia 30,4-41,6 %, a Bo
’

BTOpOU ro1 uccnegopanuii — 2,6-10,9 % [12, 17].
5 ©
- | i

a 0 B r I

Puc. 1. Anomanuu nbutblieBbIX 3epeH Pinus pallasiana D. Don:
a, 0, B — He3penas, T — 1eOpMUPOBAHHAs, [T — ICT€HEPATUBHAS MbUIbIIA (HEAOPA3BUTHIC BO3/IYIIHBIC
Memrkn). YBenuaenne 40x10

Fig. 1. Pollen grains types of Pinus pallasiana D. Don:
a 0, B — immature, r — deformed, 1 — degenerate pollen (immature pollen bags). 40x10 magnification

Takxe BO Bcex HacaxkneHusix P. pallasiana ¢ HEBBHICOKOW YacTOTON HaOmIOmaIH
MEJIKUE MBUIBLEBbIE 3€pHA, YCIOBHO HA3BaHHBIE «Kapiauku» (puc.2,a), KpyHHbIE, WU
«TUTAHTB (pHC. 2, b) U MeNKue MbUIbIEBbIC 3epHA C PAa3BUTHIMU BO3IYIIHBIMU MEIIKaMH, HO
HCTOIIICHHBIM TEJIOM, YCIIOBHO Ha3BaHHBIE «MCTOIICHHBIMIY (pHC. 2, B).
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50 pm

Puc. 2. ITeinbueBsie 3epHa Pinus pallasiana D. Don ¢ u3MeHEHHBIMU pa3MeEpaMu:
a — KKapJIHKW», b — «THTAHTBD», B — «MCTOMEHHBIC». Y Benmnuenue 40x10, macmrabuas muHeiika 50
MKM

Fig. 2. Pollen Pinus pallasiana D. Don with variate size:
a — «dwarfsy», 6 — «giants», B — «exhausted». 40x10 magnification, 50 um scale bar

Anomanuu nelIbLbl Yy P. pallasiana nposiBisAoTcs B JeopMaluy Tena MbUIbLIEBOTO
3epHa W BO3IYIIHBIX MEMKOB (puc. 3, a, 06, B), B HapymeHUun (HOpMUpPOBaHUS 000JIOUYEK —

nosiBnieHue «0axpombl» (puc. 3, T) U (OPMHPOBAHUU JIMH3OBUIHOW (HOPMBI BO3IYIIHBIX
MenIkoB (puc. 3, m).

Puc. 3. lepopmarust Tena nbUIbLIEBOTO 3€pHA U BO3IYIIHBIX MEIIKOB Y
Pinus pallasiana D. Don:
a, 6, B — u3MeHeHus (popMBbI Tesia MBIIBIIEBOTO 3ePHA U BO3YIIIHBIX MEIIKOB; T — 00pa3oBaHue
«0axpOoMbI» BMECTO BO3AYIIHOIO MEIIKA; 1l — BO3AYIIHBIA MEIIOK JMH30BUIHONW (OPMBI. YBEINYCHUE
40x10, macmtabuas muHerka 50 MKM

Fig. 3. Pollen body and bags deformation Pinus pallasiana D. Don:
a, 0, B — body shape and bags changes; r — education fringe instead of the air bag; 1 — lenticular body
bag. 40x10 magnification, 50 um scale bar

ATunuuHble TbUIbLIEBBIE 3epHA P. pallasiana oTaMyannuch OT HOPMAIBHO PAa3BUTHIX HE
TOJIBKO IO pa3Mmepy, (hopMe BO3IyIIHBIX MEIIKOB, HO M IO UX KOJHYECTBY M PACIIOIOKEHHIO.

OOHapyKeHbl TBUIBLEBbIE 3€pHA C OJHMM BO3AYLIHBIM MewmKoMm (puc. 4, a), c
HOPMaJIbHBIM M HEIOPa3BUTHIM BO3AYILIHBIMH Memkamu (puc. 4, 0, B), ¢ BO3AYIIHBIMHU
MEILIKaMU Pa3HOro pasMepa M JAUCHPONOPLUOHAIBHO PAa3BUTHIM TeJIoM (puc. 4, T), ¢ AByMs
MaJICHbKUMH BO3AYILIHBIMU MeUIKaMu (puc. 4, 1), C CHJIbHO COJMM)KEHHBIMU MelIKamu (puc. 4,
€), ¢ IByMs HeIOpa3BUTHIMU BO3IAYLIHBIMM MelIKaMu (puc. 4, k), ¢ IByMsI CPOCIIMMHCS
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MEIIKaMH BOPOTHHYKOBOU (hopmel (puc. 4, 3, u), ¢ THNEPTPOPUPOBAHHBIM TEIOM U JBYMS
BO3YIUHBIMU MELIKaMu (puc. 4, K).

L I | 50 pm l

50 pm 50 um
(¥ X 3 )51 K

Puc. 4. ITebueBsie 3epHa Pinus pallasiana D. Don ¢ pa3HsiMu pazmepamu, GopMoil u
PAaCIIOJIOKEHUEM BO3TYLIHBIX MEIIKOB:

a — C OJHUM BO3QYUIHBIM MEIIKOM; 6, B — C HOpMAJIbHBIM U HEAOPA3BUTHIM BO3AYIIHBIMU MCIIKAMU; T
— C BO3IYIIHBIMU MEIIKAMH PA3HbIX Pa3MEPOB U TUCITPONOPIUOHAIBHO PA3BUTHIM TEJIOM; I — C ABYMS
MaJICHBKMMHU BO3AYIIHBIMH MCIIKaMH; € — C CUJIBHO COIMKEHHBIMHU MCIIKaMH; X — C IByMs
HEAOPAa3BUTBIMU MEIIKAMU; 3, U — CPOCHINECH, BOpOTHH‘IKOBOﬁ (bOpMLI BO3AYUIHBIC MEIIIKU; K —
rUNepTpoUpPOBaHHOE TEJIO MBUIBLEBOTO 3€pHA C IBYMsI BO3AYIIHBIMHU MelikaMu. ¥YBennuenue 40x10,
MacmTabHas nuHelka 50 MKkM

Fig. 4. Pollen Pinus pallasiana D. Don with different size, shape and location of the air bags:
a — with one bag; 0, B - with normal and underdeveloped bags; r — with different sizes of bags and
disproportionately developed body; 1 — with two small bags; e — with strongly pulled together bags; x
- with two underdeveloped bags; 3, u - with fused, for collar shape bags; k - with hypertrophied body.
40x10 magnification, scale bar 50 um

BceTpeuaercs nbuiblia ¢ TpeMsi HOpMajibHO Pa3BUTHIMU BO3IYIIHBIMU MELIKaMU (pHC.
5, a), ¢ TpeMs BO3IYIIHBIMH MENIKaMH, OJUH W3 KOTOPBIX HEIOpa3BUTHIN (puc. 5, 0).
HaGnromaercs mbuiblia ¢ 4eTHIPHMSI BO3IYIIIHBIMEU MeIKaMu (puc. 5, B). [IbUTbIly ¢ 4eThIpbMS
BO3JIYIITHBIMHA MEIIKaMu y P. sylvestris OTHOCAT K KaTEropuu AUTUIONIHOM [11].

Y P. pallasiana w3 wHacaxneHus neHaponapka «Ackanusi-HoBa» BcTpedanuch
MPaKTUYECKH BCE OIMHMCAHHBICE AaHOMAJIWU NBUIbLBL, M UX gois Obuta 4,7 %, a B Tpex
HacaxaeHusix 1. KpuBoro Pora aHomanbHas mnbuUibLa cocTaBuia  13,2-24.8 %.
CrnenoBaTelbHO, B YCIOBHUSIX TEXHOTEHHOTO 3arpsi3HeHust y P. pallasiana Komu4ecTBO
AQHOMAJIFHBIX MBUIBLEBLIX 3€PEH yBEINUMBaeTCs B 2,8—5,3 pa3a Mo CpaBHEHUIO C ICHIPAPUEM
«Ackanusg-Hosay.
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Puc. 5. ITebnia Pinus pallasiana D. Don ¢ pa3HbIM KOJHMYECTBOM BO3yIIHBIX MEIIKOB:
a — ¢ TpeMs HOPMaJIbHO Pa3BUTHIMH BO3IYIIHBIMHA MEIIKaMu;, O — C TpeMs MEeIIKaMH, OJIHH U3
KOTOPBIX HEIOPA3BUTHIN, B — C YETHIPHEMS BO3IYITHBIMA MeIkaMu. Y BenmueHnne 40x 10, macmrabHas
nuHeika 50 MKkM

Fig. 5. Pollen P. pallasiana D.Don with more than two bags pollen:
a —with three normally developed bags; 6 — with three bags, one of which is underdeveloped, B — with
four bags. 40x10 magnification, 50 pm scale bar

[Ipu wuccnenoBanuu MOpGOMPU3HAKOB MBUIBLLI P. sylvestris B cTemsx Xakacuu
BBICOKHE 3HAYCHUS WHIWBUIYAILHOW W JHJIOTCHHOW W3MEHUYMBOCTH MOP(OIpH3HAKOB
OBUIBIBI  TMpEAJiaraeTCs  MCIOJIb30BaTh  KaK  IMPEABAPUTENBHBIN  TeCT-UHAMKATOP
«HANPSDKEHHOCTU» €CTECTBEHHBIX YCJIOBHUM TPOM3pPACTaHUs. YXYAIICHUE IKU3HECHHOTO
COCTOSIHUSI JICPEBbEB MPOSIBISIETCS 4Yepe3 BBICOKYI0 HM3MEHUYHMBOCTH Pa3MEpPOB BO3AYILIHBIX
MEIIKOB M HapyImIeHHs CTPYKTYpbl MBUIBIBI B ee obmem myne [16]. TexnorenHoe
3arpsi3HEHUE, BBICTYMAsi KaK CTPECCOBBIA (haKTOp, BIUSET Ha MPOLIECCH MUKPOCIPOTeHes3a,
YTO TMPUBOJUT K TIOBBIIMICHUIO KOJHMYECTBA TMBUIBIBI C PA3IWYHBIMH AHOMAJbHBIMU
HapyILIECHUSIMHU U, B LIEJIOM, K CHUKEHHUIO KauecTBa bbbl [11, 17].

Panee Hamu OBUTO TTOKa3aHO CHMKEHUE CEMEHHOM MPOyKTUBHOCTH, (DOPMHPOBAHHE B
JKEHCKUX MIMIIKAX MOBBIIMIEHHOTO KOJIMYECTBA MYCTBHIX U HEJOPA3BUTHIX CEMSH y pacTeHUM
P. pallasiana w3 HacaXXAeHUH MPOMBIIIJICHHBIX TOPOJOB CTEMHOM 30HBI YKpawHbl [5, 6].
O4eBHAHO, 3TO CBSI3aHO CO CHIDKEHHUEM JKU3HECMOCOOHOCTH TMBUIBLIBI TMPU JEHCTBUU
a’pornounIoTaHTOB. OCOOEHHO MX OTPUIIATEIILHOE BIUSHUE MPOSIBISETCS BO BPEMS MBUICHUS
pacTeHuid, Korja BhIaAaoT o0mIbHbIe ocaaku. [TokazaHo, 4To BiakHas mbuibla P. sylvestris
IpH TOTMAJaHUU B MHKPOIMJIE CEMSIIOYEK TEpseT CIIOCOOHOCTh K MPOPACTAHUIO, YTO
MPUBOAMT K UX JErpajlaliui Yyepe3 Mecsll rmocie onbuieHus [18].

BriBoaBI
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«Ackanus-HoBa» u u3 Tpex Hacaxaenwuii r. Kpusoii Pora. Ha ocHOBe aHanm3a coOCTBEHHBIX
U JINTEpPAaTypHbIX JaHHBIX T[OKa3aHOo, 4Tto Yy P. pallasiana BcTpeyaroTcs CXOAHBIE
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P. pallasiana, noaBepXeHHBIX BO3ACWCTBUIO BHIOPOCOB MPOMBINUICHHBIX MPOU3BOJCTB M
IPOM3PACTAIOIIUX HA OKEJIE30PYJHOM  OTBaje, KOJIMYECTBO AHOMAJIbHOW  IBUIBLIBI
yBenuuuBaercs B 2,8—5,3 pasa Mo CpaBHEHHMIO C PacTEHUSIMU OMOC(PEPHOTO 3aroBEIHUKA
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CTEITHOM 30HBI Y KPAUHBI.
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1IIOHeLIKI/Iﬁ ooranmueckuit can HAH Ykpaunst
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MOP®OJIOI'TYHI SMIHH ITHJIKY COCHHA KPUMCBKOI (PINUS PALLASIANA D. DON) B
IHTPOAYKUIMHUX HACAJPKEHHAX TEXHOI'EHHO 3ABPYIHEHNX TEPUTOPIU

LI KOpHII/IKOBl, 0.B. Jlanrea®, }O.C. JlitBinenko®

II[OHGHLKI/Iﬁ Ooraniunuit caxr HAH Ykpaiau
*Kpusopisbkuii 6otaniunmii can HAH Ykpainu
3Biocq)epHI/Iﬁ 3anoBiTHUK «AckaHig-Hosa» iM. @.E. @anpi-Deitna

Onucano MOpQOCTPYKTYpHI aHOMalbHI 3MIHM y TWIKY pociuH Pinus pallasiana 40THpBOX
IHTPOAYKIIHHUX HAacaKeHb y CTENOBiH 30HI: y AEHAponapky OiocdepHOro 3amoBiHUKA «ACKaHisg
Hosa» Ta Tppox HacamkeHnb y M. KpuBuii Pir. BctaHoBiieHO, 110 aHOMAaNTbHI 3MiHU Y THJIKY POCITHH
X YOTHPHOX HACA/KEHB TOB'S13aHI 3 Pi3HOIO KNBKICTIO 1 PO3BUHEHICTIO TIOBITPSHUX MilIKiB. YacTka
aHOMAaJIFHOTO MWJIKY Y POCIMH 3anoBigHuka Oyna 4,7 %, y pociauH Tpbox HacamkeHb M. Kpusi Pir
BapitoBaiia Bix 13,2 % mo 24,8%.

Pinus pallasiana, nunox, anomanii, mexnoeenne 3a6pyoneHHs
UDC 581.4:582.475.4(477.62)

POLLEN MORPHOLOGY CHANGES IN PINUS PALLASIANA D. DON INTRODUCED STANDS
FROM TECHNOGENIC POLLUTED AREAS

LI Korshikov !, Ye.V. Lapteva %, Yu.S. Litvinenko *

"Donetsk Botanical Garden of the NAS of Ukraine
ZKrivyi Rih Botanical Garden of the NAS of Ukraine
3 F.E. Pfalz-Fein Askania Nova Biosphere Reserve

Morphostructural abnormal changes were described in Pinus pallasiana pollen of four plantings from
the steppe zone: from Arboretum of Askania Nova Biosphere Reserve and three — from Krivyi Rih.
Abnormal changes in the pollen of these four plantings were found to be associated with different
numbers and development of air bags. The proportion of abnormal pollen in the plants of the reserve
was 4.7%, in three plantings from Kryvyi Rih region ranged from 13.2% to 24.8%.

Pinus pallasiana, pollen, anomalies, technogenic pollution
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