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ITpoBeseHH UCCIEROBAHUS 110 M3YYEHHIO YCTOMYMBOCTH COCHOBBIX HACAKICHUI, IPOM3PACTAIOMINX B pa3iIHd-
HBIX 371a()UECKUX YCIOBUSX OPOIHOTO OTBAJa YrOJIbHOIO pa3pesa 110 MOKa3aTelsiM aHTHOKCHAAHTHOM CHCTEMBI
1 J)KU3HEHHOMY COCTOSIHUIO pacTeHH. BBIsIBICHO, 4TO, HECMOTpS Ha caMble HeOJIaronpusTHEIE daaduueckue yc-
JIOBMSI, MAaKCUMaJIbHasl YCTOMYMBOCTh COCHOBBIX HACQKICHUH OTMEYEHA Ha CIUIAHUPOBAHHOM OTBaje Oe3 HaHe-
CEHMs MOTEHLHUAIBHO IUIOJOPOAHOTO CIIOS MOYBBEL. JTO 00ycnoBieHo Oosiee 3¢h(eKTHBHON paboTON aHTHOKCH-
JAHTHOM CHCTEMbI XBOH, IPOSBIIIOLICHCS B yBEIMYCHUH COJCPKAHUS aCKOPOMHOBOH KUCIIOTHI U CYMMBI Kapo-

THHOUIOB.

KiroueBsle ciioBa: cocHa o0ObIKHOBeHHas (Pinus silvestris L.), HIOpOIHBIN OTBaJl, arpOXUMHUYECKUH COCTaB, JKH3-
HEHHOE COCTOSIHHE, aCKOPOMHOBAs KUCIIOTA, KAPOTUHOWIEL.

B Kysbacce napymeno okomo 100 Thic. Ta 3e-
MeJTb, U3 HUX OOJNBIIYIO TUIOMIAIs 3aHUMAIOT OTBAJIBI
BCKPBILIHBIX TIOPOA. B pe3ynpTare yriaegoObrau mpo-
HCXOIUT HW3MEHEHHE penbeda MECTHOCTH, ITOJTHOE
WIM YacTUYHOE HapylleHHE IIOYBEHHOI'0 IOKPOBa,
BOJIHOTO, BO3JIYIITHOTO U MHUILIEBOTO peXHUMa MOYB, YTO
BeJIeT K U3MCHEHHIO OHOTeOIeHO03a B IIeTIoM. B cBs3u
C OTHM, PKOJOTHYECKash peabMINTalus TEXHOTCHHBIX
3eMelb CTAaHOBHUTCS aKTyaJbHOH M COLMAIBHO BaXK-
HOH mpob6IeMoii.

CocHa oObikHOBeHHAs (Pinus sylvestris L.) sBis-
eTCs OIHOW M3 OCHOBHBIX JIECOOOPa3YIOIIUX IMOPO],
IIMPOKO HCIOIB3YeMOi B OMOJIOTNYeCKO peKyIbTH-
BallU{ IOPOJHBIX OTBAJOB YTOJBHBIX MECTOPOXKIE-
auii Ky36acca [1]. OHa mpeBOCXOUT MHOTHE JIeCO-
oOpasyromue MOpoAbl MO HETPeOOBATENBHOCTH K
MOYBEHHOMY IIIonopoanio [2, 3, 4]. OgHako ocraet-
Csl HESICHBIM BOIIPOC O MEXaHU3Max €€ YCTOWUMBOCTH
B DKCTPEMAJIbHBIX YCIOBUSIX CPEIbL.

W3 nuTtepaTypHBIX HCTOYHHKOB HM3BECTHO, YTO
BaXXHEHUIIIMM MEXaHU3MOM yCTOMYMBOCTH B HeOjaro-
MPUATHBIX SKOJIOTHYECKUX YCIOBUSX SBISIETCA aKTH-
BU3aIIMsl MHOTOYPOBHEBOW OMOXUMHUYECKOH CUCTEMBI
AQHTUOKCUJAHTHOW 3allUThl, B KOTOPYIO BXOIMT
Oonpmoe unciio KoMmoHeHToB. Cpenn HUX ocoboe
MECTO 3aHHMAIOT HU3KOMOJIEKYJISIpHBIE METa0OJHTHI,
IPOSBJISIOIINE AaHTHOKCUIAHTHBIE CBOICTBA, B 4acT-
HOCTH aCKOPOMHOBAsI KUCIIOTA U KAPOTHHOMIHI [5, 6,
7]. B nocnennee aecATuieTHe B HAyYHBIX KypHajax
aKTUBU3HMPOBaHA MyOnHKamus padoT, CBI3aHHBIX C
HU3Y4YECHHUEM COJEp)KaHUS aHTUOKCHIAHTOB B pacTe-
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HUSIX, MPOU3PACTAIONINX B YCIOBHUSIX TEXHOTEHHOTO
sarpsizaenus [8, 9, 10, 11, 15]. B cBs3u ¢ yem, akry-
ATbHBIMA SIBIISTFOTCSI MCCIEAOBAHUSI O POJH aHTHOK-
CUJAHTHOW CHCTEMBl B YCTOHYMBOCTU JIPEBECHBIX
HacaXJACHUA HAa TEXHOTCHHO HAPYIICHHBIX 3EeMJISX
Kysbacca.

Ilens paboThl — M3y4YEHUE POJU AHTHOKCHUAHT-
HOM cHCTEMBI B yCTOMYMBOCTH COCHOBBIX HAcaxKIe-
HUH, TPOU3PACTAIOIINX B Pa3IMYHBIX 3Ta(PUUICCKUAX
YCJIOBUSX MOPOJHOTO oTBasia KeapoBCKOro yrojibHO-
ro paspesa. B 3agauy uccienoBanuii BXOIUIO U3yue-
HHE KOMITOHCHTOB aHTHOKCHUIAHTHOW CHCTEMBI — CO-
JIEpKaHUs aCKOPOMHOBON KHUCIOTHI U CYMMBI Kapo-
THHOMWJIOB B XBOC COCHbI OOBIKHOBCHHOH, a TaKxKe
OIICHKA >KH3HEHHOTO COCTOSIHHSI — KaK MHTETPaIbHO-
TO MOKAa3aTelNsl yCTOMNYHMBOCTH PACTCHUH.

MATEPHUAJ N1 METOJbI

UccnenoBanusi mpoBeneHB B JIETHUH TEPHOJT
2010-2011 rr. B xauecTBe 0OOBEKTOB HCCIIEAOBAHUI
BBIOpaHbI HACAXKIIEHUSI COCHbI OOBIKHOBEHHOM (Pinus
sylvestris L.) 10-15-netnero Bo3pacta. Ha Teppuro-
pUH TOPOAHOTO OTBANa BBIOPAHBI TPH IUTOMIAKU
nabmoaenuid (ITH): [TH 1 — cnnmanupoBaHHBINA OTBaI
C HAHECEHHWEM MOTEHIHAIBHO TUIOIOPOTHOTO CIIOS
(TIIIC), ITH 2 — MexxoTBasIbHAs BriajguHa Oe3 HaHece-
nus [IIC, [TH 3 — cnjmanupoBaHHBIA OTBasl 03 Ha-
Hecenus [IIIC. C kaxnoii I1H uccnenoBanu mo nare
MOJICITEHBIX JIEPEBBEB.

[ OMOXUMHIYECKUX aHAJIH30B y AEPEBbEB OTOM-
pajy XBOIO BTOPOrO rofa 0e3 BHUIMMBIX MPU3HAKOB
TTOBPEXKICHUH, COOpaHHYIO C HUKHEU TPETH KPOHEI C
FOXKHOHM CTOPOHBI C TIOMOIIBIO0 cekatopa. Omnpexene-
HUE COAepKaHUS acKOPOWHOBOW KHUCIIOTHI B XBOE
MPOBOJIMIIA TUTPOMETPHUUECKUM METOJIOM C TpUMe-
HeHueM mHIo(deHomoBoro peaktusa [12], comepxka-
HUE CYMMBI KapOTHHOHJIOB — CIEKTPO(OTOMETpHYE-
ckuMm MmetosioM [13]. UccnenoBano 540 pactutensb-
HBIX 00pas3IoB.
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Jnst onenku >kxu3HeHHOTo coctosiaust (JKC) mpu-
MEHSUIM BU3YaJIbHBIA METOJ, B OCHOBY KOTOPOTO IIO-
JIO’)KEHO OMpeJieNieHNe CTETICHH HapyIIeHHUs] aCCHMU-
JSIAOHHOTO amiapaTta u KpoH. B 3ToM ciydae ore-
HuBajcsa: 1 — npoueHT xuBbIxX (P;) BeTBeil B kpoHax
nepesbeB (10 % = 1 6amn); 2 — creneHb 0XBOSHHOCTH
kpoH (Py) (10 % = 1 6amn); 3 — mporieHT xuBoi (6e3
Hekpo3oB) xBou (P3) (10 % = 1 6amn); 4 — cpenanwmii
nponeHt (P4) sxuBoit miomaau xsou (10 % = 1 Gamn).
CyMMapHasi OIIEHKa COCTOSIHHSI HACaXJICHUW COCHBI
(CB) mpoBoamnack o ¢opmyne: Ce =Py + P, + P3 +
P;. MakcumanbHas BelIMYMHA COCTOSIHUSI COCHBI B
HOPMAaJBHBIX HACAKICHUSIX COCTABISIET II0 3TOMY
Metony 39-40 GaysioB, a B OCNAOJCHHBIX U YChIXato-
mux — meree 39 [14]. TIoBTOPHOCTh OMOXUMUYECKUX
OTIBITOB — TPEXKpaTHAasA, MOPPOMETPUIECCKUX — JIECs-
THUKpaTHAs.

AHanu3 3MOpHO3eMOB TPOBEACH B aKKPEIUTO-
BaHHOM HCIIBITATEILHOM IEHTPE arpOXUMHYECKOM
cyx0er OI'Y TTAC «Kemeporckuit». Cratucruye-
CKU aHalW3 JAaHHBIX BBIMOJHEH C HMCIIOJIb30BaHUEM
nakeTa MPUKIAAHBIX mporpamm Statistica 6.1 u Mi-
crosoft Office Excel 2007 (JinuieH3uOHHOE coTJaile-
aue 74017-640-0000106-57177). Kputndeckoe 3Ha-
YEHHE YPOBHS CTATUCTUYECKOW 3HAYUMOCTH MPHUHH-
manoch paBHbIM (,05. Ommcanne KOJMYECTBEHHBIX
MPU3HAKOB B HCCIICAOBAHHBIX IDIOMAAKAX HAOIOzIe-
HUH TPOU3BOAMIOCH C HCIHOJB30BAHUEM CPEIHUX

apU(PMETHICCKIX W CPEIHEKBAIPATHUCCKUX (CTaH-
JapTHBIX) ommoOok cpegHero (M+m, roe M — cpen-
Hee, a m — ommOKa CPEeIHEro), CpeAHCKBaApaTHye-
CKUX (CTaHIAPTHBIX) OTKIOHCHHH (Yx) ¥ KO3 DHUIH-
eHTa Bapuauuu (v, %) (tabmuna 2).

PE3YJbTATBI UCCJIEJTOBAHUN
N X OBCYXKJIEHUE

Pe3ynbTaThl arpoXuMHUYECKUX aHAJIM30B TOKa3a-
JIM, YTO SMOPUO3EMBbl HCCIENyEeMbIX TUIOMANOK Ha-
OIIOJICHUH XapaKTepU30BAINCh HEUTPAIBHOW W Clla-
OOIIeTIOYHOM peakiyel cojeBod BeITsDKKH (pH 6,7-
7,5), nanneie npenensl pH, Kak M3BECTHO, SBISIOTCS
ONITUMATBHBIMHA JUTST (DOPMHUPOBAHUSI BBICOKOTO TIO-
TeHImana miogoposus (tadn. 1). Ha Bcex mmomaakax
HAOMIOZAEHUI OTMEYeHa BBICOKas O0ECNEeUeHHOCTb
oomenHbIM KanmeMm (100...170 Mr/kr) u Hu3Kas obec-
MEYeHHOCTh MOABMXHBIM (pocdopom (10...20 Mr/kr).
Ha ITH1 u ITH2 BoIsiBIIeHa cpenHss 00ecneueHHOCTb
HUTpaTHBIM a3oToM (5,1...7,0 Mr/kr). OMOpHO3EMBI
[TH3 xapakTepr30oBaIiCh CaMbIMH HH3KHMU 3Hade-
HUsSMH 00MeHHOro (ochopa 1 HUTpaTHOrO azota (10
U 3,6 MI/KT COOTBETCTBEHHO). TakuMm 00pa3oMm, dM-
Opuosembl Ha [TH3 (crutanupoBaHHBIN OTBa) Oe3 Ha-
Hecernus [1I1C) xapakTepr30BalUCh CaMBIMH HU3KH-
MU 3HAUEHUSMH arpOXUMHUYECKUX I[oKa3aTeneil B
cpasuenuu ¢ [TH1 u TTH2.

Ta6umnna 1. ArpoXyUMHUYECKHUI COCTaB SMOPHO3EMOB HCCIIEAYSMbIX IUIOIAI0K HAOIOICHUI

Hccnenyemble miomanky Ha- HaunmenoBanue nokasaresns
OJr0ICHU I
pH coune- dochop moaBIKHBIH, Kanuit A3sor Opranuveckoe BeIecT-
Bas MI/KT OOMCHHBIN, | HUTPATHBIH, BO, %
MT/KT MT/KT
ITH1 7,5+0,31 20+0,11 100+3,1 3,8+0,016 7,0+0,30
ITH2 7,240,29 10+0,07 170+5,3 9,5+0,041 6,3+0,26
ITH3 7,3+0,11 10+0,09 140+4.2 3,6+0,021 5,1+0,31

[Mpumeuanune (3zecy n nanee): [TH1 — crnmaHnnpoBaHHBIN 0TBaN C HAaHECEHWEM HMOTEHIMAIBHO IUIOJOPOIHOTO CIIOS
(IITIC) ¢ cocroBbiMu HacaxaeHusimu 10-15 netHero Bospacra; I[TH2 — MexorBanbHas BnaauHa 0e3 HaHECEHUS
MIIC; I[TH3 — cnmannpoBanHbIid oTBan Oe3 Hanecenus [1T1C.
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Puc. 1. Conepxanne acCKOpOMHOBOM KHCIIOTHI B XBOE
COCHBI OOBIKHOBEHHOH, ITPOM3PACTAIOIIEH B YCIOBHAX
KenpoBckoro yroiasHOro paspesa
(cpennue nanuwie 3a 2010-2011 rr.)

AHaH3 MOJIYYCHHBIX PE3yJIbTATOB MOKa3aJl, 4To
coJiepyKaHue acCKOPOWHOBOW KHCIIOTHI B XBOE COCHBI
OOBIKHOBEHHOW TECHO CBSI3aHO C YCJIOBHSIMH TPOU3-
pacTaHus U MEHSIIOCHh B 3aBUCHMOCTH OT T'0Jla UCClIe-
noBanus. Ha Bcex IIH makcumanbsHOE conep:kaHue
JaHHOIO  METaboJIMTa  OTMEYAJIOCh B HIOJE
(80,68...83,34 mr/100 r), MUHUMaJIBHOE — B aBIYCTE
(mo 40,12 mr/100 r), 4T0, OYEBUIHO, 3aBUCUT OT (H-
3HOJIOTHYCCKON aKTHMBHOCTH XBOHM. HambOoiee BEICO-
KHE€ 3HAYCHUS COAep KaHUs ackopbaTa B XBOE COCHBI
BeisiBieHBl B 2010 romxy (75,98...86,36 mr /100 1),
HanOonee Hu3kue — B 2011 roxy (32,56...48,08 mr
/100 r).

CpaBHHUTETbHAS XapaKTEPUCTHKA  COJCPIKAHHS
ACKOPOMHOBOW KHCJIOTHI B XBOE COCHBI Ha Pa3IMYHbBIX
ITH no3Boiuia BEIIBUThH, YTO MAaKCHMAaJIbHOE HAKOII-
JICHHE NaHHOTO MeTaboJITa OTMEYCHO Y JCPEBBEB,
MpOoW3pacTalonMX B Haubojee HEOIAronpusTHBIX
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snaduueckux ycnopusx (ITH3), ¢ Hambonee 3Hauu-
MBIM OTJIIMYHEM B ee coiepxanuu oT apyrux ITH B
asrycte (61,28 mr/100 r) — Beime Ha 26 u 35 % B
cpasHenuu ¢ [IH1 u ITH2. Xots B Hayane JeTHErO
nepuosia — B MIOHE, COJepXaHue ackopbara B XBOe
cocHsl Ha ITH3 Oputo HMxe Ha 4% B CpPaBHEHHHU C
ITH1 (puc. 1, Tabm. 2).

W3ydyeHne TUHAMHKH COJCPKAHUS KapOTHHOHUIOB
MOKAa3aJI0, YTO Y COCHBI B YCJIOBHSIX ITOPOJHOTO OT-
Bajla MaKCHUMallbHasi KOHIEHTpalHs TaHHOTO MeTa-
0oJHTa BBISIBIICHA B HIOJIC, C BAPbUPOBAHUEM 3HAUC-
Huii ot 0,33 1o 0,47 mr/r (Tabu. 2).

Tabéauua 2. CpeHie CTATUCTHYESCKIE MTOKA3aTeIN COCHBI OOBIKHOBEHHOM
Ha HCCIeyeMBIX momiaakax Habmoaenuii Kenposckoro yromsHoro paspesa (2010-2011 rr.)

[Inomanxu Ha- Acxkop6uHoBas kuciota (mr/100r) CyMMa KapOTHHOUJIOB (MI/T)
OroeHui M=+m Yy v, % M=+m Yx v, %
ITH1 65,78+2,80 26,59 32,6 0,33+0,008 0,08 23,41
ITH2 50,94+2,98 28,25 41,3 0,47+0,010 0,09 19,50
ITH3 55,99+2,52 23,89 28,8 0,44+0,007 0,07 15,94

OI1lcHKa CTETNCHU N3MEHEHUS B COICPIKAHUU KOM-
TTOHCHTOB aHTHOKCHUJAHTHOW CHCTEMbl y COCHBI B
YCIOBHSIX OTBajia TI0Ka3aja, YTO Ha CTIITaHMPOBAHHOM
otBane 6e3 HaHeceHus IIIIC koHUEHTpanus KapoTu-
HOMJIOB CTaOWJIBHO BHINIE BO BCE CPOKW HaOIOIIC-
Huil. CpaBHHUTEIBHBIN aHAIHM3 IMEPHOAa HCCICI0Ba-
HI/II7[ JAHHOTI'O MeTa6OJ]I/ITa B XBO€ COCHBI B 3aBUCHUMO-
CTH OT YCJIOBHH NMpOW3pAcTaHWs TOKa3al, 4yTo Mpo-
CIIC)KUBAIOTCS OOJiee BHICOKWE 3HAYCHHUS B COJEpIKa-
Huu gagHoro nurMmenrta Ha ITH3 — Bemue #a 30% u
6% B cpasuenuu ¢ [TH1 u [TH2 (puc. 2).
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Puc. 2. ConepxaHue CyMMbI KAPOTHHOHUIOB B XBOE
COCHBI OOBIKHOBEHHOH, NPON3pACTAIOLIEH B YCIOBHUIX
KenpoBckoro yrosisHoro paspesa
(cpennue nannbie 32 2010-2011 1T.)

Takum o0Opa3oM, B XBO€ COCHBI OOBIKHOBEHHOH,
Ipom3pacTaiomieil Ha CIUIAHMPOBaHHOM OTBaje 0e3
HaHeceHus IIIIC, mpoHcXoOUT HaKOIUIEHHWE acKop-
OMHOBOI KUCIOTHI M KapOTHHOUAOB, YTO yCHUJIMBAET
3((HeKTUBHOCT, aHTHOKCUAAHTHOH CHCTEMBI U CIIO-
COOCTBYET MOBBHIIICHAI0 YCTOWYMBOCTH COCHOBBIX
HaCaXJCHUH B HEOJArompUATHBIX YCIOBHAX MPOU3-
pactranus. Ilo JaHHBIM KOPPENSIMOHHOTO aHAIM3a
YCTaHOBJIEHA II0JIOKUTENIbHAS B3aUMOCBSA3b MEXIY
ACKOpOMHOBOW KUCIOTON M CyMMOI KapOTHUHOUJIOB Y
COCHBI OOBIKHOBEHHOH Ha MCCIEIyeMbIX TUIOMIAIKaX
HAOIOJICHUH yroJibHOTO MmopoaHoro oTana (r=0,64,
mpu p<0,05, n=540).

AHanu3 pe3ynapTaToB M0 M3YUYEHHIO KU3HEHHOTO
COCTOSIHUA JiepeBheB mokasain, yro Ha [TH3 y cocHbr
oTMedeH MakcuManbHbiid 6ayn JKC (39,64) — Brinie
Ha 2 u 4% B cpaBHenuu c¢ [TH1 u [TH2. Ha ITH]1, He-

CMOTpsI Ha TO, YTO JaHHAs TUIOIIAJKA HaOJIOJCHUHA
XapakTepu30oBaJlach ~ Hamboiee  ONaronmpUsITHBEIMU
saapUUECKUMH YCIOBUSAMH [JIs1 pOCTa U Pa3BUTHSA
pactenuii, 6amn KC MUHHMAaIeH U COOTBETCTBOBAI
36,6. Camxenne XXC mponcxoauno 3a c4eT yMEeHb-
LIeHHUs KUBBIX BETBEH B KpOHE, CHIXEHHSA OOJIHCT-
BCHHOCTHU KPOH, YBCJINYCHUA MOBPECKIACHHBIX HEKPO-
3aMHU JIMCTHEB U CHUO)KEHUS JKUBOM 101U JIUCTA.

3AKVIIOYEHUE

HOHy‘leHHLIMI/I pe3yibTaTaM YCTAHOBJICHO, YTO
MaKCHMaJbHAasl YCTOMYMBOCTH COCHOBBIX HAacCaKie-
HUIl OTMCUCHA Ha CIUIAHUPOBAHHOM OTBaje Oe3 Ha-
Hecenus [1I1C (ITH3), necMoTps Ha camble HebIaro-
npusiTHBIC 3nadudeckue ycnosus. Ha TTH3 Bwisiite-
HO YBEJIMUCHUE COICPIKAHUS aCKOPOMHOBOH KHCIOTHI
U CyMMBI KapOTHHOHWIOB, YTO CBSI3aHO ¢ Ooisee 3¢-
(exTuBHOW paboOTOW AHTUOKCHIAHTHOW CHCTEMBI
XBOU. DKCIIEPUMEHTAIBHBIC JTaHHBIC MO3BOIIIIOT CJIe-
JaTh BBIBOJ O BO3MOXKHOCTH HCKIIFOYCHUS M3 TEXHO-
JIOTHYECKOTO dTama pPeKyJbTHBALUH OICPaluil II0
HAaHECCHHIO MOTECHIIMANBHO IIOAOPOTHOTO CIIOS TI0Y-
BBI, KaKk Hed()()EKTHUBHYIO, B CIydae HCIIOJIH30BAHUS
[IOCAI0K COCHBI OOBIKHOBEHHOI.
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THE ROLE OF THE ANTIOXIDANT SYSTEM IN THE SUSTAINABILITY
OF PINE PLANTATIONS IN THE CONDITIONS OF A COAL DUMP

© 2013 O.L. Tsandenkova, O.A. Neverova, E.Yu. Kolmogorova

Institute of human ecology of the SB RAS, Kemerovo

The sustainability of pine stands growing in different edaphic conditions of the rock dump of the coal mine on indi-
cators of the antioxidant system and the life of plants was studied. It was revealed that, despite the most adverse
edaphic conditions, the maximum stability of pine plantations was marked on the planned dumping site without
causing potentially fertile soil layer. This is probably due to more efficient work of the antioxidant system of the
needles, which manifests itself in the increase of the content of ascorbic acid and amounts of carotenoids.
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