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AKTYaJIbHOCTH MPO0JIeMBbI

N3-3a  ocoOenHocTell kinumaTa Ha Oonpiieil Tepputopuun Poccun,
IPOMBIIIJIEHHOE MPOU3BOJACTBO JIEKOPATHBHBIX PACTEHUH BO3MOXKHO TOJIBKO B
YCIIOBHSIX 3aluuieHHoro rpyHta. [Ipm 3TOM, Ha BCeM NpPOTSKEHHH IpoLecca
BEreTAllUd pPACTEHUsl IOABEP)KEHbl HETaTUBHOMY BO3ACHCTBHIO CTPECCOBBIX
(aKkTOpOB PA3NUYHON MPUPOJBI, UTO NMPUBOAUT K CHUKEHHUIO MPOAYKTUBHOCTH 32
cyeT HHruOupoBaHusi pocta U (orocuHrTeza. M3yueHue mnyTed MOBBIIICHUS
YCTOMYMBOCTU pAaCTEHUl K HeOJaronpusaTHbIM (aKTopaM BHEIIHEW Cpe.bl
OTHOCUTCA K 4YHUCIY HPHUOPUTETHBIX HAIPABIECHUNA COBPEMEHHOM arpoXuMuu

bu3MoI0run pacTeHUM.

TpanmuioHHO HCTOIB3yEMBbIE B TEILIUIAX TPYHTHI (TOp(d, CMEMIAaHHBIN C
KaKUM-JTHM00 HANOJHUTEIEM, KaK MPAaBUIIO, C arpONEPIUTOM) CHIIBHO OTINYAIOTCA
OT TIOYB E€CTECTBEHHBIX AarpoleHO30B, OCOOEHHO MPOIIECCaMH, CBSI3AHHBIMU C
MoOWIIM3aIell W WMMOOWIHM3aleld MUTATENbHBIX 3JIeMEHTOB. HapymieHue
OajlaHca B MUTaHUM MPUBOAUT K OCHAOJEHUIO MMMYHUTETAa pPACTEHUU M, Kak
CIENCTBUE, K 3aMETHOMY CHMXEHHIO KayeCTBa M KOJIMYECTBA TOBAPHOU
MPOJIYKIHU H3-32 BBHICOKOTO YPOBHS 3a007€BA€MOCTH B COBOKYIMHOCTH C OOILEH

HU3KOM CTPEeCcCOyCTOMYMBOCTBIO JEKOPATUBHBIX KYJIbTYP.

CoBpeMeHHass TEXHOJOTUs BBIPAIIMBAHMS JEKOPAaTUBHBIX PACTCHUM B
YCIIOBHSIX 3alUIICHHOTO TPyHTa BKJIKOYAET 0O0s3aTElIbHbIE MIPHEMBI, KOTOPBIE
o0ecneunBaOT MX 3alIUTy OT O0JIe3HEH, OCOOEHHO BBI3BAHHBIX MATOTEHHBIMU
MUKpoOMULIeTaMU. B mocnenHee BpeMs CTajio aKTHMBHO pa3padaThiBaThCs HOBOE
HalpaBJICHUE 110 CO3JAHHUIO [PENapaToB, IIPUMEHEHHE KOTOPBIX B KOpHE
OTJIMYAEeTCs OT KJIACCHMYECKMX (QPYHTMUUIOB — OHONpenaparoB, a Takke
AHTUCTPECCOBBIX ECTECTBEHHBIX COCAUHEHUM, NPUMEHEHUE KOTOPBIX HE TOJBKO
YHUUTOXKAaeT MCTOYHMK HH(EKIUU, HO M CHUXKACT UX HETaTUBHOE JEHCTBHE U
YKpEIUIIeT HMMMYHHBIE CBOMCTBA PACTECHUM, CO34aBasi aKTUBHBIM M IIOBBILIAS
[IACCUBHBIM HMMMyHHUTET. lcmosb30BaHME TakuX IIPENnapaToB XapaKTEPU3YeTCs

PAIOM MPEUMYIIECTB IE€ped TPAAULIUOHHBIMM XUMHYECKHMMHU CpPEICTBAMH
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(bynrumuoamu).  OTO  CBS3aHO ¢ OMOJOTHYECKOM 0€30I1aCHOCTHIO,
CUCTEMHBIM ¥ TPOAOKUTEIHHBIM HWMMYHOMOMYJIHPYIONUM JE€HCTBHEM, C
dbopMupoBaHHEeM OOJBIIOTO KOJUYECTBA 3alIUTHBIX CHUCTEM Y pacTeHUi, He

IMMO3BOJAIOINNX aJalITUPOBATHLCA IIATOICHAM.

Hcnonb30BaHne MEXaHU3MOB IIOBBIIMICHUS HUMMYHHUTETA CaMHUX DPAacTECHUU
SBJISIETCS peaJbHOM W Oe3BpeHON anbTepHATHBOW BHeceHUs GyHTUIUI0B. B
OTIMYAE OT 4YEeJOBEKa, I[IaCCUBHYI0O HWMMYHM3ALHI0 pACTEHUN IPOBOIAT
XUMUYECKUMH COEIMHEHUSIMU (a0MOTUYECKUMU HHAYKTOpPaMH), 3alyCKaIoIUMU
CUHTE3 Hecrnenupuyeckux (akTOpoB 3allUTHL. Y CTONYMBOCTh PACTEHUH MOXHO
HOBBICUTh Pa3HbIMM NPUEMaMHU, B TOM 4YHCJIE U BHECEHUEM MUKpPOYIAOOpEHMI
(Mmmynuter pacrenunii, 2005). TakumMu MHUKpPO3JIEMEHTaMU, PACTBOPbI KOTOPBIX
o0nanaroT ne3uHPUIUPYIOITUMU CBOWCTBAaMHU, IIpEAIECTBEHHUKAMU
(GUTOTOPMOHOB WJIM  YKPEIUIAIOMIMMHM  TOKPOBBI pacTeHus (MeXaHU4eCKUui
UMMYHHTET), SABISAIOTCA COCIMHEHHUs Oopa, MeIu, LIMHKa U KPEeMHHs, a TaKxKe,

(bHTOFOpMOHaJIBHOG COCIMHCHUC — CaJIMIIMJIOBasA KUCJIOTA.

Baxunenmmi 1mokasarenb, KOTOPBIM BIMSAET Ha IIACCUBHBIA MMMYHHUTET
pacTeHui — ypOBE€Hb MHUHEpaldbHOro nurtanus. Huskoe conepkaHue B TpyHTax
NoABWXHBIX (opMm (docdopa, Kamusgs U MHUKPOIIEMEHTOB, UTO CBSI3aHO C HX
uMMOOWIM3aMeil B TpyHTE, T.e. 3aKpeIIeHHEM B OpPraHOMHUHEPAIbHBIX

KOMILIEKCaX — OJIHA M3 OCTPhIX Mpobiem B Terumuiax (Muumresa, 1998).

Co3aHre aKTUBHOIO HMMMYHHUTETa IIyTEM BHECEHHSI B CUCTEMY TIpYHT-
pacTeHrue OMOTHYECKUX MHIYKTOPOB — HauOoJiee MEepPCIEeKTUBHBIN MyTh CO31aHUS
«3I0pPOBOI» cpenbl OOUTaHMSI PACTEHHM, 3TO MOMKET OBbITh HHTPOIYKIUS
MUKpPOOPTraHU3MOB-CYIPECCOPOB, 3aTPYAHSIONMX pPa3BUTHE (UTONATOTEHHBIX
dbopM MHUKPOOMOTHI WM 00pabOTKa TPYHTOB M PACTEHHI OuompenapaTtamu C

CeJ'IeKTI/IBHO-6I/IOI_[I/II[HLIM I[eﬁCTBHeM.
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OTU BOIIPOCHI CIEAYET OTHECTH K YMCIy HaubOoyiee aKkTyalbHbIX U IOKa
HEOCTaTOYHO  Pa3pabOTaHHbIX NPOOJIEM  COBPEMEHHOIO  JIEKOPATUBHOIO

LIBETOBO/ICTBA.

Heab pabdorbl — Pa3paboTarh METOMOJOTHYECKHE MPUHIIUIBI ONTHUMHU3AINAN
NUTaHUS PO3 OSKOJOTWYecKH O€30MacHbIMM MpUEMaMH JJIS  YBEJIUYEHUs
YCTOMYMBOCTU pPACTEeHU K (DUTONMATOTEHHBIM MHUKPOMHUIIETAM B YCJIOBHSIX

3aIIMIIEHHOTO TPYHTA.

3agauun uccJIe10BaAHNM:

— Pa3paboraTe myTH NOBBIIIEHHUS] €CTECTBEHHOIO MMMYHHUTETa po3 (PoIrapHBIM
BHECEHHEM MMKpPOIJIEeMEHTOB (0Op, IMHK, Meb) M pacTBOpa CaJUIMIOBOU
KHCJIOTBI, T.€. AHTUCTPECCOBBIMU COEAUHEHUSAMH. ONpenenuTh COAEPKaHUE ITHX
AJIEMEHTOB, a TAKXKE MaKPOJIEMEHTOB BO BCEX BEr€TaTUBHBIX OpraHax pacTeHUH U
UX BOJOPACTBOPUMBIX (JOPM B ITPYHTAX;

— Bpbigenute U3  nOpuUpOAHBIX  OOBEKTOB MHKPOOPTaHU3MBI, O0JIaJarome
3aIaHHBIMA ~ CBOMCTBaMM  (CHUJIMKATHOM, a30T(UKCHUPYIOLIEH, XUTHHA3HOM,
docdarazHON aKTHUBHOCTHIO), KaK OCHOBY i OaKTepUalbHBIX IMpEnaparos,
alIbTEPHATUBHBIX (YHTUIIMIAM, CO3JJaHHBIX Ha OCHOBE XUMHUUYECKOTO CUHTE3a;

— Cozpgath cUCTEMY ONTHMMAJbHOTO MHHEPAJIbHOIO IHTAaHUS PO3 32 CYET
IPOLECCOB MOOMIIM3AIMHU MMUTATEIBHBIX AIIEMEHTOB B IPYHTAX, CIIOCOOCTBYIOILYIO
NOBBIUIEHUI0 HUX  €CTECTBEHHOTO  HMMMYHHUTETA, KOPHEBBIM  BHECEHHEM
OaxkTepuaIbHBIX MPENapaToB U KPEMHUKCOAEPKAILEro y100peHHs (IMaTOMUTA);

— OnpenenuTs U3MEHEHUE COCTaBa U CTPYKTYPbl MUKPOOOIIEHO3a ITPH COBMECTHOM
BHECEHUM B T'PYHT OaKTepUaIbHBIX IPENapaToB U JUATOMUTA U €O BIUSHUE HA

MO6I/IJ'II/ISaI_[I/IIO IMUTATCJIbHBIX 3JICMCHTOB,

— WMByuutsr pgedictBue u mnocneneicTBue ¢GoauapHol 00paOOTKH JIMCTHEB PO3
OAIMIUIAPHBIMY TIpEriapaTaMu Ha COJIEPKaHHE B PACTEHUAX MAaKpPOIJIEMEHTOB,
U3MEHEHHE MHKPOOHMOJIOrMYECKOr0 COOOIIecTBa B TPYHTaX, OHNUPUTHBIX U

SHAO0(UTHBIX MUKPOOPTaHU3MOB;
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— OueHutb BIHAHUE OHOTHYECKMX U aOMOTHYECKHX UHAYKTOPOB Ha
onomMaccy, JJIMHY U LBETEHHE PACTEHUH, YPOBEHb MOPAXKEHUS MX NATOT€HHBIMU

MHUKPOMHLCTAMM.

— OnmnpenenuTs B pacTEHUAX AaKTUBHOCTh AHTHOKCHUIAHTHBIX (EPMEHTOB
(kaTana3bl, MOMM(PEHOIOKCHIA3bl, AaCKOpPOATOKCHIA3bl), a TaKKe CyMMY
OpraHUYEeCKUX KHUCJIOT U TOKa3aTeau YIJIEBOJHO-OENKOBOro oOMeHa, Kak

OMOXMMHUYECKUX (PAKTOPOB YCTOMUYUBOCTH PACTCHUIA;

— HccnenoBath CIOCOOHOCTh K YKOPEHEHMIO UYEPEHKOB pPO3 C INPUMEHEHUEM
OaKkTepuanabHOIO Mpenapara U WHAOIMIYKCYCHONW KUCJIOTHI MPU BBIPAIIMBAHUU B

IpyHTax € pa3HbIM COJIEP)KaHUEM OPraHUYECKOrO BEIIECTBA.

Hay4yHast HOBM3HA

BriepBbie pa3paboTaHbl METOJOJOTHYECKHE MPHUHIUIBI (JI03bI, CPOKH U
CIocoObl BHECEHUS) YIYUIICHUsI (PU3NOJIOTO-OMOXHMUYECKOTO COCTOSIHHUSI P03 U
arpoOMOJIOTUYECKOr0 CTaTyca TPYHTOB SKOJIOIMUYECKHd O€30MacHbIMU METOJlaMHu
(OuoTnyeckuMu U AOUOTUYECKMMU MHIYKTOpPAMH) B YCIOBUAX 3allUIIEHHOTO

IPYHTA.

BnepBbie BbIZIeTICHB W3 NPUPOAHBIX OOBEKTOB KYJIBTYPhl CHIMKATHBIX
nouBeHHbIX Oaktepuii (Bacillus macerans, nsa mramma Bacillus circulans u
accormarmio — Bacillus sp. + Corynebacterium sp.), oGiamaronux He TOJBKO
GYHTUIIMIHBIM ACHCTBUEM, HO M CHJIMKATHOW aKTUBHOCTBIO, KOTOPHIE TOBBIIIATN
7¢h()EKTUBHOCTh BBHIpAIIMBAHUS PO3 B 3aluiieHHOM rpyHTe. [lokazaHo, d9TO
BBIJICJICHHBIE KYJBTYPbhl CHOCOOHBI K MOOWJIM3ALMU TPYAHOPACTBOPUMBIX (POpM
Kanus, KpeMaust u Gocdopa B TEIMIIMIHOM TPyHTE TOP(D:MEPIUT, UTO 0OECIEUNIIO
yIIy4IlIEHHE MUTATeJIbHOIO peXuMa po3, U, KaK CleAcTBHE, MOP(HOMETPUUECKUX
noKaszareyied pacTeHHidl. YCTaHOBJIEH OWOIMAHBIA 3(PQdeKT OakTepuaIbHbIX
MpenapaToB B OTHOIIEHUH MUKPOMHIIET, MOPAXKAIOIMIMX PO3bl B 3aLIUIIEHHOM

rpyHTe. Jloka3aHn ¢akT yBenuueHusi oOIIed YHUCIEHHOCTH MHUKPOOPTaHU3MOB U
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MepecTPOK MUKPOOHOTO COOOIIECTBA B TEIUIMYHOM TPyHTE MpU 00paboTKe ero
OaKTepHAIBHBIMUA TIpeTapaTaMi C BBITECHEHHEM (UTOMATOTEHHOTO KOMILIEKCA

WHIYIIMPOBAHHBIMU KYJIbTYPaMHU.

BnepBrie mpoBeseHO M3yYEeHHE YKOPEHEHUS YEPEHKOB PO3 B TEPMETHYHO
3aKpBIBAIOIIUXCS TMakeTax. McciieoBaHO TOTJIONICHHE OCHOBHBIX IMHUTATEIhHBIX
anemMeHTOB (azora, d¢ochopa W Kaaus) pACTCHUSMH Ha TIEPBBIX ATanax
ykopeHeHus. [loka3aHO, YTO BBICOKME KOHIICHTPAIIMM OCHOBHBIX OMOTEHHBIX
anemeHToB (NO3 — 210 mr/100 r u P,Os — 54,2 Mr/100 1) u opraHu4eckoro
BemiectBa (50%) B rpyHTE B COOTBETCTBUU C TpajallisiMH O0OECIIEUEHHOCTH HE
OKa3bIBAIOT OTPHUIATENIFHOTO BIMSHUSA Ha TpoIlecC pHu3oreHesa. lM3ydena
YCTOWYMBOCTh UYEPEHKOB K (PUTOMATOTCHHBIM MHKPOOpPTaHM3MaM, a TaKkKe
MUKPOOHOJIOTUYECKHE MPOIECCHl B TPYHTE, MPOUCXOAITNE TIPH TaHHOM CIIoco0e

YKOPECHEHHUS.
IIpakTHyeckass 3HAYMMOCTh

[ToryueHHble U anpoOUpPOBaHHBIE PE3YIbTATHl MOTYT OBITh PEKOMEHI0OBaHbI
BCEM TEIUIMYHBIM XO3SIMCTBAM IO YJIYYLICHHIO YEPEHKOBAHUS M IUTAaHUs PO3, a
TaK)K€ 3aIIUThl UX OT (PUTOMATOIEHOB 3KOJOTMYECKH O€30IaCHBIMHU METOAAMH.
Pa3pabotannbpie OuompemnapaTl MOTYT OBITh HCHOJB30BaHbl HE TOJBKO B
3aIIUIICHHBIX TPYHTAX, HO U OTKPBITHIX, I YIYYILICHUA IUTaHUS JEKOPATUBHBIX

pacTEHUN.

JlaHbl pekoMeHJAIMU IO J103aM M CHoco0y BHECEHHUS MHUKPOAJIEMEHTOB

(6op, Meb, ITMHK) U CAMIIMIIOBON KHUCIIOTHI.

Pe3ynbTaThl gaHHOU paOOThl MOTYT OBITH UCIOJIB30BAHBI B CaJ0BOJYECKUX
xo3siicTBax. B xozae uccnenoBanuii ObIO MOKa3aHO, YTO KOJIUYECTBO YKOPEHEHBIX
YEepPEeHKOB P03 B IePMETUYHO 3akpblBaronuxcs mnaketax c¢ 3amkom ZIP-LOCK
cocTasisieT 0k0y10 90%, B TO BpeMs Kak B TEIIMYHBIX XO3SIMCTBAX 3TO KOJIUYECTBO

cocrasisger MeHaee 30%.
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Ha ocHoBe mpoBeaeHHOI paboThl pazpaboTaHa UHCTPYKIIUS 1o
YKOPEHEHHI0 YEPEHKOB PO3 B TE€PMETHYHO 3aKPBIBAIOIIMXCS MMaKeTax JJis
VYIBSHOBCKOIO COBXO03a JIEKOPATUBHOI'O CaJ0BOJICTBA, MOJYYEH aKT O BHEAPEHUU

pe3ynbTaTOB MCCIIEIOBAaHUH.
OcHoBHBIE 3al[UIIaeMble T0JI0KEeHUs JUCCEPTANMOHHON PadoThI:

1. Jloka3zaHO Ha OCHOBE BH3YaJbHBIX MPHU3HAKOB U (PU3NOJIOT0-OMOXUMUYECKUX
XapaKTepUCTHUK, YTO MSITUKpaTHas donuapHas oO0paboTka po3 OJWH pa3 B JBE
HeAeau 60POM UM CMECHI0 MUKPO3JIEMEHTOB (00p, IIMHK U ME/b) B ABOMHOM /103€
OTHOCHUTENIFHO KOHIIEHTPAIMM 3THX MHKPORJIEMEHTOB B OOILEHIPUHITON CMecH
XornaHzaa, yBeJIMYMBAET UX YCTOMYMBOCTh K (PUTONATONEHHBIM MUKPOMMIIETAM B

YCIIOBUAX 3alIUIICHHOT'O I'PYHTA.

2. Ilokazano, 4yto mpu GonauapHo 00pabOTKe pO3 MUKPOIIEMEHTAMH B YCIOBHUSIX
TEPMUYECKOTO CTpecca, B PACTEHUSIX MPOUCXOIUT HAKOIUICHHE MEIU W ITMHKA B
nucTe. B mepuon Beretanuu ¢ ONTUMAIbHOU TEMIIEPATYPOU, 3TH MUKPOIIJIECMEHTHI
KOHIICHTPUPYIOTCSI B KOPHSIX paCTEHHUsA, TIOCe ISITHKpaTHOW (omuapHOn
o0paboTku po3 Oopom mnpu neduUTe B PACTCHUU IIMHKA, KOHIICHTpAIUs
MOCIIEIHETO DJIEMEHTa B PACTCHMM TMOCJIEIHEr0 3HAYMMO TIOBBIIIACTCSA, YTO

yIIy4lIaeT MUKPOJJIEMEHTHBIN CTaTyC pO3.

3. JlokazaHo, 4TO Ha MacCy KOpHEW pacTeHUM, BIUSET HE TOJBKO COJICp)KAHUE B
HHUX T[UTATEJbHBIX JJEMEHTOB JIO YEPEHKOBAaHHMS, KOHLEHTpAUus B TPYHTE
HUTPATHOIO a30Ta, MPU JOCTATOYHOM KOJMYECTBE aMMOHUINHOTO U TUIl KOPHEBOU
CUCTEMBI P03, HO M META0OJIUTHI TPUMEHSIEMBIX B HCCIICIOBAHUSAX OaKTepUaTbHBIX

KYJbTYP, BbIICJICHHBIX U3 IPUPOIHBIX OOBEKTOB.

4. JlokazaHo, dYTO MATHKpaTHas ¢onmapHas o0paboTka po3 CycHeH3ueu
BBIJICJICHHBIX W3 TPUPOAHBIX OOBEKTOB MHKPOOPTaHU3MOB, OOJIAArOIINX
XUTHHA3HOW ¥ a30T(OUKCUPYIOIMIMMH aKTHBHOCTAMH M  CIIOCOOHOCTBIO K

YBEJIIMYEHUIO COJEpKaHUS TOCTYHNHBIX (QopM a3ora, pochopa Kaaus U KpemMHHUS,
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YMEHBIIIAET KOJUYECTBO MATOTEHHBIX SMUGUTHBIX u SHJI0(PUTHBIX
MHKPOMHIIETOB B JINCThAX PACTEHHM, B TPYHTax IIOJ HUMH U B BO3JAyXE B
HECKOJIBKO pa3s.

5. Jloka3aHo, 4YTO  COBMECTHOE BHECEHHME B  TCIUIMYHBIA  TPYHT
KPEMHUICOEPIKAIIEro TUaTOMUTA W OaKTepUaIbHBIX MPENapaToB, YBEIWYUBACT
CoJep)KaHUE U B pacTeHHsX aszora, ¢docdopa, Kaaus W KpEeMHHS, YJIydllaeT
YTIEBOAHO-0CIKOBEIII OOMEH, CO3/1aeT AaKTWUBHBIA M YBEIUYHBACT ITACCHUBHBIN
UMMYHHTET Y PACTECHUM.

Anpobanusi padoThI:

Marepuainbl, BOIIEAUINE B UCCEPTALUIO, ObUIA JOJIOKEHBI U OOCYKIICHBI
YCTHBIMM WJIA TOCTEPHBIMU JOKJIaJaMH Ha POCCHUHCKUX M MEXIYHAPOIHBIX
koH(pepeHmuax u cumnosuymax: 15 " WORLD FERTILIZEZ CONGRESS OF
THE INTERNATIONAL SCIENTIFIC CENTRE FOR FERTILIZEZ (CIEC), 29
August — 2 September 2010, Bucharest, Romania; | Bcepoccuiickoii Hay4HO-
IpaKkTHYecKass KOH(EpPEHIINH ¢ MEXAyHapOAHbIM ydacTHeM «DyHIaMeHTaIbHbIC
JOCTUKEHUS B IIOYBOBEICHHUM, HKOJOTHM, CEIbCKOM XO34MCTBE Ha IYTH K
WHHOBaIMsiM», r. MockBa, 23-25 anpens 2008 r.; MexayHapoaHasi Hay4dHO-
npaktuyeckass KoHpepeHuus «llpuembl MOBBIIEHUS TUIOAOPOAMS IOYB U
s dextuBHOCTH  yHoOpenwmit»y, bemapych, 1. Topku, 6-7 wuwnHa 2007;
MexnyHapoaHass Hay4YHO-TIpAKTUYECKash KOH(EpeHIHsI «AKTyalbHbIE MPOOIEMBI
UMMYHUTETA M 3alIUThl CEJIbCKOXO3SMCTBEHHBIX KYJIbTYp OT OOJie3He u
Bpeauteneir», 1. Ompecca, 11-14 cents6ps 2007, HaydYHO-TIpaKTHYECKas
KoH(pepenuusa: «DyHaameHTanbHble TOCTHKEHUS B TOYBOBEJEHUHU, SKOJIOTHUH,
CEIbCKOM XO3sWCTBE Ha myTu K wuHHOBanusMm: | Bcepoccuiickas HaydHO-
IpaKkTHUeCKass KOH(PEPEeHLUs: ¢ MEXKIYHapOIHBIM ydactuem», I. MockBa, MI'Y,
2008 r.; yuactue B (pMHAJILHOM Type KOHKypCa MHHOBAIMOHHBIX MPOEKTOB MI'Y
umenu M.B.JIomonocoBa B 2010 roay; Ha 3acemaHusix Kadeapbl arpOXUMUU U

OnoxuMuu pacTeHuil gpakynpreta mouBoBeaeHus MI'Y umenn M.B. JlomoHocoBa

MecTo npoBeeHus1 padoThI:
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OcHOBHYIO 4acTh AKCHEPUMEHTAIbHON paboThI
OpoBOAMIM Ha 0a3e YIJIbIHOBCKOTO COBX03a JEKOPAaTHUBHOTO CaJ0BOJCTBA,
dbunuana I'YIT «Moczenenxo3» (MockoBckas 06sacts), 1iex Ne 1, Teruisl Ne 1 u
Ne 4 B ycnoBusiX 3alIMIIEHHOrO TPyHTa M Ha Kadeape arpoXUMHUH U OMOXUMHUU
pactenuii ¢akynprera nouBoseneHuss MI'Y umenu M.B. Jlomonocosa ¢ 2004-
2012 rr. B paboTe HCHOJIB30BaHBI PE3yJIbTaThl HMCCICAOBAHUN, IOTYYEHHbIC

COBMCCTHO C aCllMpaHTaMH U CTYJACHTAMMU.

ABTOp BBIpaXkaeT IIYOOKYI0 NPHU3HATEILHOCTh M OJIar0JapHOCTh BCEM
KOJIJIEraM — COaBTOpaM IMyOJIMKAlMil, TPUHUMABIIUM Y4YacTHUE B MPEICTABICHHON
paboTe Ha pa3IMyYHbBIX 3Tanax ee BoinonHeHusa, AWM. detucory u A.I'. Aapeeny,
JAPEKTOPY U TJIABHOMY arpoHOMY YJbSHOBCKOIO COBXO3a JEKOPAaTUBHOTO
CaJ0BOJICTBA, 3a MPEIOCTABICHHYIO BO3MO>KHOCTb BBITTOJIHUTD
HCCIIEIOBATENIbCKYI0 YacTh pabOThl, COTPYJHHMKaM Kadeapbl arpoXuMud U
OMOXMMHMM pACTeHHH 3a psiJ LEHHBIX 3aMedyaHuil u mnoxkenaHuil. Ocolytro
0J1aroTapHOCTh aBTOP BBIpaXaeT HAYYHOMY KOHCYJIBTAHTY — 1.0.H., mpodeccopy
Hanexne BmagumupoBHe BepXoBlLEBOM 3a UCKPEHHIOIO TOMOIIb U MOJIJIEPKKY BO

BpEMS BBITIOJIHEHUS PaOOTHI.
CIIMCOK NNYBJUKAIIUHA IO TEME JJUCCEPTALIUH

Crarbu B :)KypHaJax, pekoMenayeMbix BAK MunoOpHayku Pocenn st

Nny0JTMKAIMU OCHOBHBIX Pe3yJIbTATOB JIOKTOPCKOM JMCCePTALlUN

I. Cyxas O.B., BepxoBuera H.B., Ilamkesuu E.b., MycaroBa E.B.,
AnnpeeB A.I'. ArposKOJOTMYECKHE YCIOBUSI YKOPEHEHUS YEpPEHKOB pPO3 B

repPMETHUYHO 3aKpbiBatomuxcs makerax // Arpoxumus. — 2008 — Ne 9. — C. 55-58.

2. Cyxas O.B., Bepxouesa H.B., IlamkeBuu E.Bb., fmxoB A.b.
Pa3MHOXEHIE YepEHKOB P03 METOIOM 3eJICHHOTO YepeHKoBaHus // 1|BeTOBOACTRO.

—2008. — Ne 5. - C.26.
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3. E.b. IHamxkeBuu, E.Il. Kuptommn Ponb kpemMHUS B nMUTaHUU
pacteHuii u B 60pnr0e ¢ 00JIE3HSIMH CEeNTbCKOX03SIMCTBEHHBIX KYIbTYp // IIpobnemsl

arpoxuMuu u skosioruu. — 2008. — Ne2, — C. 52-57.

4. HamxkeBuu E.B., Cmocapesckuii A.B. K Metonuke onpeneneHus
cojiep>kaHusi Oopa B pacTeHHUSIX (POTOMETPUUECKUM METOJIOM C HCIIOJIb30BaHUEM

kapmuHa // [Ipo6nemsl arpoxumun 1 sxkojoruu. — 2009. —Ne 1. — C. 48-50.

5. Namkesnu E.Bb. bruosornueckoe 000cHOBaHME CO3aHUS U OCOOEHHOCTH
NpUMEHEHUs OwmompernapaToB, cojepxkammx Bacillus subtilis, mms 3amuTer
pactenuii ot ¢uronaroreHoB // Ilpobnemsr arpoxumuu u 3xosoruu. — 2009. — Ne

2.—C.41-47.

6. Kuprommn E.IL., ITamkesuu E.B., CyBopoBa E.E. BiusiHue cunmkatHsix
OakTepuil W IMAaTOMUTAa HA NMUTAaHUE PO3 B 3alluileHHOM rpyHTte // IIpoGiembl

arpoxumun u dkojoruu. — 2010. — Ne3. — C. 13-18.

7. TlamkeBuu E.b., HeiimatoB E.JI., Illumosa H.B. JlnuTenpHOCTH
JercTBUsS OaKTEpUAILHOTO MpemnapaTa npu ¢osmapHoit 00paboTKe po3 B YCIOBHIX

3akpeIToro rpynra // [Ipobmemsr arpoxumun u skosnoruu. — 2011, — Ne 3. — C. 25-

29,

8. ITamxeBuu E.B., CysopoBa E.E., BepxoBueBa H.B. ®wusuonoro-

onoxumuyeckue GyHknuu 0opa B pactenuu // Arpoxumums. — 2011. — Ne 11. - C.

85-96.

9. E.P. Kiryushin, E.B. Pashkevich, E.L. Neymatov, O.M. Seliverstova and
N.V. Verkhovtseva Mobilization of Phosphorus, Potassium and Silicon in the
Greenhouse Ground at Application of Bacterial Preparations // Journal of
Agricultural Science and Technology, 2011. — P. 973-978.

10. IMamkeBuuy E.b. ®onuapHas 00paboTka pPo3 MHUKPOIIEMEHTAMH B
YCJIOBUSIX 3alllMIIEHHOT0 TpyHTa Kak crnocod OopwObl ¢ ¢uromnaroreHamu //

[TpoGnemsr arpoxumuu u 3xonoruu. — 2012. — Ne 2. — C. 26-30.
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11. MamkeBuu E.b., HeiimatoB E.JI. U3ydyeHnue B3aumMoneicTBusi po3

copra Flash Night u OakrepmanpHBIX mTpemaparoB B TEIUIMYHOM TpyHTE //

Arpoxumus. — 2012. — Ne 7. — C. 57-61.

12. E. NamkeBuu, E. CyBopora, B. KnanoBa Bnusiaue canumumioBoi u
OOpHOM KHCIIOT Ha TEIUIMYHBIE PO3bl MPU COATAHCHPOBAHHOM MHHEPAIHLHOM

nutanuu // I{peToBoacTBo. — 2012. — Ne 4. C. 10.

13. E.E. CyBopoBa, E.b. IlamkeBu4, E.A. CugopoBa OntumMaiibHas u
TOKCUYHAs KOHIIGHTpAIuu Oopa B pacTeHHsX Npu ¢omapHoil oOpaboTke po3 B

3anuiieHHoM rpynte // IIpoGnaemsl arpoxumuu u skoioruu. — 2013. — Ne 3. — C.

12-15.
Crarbu B COOpPHHMKAX U )KypPHAJIaX, METOAUYECKUE MOCOOHUS

1. BepxoBuesa H.B., INamkeBuu E.b. Unentuduxaums Bo3Oyautens
Oone3Hel po3 METOJOM Ta30BOMl XpomaTtorpaguu — Macc-CleKTpoMeTpuu //
COOpHUK Hay4HBIX TPYJOB MEXIYHAPOJHON HAYYHO-TIPAKTHUECKON KOH(pEpEeHIINN
«AKTyaJabHble TpOOJEMbl HMMYHHUTETa U 3allIUThl CEIbCKOXO3HCTBEHHBIX

KyJbTYp OT Oone3Hed u Bpeautenei», Ykpauna, r. Ogecca: U3a-so CII-HIIHC,

2008. — C. 285-2809.

2. Huxkudopora O.B., Mycarosa E.B., Bepxosuesa H.B., [lamkeBuu E.b.
Meroa 3ammThl YEPEHKOB po3 Tpu ykopeHeHuu // COOpPHHK HAy4HBIX TPY/IOB
MEXIYHAPOJHON HAyYHO-TIPAKTHYCCKON KOH(PEPEHIMU «AKTyallbHbIE TIPOOIEMBI
UMMYHUTETA ¥ 3allUThl CEIhCKOXO3SHUCTBEHHBIX KYyJIbTYp OT OOJie3HeW u

Bpenurenen», Ykpauna, r. Ongecca: M3n-so CII-HIHHC, 2008. — C 8.

3.Bepxosniesa H.B., IlamkeBuu E.b., Kupromun E.II. «K konueniuu
YCTOMYMBOTO  (PYHKIIMOHUPOBAHUSI TIOYB  arpoOdKOCUCTEM», MEXTyHApOIHAs
Hay4YHO-TIpakTHyeckas kKoHdepeHuus «lIprueMbl MOBBIIEHUS TUIOIOPOIUS TTOYB U

abdexTuBHOCTH ynoOpenuit», bemapycs, r. ['opku, Marepuansl KoHDEpEHIIUU. —

2007. - C. 68-71.
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4. BepxoBuea H.B., ITamkeBuu E.b. Meroauueckue ykazaHus K
J7a00pATOPHBIM 3aHSATUAM JJISI CTYJICHTOB YHHUBEPCUTETOB, CIECIIUATU3UPYIOIIUXCS
1o arpoxuMuu «MUKpoOHOIOorHYecKue mokasaresn arposkocuctem». MI'Y. — M.:

BHHUA, 2007. - 28 c.

5. Bepxosuera H.B., [lamkeBuu E.b., Kuprommn E.I1., HeitmatoB E.JI.
3HadyeHue OaKTepUalIbHBIX MPEMapaToB B PErYJIUPOBAHUN MUHEPAIBHOTO MUTAHUS
PO3 B 3aKPBITOM IPYHTE M YCTOWYMBOCTH MX K (PUTONATOr€HHBIM MUKpPOMHUIIETaM /

Dxonoruyeckas arpoxumus, noa pen akagemuka PACXH Muneesa B.I'. — U3a.:

MI'Y, Mocksa, 2008. — C.164-177.

6. IlamkeBuu E.B., Bepxosuesa H.B., Kuptomun E.I1., HelimaTor E.JI.
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KoH(pepeHus ¢ MeXayHapoaHbIM yuactuem». — M.: M.: MAKC Ilpecc, 2008. — C.
140-142.

7. Cyxas O.B., Bepxosuera H.B., IlamkeBuu E.b., MycaroBa E.B.,
benpnsieea K.HO. Meton yKOpEeHEHHsT YEpPEHKOB P03 B  T'€PMETHYHO
3aKphIBalOIIMXCS MakeTrax. «OyHIaMEHTAIbHBIE JOCTUKEHHS B ITOYBOBEIICHHH,
DKOJIOTMH, CEJIbCKOM XO034icTBE Ha MyTH K HHHOBammsaMm: | Bcepoccuiickas
HAyYHO-TIpaKTU4ecKass KOH(EpeHIHs] ¢ MEXKIYHapOIHBIM YyyacTHem». — M.:

MAKC Ilpecc, 2008. — C. 151-153.

8. BepxoBuera H.B., INamkeBuu E.b., Kuprommn E.Il., Heiimaros
E.JI.3nauenne OakTepHalbHBIX TMPEMAPATOB B PErYJIUPOBAHUM MUHEPAIBHOIO
OUTaHUs. PO3 a 3aKpPhITOM TPYHTE U YCTOWYMBOCTH HMX K (PUTONATOrEHHBIM
MukpomuuieraM / CO.HaydHBIX TPYAOB «IKOJOTMYECKas arpOXUMHs» MOJ pel.

B.I'. MuneeBa. — M.: Poccenbxo3akanemus, 2008. — C.164-177.
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9. Bepxosuea H.B., IlamkeBuu E.b., Kupromun E.I1., Heitmaros E.JL
baktepuanbuble  mpenapatbl, 3(p¢GEKTUBHbIE  NPOTUB  (PUTOMATOTEHHBIX
MUKPOMHUIIETOB B 3aKpbITOM TrpyHTe. COOpHMK WHHOBAI[MOHHBIX IPOEKTOB
dakynbreta mouBopeaeHus MI'Y, Mocksa, 2009 r. (uHbOpMaIMOHHO-PEKIIAMHbBIC

Marepuaisl). — 56 c.

10. Cyxaa O.B., Bepxosuesa H.B., IlamkeBnu E.b. Meton ykopeHeHus
4epeHKOB po3. COOpHHK WHHOBAIIMOHHBIX MPOEKTOB (PaKyIbTeTa MOYBOBEICHUS

MI'VY, Mockga, 2009 r. (nH(pOopMaliMOHHO-pEKIIaMHbIE MaTepHabl). — 56 C.
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I'naBa 1. CoBpeMeHHBIE TPEACTABJIEHUS O BJIMSIHUU MHKPO,
MAaKpO3JIeMEHTOB, PeryjisitTopoB pocra (CAIMUWIOBON  KHCJIOTbI) H
OuompenapaTroB Ha yCTOHYMBOCTH P03 K MUKPOMHUIIETHOMY HHMUIHMPOBAHUIO

B YCJOBHUSAX 3ALIUILEHHOr0 rpyHTAa. JIuTeparypHbiii 0030p

OcHoBHas npoOjemMa  TEIIMYHBIX XO35IUCTB, 3aHUMAIOILIUXCS
JEKOPAaTUBHBIM IIBETOBOJCTBOM, — BBICOKAsl CTENEHb MOPAKEHHUS PACTEHUU
WHQEKIIMOHHBIMY 3a00j1eBaHUsAMHU pa3Hoit struosiornn (Radilova, 2004), kotopas
00yciaBiIMBaeTCs KaK SKOJOTMUECKUMU YCIOBUSMHU, TaK U YPOBHEM BBITTOJTHEHUS
arpoxuMuueckux Mepomnpuaruii B termue (Mwucko, 1986). Ilarorennas
MHUKpOOHOTa po3 BecbMa pa3HooOpa3Ha. CorjacHO MUPOBOM CBOAKE, MaTOr€HHBIX
MUKPOOPTraHU3MOB PO3bl HacuMThIBaeTcs 269 BumoB, u3 Hux 79 (rpubos,

OakTepuil 1 BUpycoB) 3apeructpupoBaHo B Poccun (I'opnenko, 1984).

NmmynuTer (OoT nmaT. Immunitas — ocBoOokeHue, M30aBlIeHHE OT 4Yero-
a00) — HEBOCHPUUMYMBOCTh OpraHu3Ma K UWHQEKIUOHHBIM areHTaMm |
y)KEPOJHBIM BEIIECTBAM aHTHICHHOW MPHUPOABI, HECYIIMM YY)XEPOIHYIO
reHeTu4eckyro uH@opmanuto. Hamboslee 4YacThiM €ro MpOSIBICHUEM SIBIISIETCS
HEBOCIIPUMMYHMBOCTh OpraHu3Ma K HH()EKIMOHHBIM 3a00JeBaHUsAM. Y pacTeHUM
pa3IM4aloT IBa OCHOBHBIX THUIIAa UMMYHUTETA: BPOXK/ICHHBIH, WIIN €CTECTBEHHBIH, U

npUOOpPETEHHBIN, UIIN UCKYCCTBEHHBIH.

BpoXneHHbIM, UM €CTECTBEHHBIN, IMMYHUTET — 3TO CBOMCTBO PACTEHUM HE

MOpaXkaThCs (HE OBPEKIATHCS) TOW WIIM WHOUM O0JIE3HBIO WIIM BPEIUTEIIEM.

B 1mpenenax BpOXKIEHHOTO pa3IM4YarOT IIACCUBHBIM WM AKTUBHBIN

HMMYHUTCT.

[laccuBHBII UMMYHHUTET TPEACTAaBIsIeT COOOM CBOIICTBa pacTeHUi
IIPENATCTBOBATh BHEAPEHUIO IIATOTCHHA W PA3BUTHIO €r0 B TKAHSIX PACTCHUSA-

xo3suHa. On CYHICCTBYCT HE3AaBMCUMO OT Pa3BUTHUS IIapa3uTa.
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AKTHBHBIM HMMYHHUTCTOM HAa3bIBAIOT CBOMCTBA paCTCHI/Iﬁ

AKTUBHO pCarnpoBaTh Ha BHCAPCHUC B HCTO IIapa3nTa.

[ToBbIlIEHNE YCTOWYMBOCTU PACTEHUN MOJ BIUSHUEM BHEUTHUX (DaKTOPOB,
npoTekaroliee 0e3 U3MEHEHHs T'eHOMa, MOTYYHJIO Ha3BaHWE MPUOOPETEHHON Win
WHIYIIMPOBAHHON yCTOMYUBOCTU. DaKTOPHI, BO3AEHCTBUE KOTOPHIX HA CEMEHa WU
pacTeHusi MNPUBOJAT K TMOBBIIIEHUIO YCTOMYMBOCTH PACTEHMM, Ha3bIBAIOTCS

HHIYKTOPaMH.

[IproOpeTeHHbIi UMMYHUTET — 3TO CBOMCTBO PACTEHUHN HE MOPAXKATHCS TEM
WM WHBIM BO30yauTeneM OO0Je3HH, BO3HUKAIONIEE Yy pACTEHUH TOCIe
IEPEHECEHHOr0 3a00J€BaHUsl WJIM II0J BIUSHUEM BHEIIHUX BO3ACHCTBUIA,

0COOEHHO YCJIOBHI BO3/IEIBIBAHUS PACTEHUH.

B 1959 r. T.JA. CrpaxoB MnOpemIokuid TEOPUIO (PU3HOIOTHIECKOTO
UMMYHUTETA, CYINTHOCTh KOTOPOW 3aKIIOYaeTCs B TOM, UTO MHTAHWE pPACTEHUUN
(BHECEHHME MaKpO- U MUKPOAJIEMEHTOB) CYIIECTBEHHBIM 00pa30M BIIUSIET HA OOMEH
BCIIECTB  PACTCHHs, OMNPENEICHHBIM  00pa3oM  HU3MEHSS  CIIOKHUBIITUECS
B3aMMOOTHOIIICHUSI MEXJy pacTeHHEeM U mapa3suToM. V3MeHuBIIHECS YCIOBUS
MOTYT OBITh WM HEOJArOMPUATHBIMU TSl TATOTEHHA W TIOBBIMIATH YCTOWYHNBOCTH
pacTeHul, wuinu OJarompusTHRIMH [JI1 €ro pa3BuTusi. B 3sTomM ciydae

MOpaXeHHOCTh pacTeHui OyaeT Bo3pactarh (Ctpaxos, 1959).

Jlis Haumbojiee TOJHOTO TOHUMAHUS NPOOJIEMAaTHKU STOTO  BOIPOCA
HEOOXOJAMMO  pacCMOTPETh  MEXaHM3Mbl  YCTOMYMBOCTH  pPACTEHHH K
dbuTonaToreHaM. YCTOWYMBOCTh K HUM OMPEIETSETCS CIOCOOHOCTBhIO OpTraHu3Ma
HPOSIBJISITH OCOOEHHOE MPUCIOCOOUTENBHOE CBOMCTBO — MMMYHHUTET, KOTOPHIN B
OOJIBIIMHCTBE CIIy4aeB ONpEAEIsIeTCs HMMEHHO CHOCOOHOCThIO — OpraHu3Ma
OKa3bIBATh JIETAIILHOE BO3JICHCTBUE HA MATON€HHBIA MUKpOOpraHu3M. (MeUHUKOB,
1898). B mocneanre roapl Bce Yallle MOSABISAIOTCS paOdOThl, B KOTOPBIX ABTOPHI
JICNal0T  TOMBITKU  MEPEOCMBICIUTh TEPMUH HUMMYHUTET, UTO  SIBJISETCS

CCTCCTBCHHBIM CJICACTBUCM PA3BUTUSA HAYKH BOO6I_HC u q)HTOI/IMMYHOJIOFI/II/I B
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YaCTHOCTH, JIOKAa3bIBAIOT 3aBUCUMOCTH €r'0 OT IIOYBEHHBIX U KIMMAaTHYECKUX
ycnoBui. [103TOMy npy BeIpaliBaHUM KYJIBTYPHBIX PACTEHUM B 3aKPBITOM I'PYHTE
HEOOXOUMO MNOAJEPKUBATh UMMYHUTET MPUMEHEHUEM HAay4YHO-OOOCHOBAaHHOU
arpoTEXHUKU IyTeM CTaOWIM3alMid KOPHEBOTO IMTAHHS, BHECEHUS pAla
MAaKpOdJIEMEHTOB B TPYHTbl M IIOYBBI, BHEKOPHEBBIX IIOJAKOPMOK pPAaCTEHUU

MHKPOJ3JICMCHTAMMU.

BpoxneHHblld, WM HACIEACTBEHHBIH HMMMYHHUTET HPEICTaBIAET COOOMU
CBOMCTBO, copMupOBaBILIEECS B pe3ynbrare (UIOreHETUYECKOTO
IPUCTIOCOOIEHUST K KOHTaKTy C BO30yAHMTENeM HMHQPEKIUU, UYTO OOBICHAET
MaKCHMaJbHYI0 YCTOWYMBOCTb K OOJIBIIMHCTBY 3a00JIEBAHUMN, XapaKTEpHYIO IJis
JUKHUX IIPEAKOB COBPEMEHHBIX KYJIbTYPHBIX PAacCTEHUN, Ha KOTOPYIO BIIEPBBIC
obpatun Bammanue H.M. BaswnoB (1935). XKykosckuii (1982) cuurtan, d9to
BBICOKAsl YCTOMYMBOCTb «IUKape» (IUKOPACTYIIUX pPACTeHHUN) OObBsICHIETCA

I1apajuIeIbHON dBOJIIOIMEN PACTEHUS — X034MHA U IIapa3nuTa.
Brigenstor cnenududeckuii v HecnenuGUISCKU MIMMYHHUTET.

Hecneyuguueckuii (BUIOBOM) HIMMYHHUTET —3TO HECIIOCOOHOCTHh PACTEHHS
MOpaXaThbCsl  OTMPENEJCHHBIMU BHJAaMU MaTOreHOB. Hampumep, kamycta
(Brassica oleracea) He mopakaercs BO30YIUTEISIMHU TOJOBHEBBIX OOJIe3HEH
3makoB (cemeiictBo Poaceae), kaprtodenb (Solanum tuberosum) — kumoi
KalyCTHBIX, 3epHOBBIe (cemeiictBa Poaceae Polygonaceae, Pedaliaceae wu

npyrue)— Bo30ynuteneM napmu siomonu (Malus sp.) u 1. 1.

NMMyHUTET, NPOABIAIOMIMMCA Ha YPOBHE COpTa IO OTHOILICHHUIO K
CIICIIMAJIU3UPOBAHHBIM BO30YIUTENSIM, Ha3bIBaeTCs cneyuguueckum (COPTOBBIM)

(T'ycesa, 1988).

OpHako  (UTOMMMYHOJIOTHS ~ pAaclojiaraéT B HACTOALIEE  BpeMs
JOCTaTOYHBIM KOJIMYECTBOM MAaTEpUAOB, IO3BOJSIOUIMX CUUTaTh I0J00HOE
JieNieHre yCiIoBHBIM. Ha akTHBHYIO MpUpOy SBIECHUH, 0ObETUHIEMBIX MOHATUEM

HMMYHHUTCET, YKa3bIBACT YXKC TO, 4YTO BCC OTHU SBJICHHA IIPCACTABIIAIOT coOo


http://ru.wikipedia.org/wiki/Malus_asiatica
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pe3yiabTaT OBOJJIFOITMOHHOT O HpI/ICHOCO6JI€HI/I}I pacTeHuA K
onpez{eneHHoﬁ HOpMC BBaHMOHeﬁCTBHﬂ C MapasuTHYCCKMMHN OpraHu3MaMH

(LIxamukoB u mp., 2001).

Bcio COBOKYMHOCTh MPHU3HAKOB, ONPECSIONINX OTHOIIEHHWE PACTEHUS! K
BO30YAUTENIO UHPEKIINHI, MOXKHO Pa3/ieliuTh, B U3BECTHON Mepe YCIOBHO, Ha JIBE

KaTerOpHH.

K nmnepBoii w©3 HUX MOryT OBITb OTHECEHBbl CBOMCTBA, KOTOpbIE
OOHApY)KMBAIOTCI B PACTCHHH BHE HEMOCPEICTBEHHOTO B3aWMOJCHCTBUS C
MaTOr€HHBIMU MUKPOOPTraHU3MaMH, TO €CTh MPOSBICHUE PACTEHUEM MMACCUBHOTO
UMMyHHTETa. (DAKTOpPBl NMACCMBHOTO MMMYHUTETa MOXHO NOAPA3IEIUTh Ha

aHATOMO-MOP(OJIOTHYECKUE U PUZUKO-XUMHYECKHUE.

K aHaToMO-MOp(0OJIOTHYECKUM OTHOCAT CIEAYIOIKEe (aKTOpPbI: TOJIIMHA
NOKPOBHBIX TKaHEW JHCTa WIA APYroro OpraHa pacTeHHsl, CTPOEHHE YCTBHII,
OIYIIEHHOCTh JIMCTHEB, BOCKOBOM HaJET Ha IUIOJAX WM CTeONsIX, raburyc
pacTeHuil, 0OCOOEHHOCTU CTPOEHHUSI LBETKA, XAapaKTEp LBETEHUs (OTKPBITOE HWJIIU

3aKPBITOE), MPOJOTAKUTETLHOCT LIBETCHUS U T. [I.
K dhu3nko-xuMuaeckum OTHOCAT clieaytonre (akTopbl IMMYHHUTETA.

Xumuueckuil cocmas pacmenuti MOXKET ObITh IPUUYNHON UIMMYHUTETA, €CJIU B
TKaHSX PACTEHUS HE COAEPKUTCA HEOOXOMMMBIX Uil TMATOreHa MUTATEIbHBIX
BemiecTB. Hanpumep, oT KoaMuyecTBa YIJIEBOJIOB B PAaCTEHUH, a TAK)KE UX COCTaBa
3aBHCHUT JIEKKOCTb OBOILIEW B MEpHOJA XpaHeHUs. Tak, JEKKOCTh JIyKa
OTIpesieNisIeTCs COOTHOIICHHEM B HEM JMCaxapoB M MOHocaxapoB. Yem Oosblie
aycaxapa InpeoOsajaroT HaJl MOHocaxapaMu, T. €. IPakTH4YeCKH, yeM OoJee

3peHBIﬁ JIYK 3aKJIaJIbIBAIOT Ha XPpAHCHHEC, TCM BbIIIC CI'0 JIC’KKOCTD.

HH2M6Mm0pbl — OTO COCAHMHCHUA, COACPIKAIUCCA B paCTHTCHBHOﬁ TKaHHN U
NPCIATCTBYIOINUC PA3BUTUIO IIATOTCHOB. K Hum otHOCST CI)I/ITOHHI/IILBI —

KOHCTUTYIIMOHAJIbHBIC AHTUOMOTHYECKHUE BC€IIECCTBA BBICIIINX paCTCHI/Iﬁ paSHH‘{HOﬁ
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XUMUAYECKOW  mpupoabl. DOUTOHUUIBI Y4aCTBYIOT B peaKuusax
HecreunuPpuueckoro (BUI0BOT0), TACCUBHOTO UMMYHHUTETa, OOeCeunBas 3aliuTy

oT C&HpOTpO(bOB 1 HE CBOMCTBEHHBIX AJI1 JAHHOI'O BAa PaCTCHHA IIaTOICHOB.

Ankanounsl, QeHosbl, 3pUPHBIE Macia, COAEpKallhecss B PACTEHUSX,
TOKCHYHBI JJI1 MHOTHX (uTomnatoreHoB. Hampumep, aikamaoua COJaHUH MOXKET
MHTCHCUBHO HAKaIIMBaTbCs B KIYOHAX KapTodens, BBIACPKUBAEMBIX Ha CBETY.
Taxue no3zeneneBue KiyOHN 0oJjiee YCTOWYUBBI K (GUTOPTOPO3Y U APYTUM BHAAM

T'HUJIA, PA3BUBAOIIUMCA Ha KapTO(bCJ'Ie BO BpEMA XpaHCHUA.

Kucnomnocms (pH) kremounozo coka B mpolecce OHTOT€HE3a HE OCTAETCS
MOCTOSTHHOM. DTOT MOKa3aTesib MEHSETCA C BO3pacToM, Kak B IUIOJAX, TaK U B
JUCTBSIX, MOPONM MMEHHO C 3TUM CBSI3aHA W Pa3jIMyHas BOCIPUMMYHUBOCTH K

00Ie3HIM OJHOI'0O M TOr'O XK€ OpraHa paCTCHH:A B pa3HOM BO3pacCTe.

Ocmomuueckoe OaslieHue B TKaHIX PACTCHHS] TaKXKe MOXET ObITh
dbakTOpOoM,  ONPEACIAIONIMM  yYCTOWYMBOCTh WJM  BOCIHPUHUMYHMBOCTH K
WH(PEKITMOHHBIM O0JIe3HsAM. [ yCIemHoro napa3suTUpPOBaHUs MATOTEHOB B MX
KJI€TKaX JOKHO OBITH 00j€€ BBLICOKOE OCMOTHYECKOE JABJICHUE, YEM B KIETKaX

pactenusi-xo3suna (I'ycesa, 1988).

Ko BTOpOﬁ KaTeropruu, MOKHO OTHECTH CBOMCTBA U I[IPU3HAKH, KOTOPLIC O0
BCTPCYHU pACTCHHUA C I/IH(bCKHI/ICI‘/JI HE 06Hapy}KI/IBaIOTCH U BBIABJIAIOTCA JIMIIBb KaK
CJICACTBUC HCIOCPECACTBCHHOI'O BSaHMOHeﬁCTBHH X03sdMHa C IIaTOI'CHHBIM
areHtoM. B JaHHOM CJy4dac, CJICA0OBATCIbHO, P€Yb HUACT O IIOTCHHOHAX, KOTOPLIC
3AJIOKCHBI B OPTraHU3MC PACTCHUA-XO035MHA W KOTOPBLIC PCAIM3YIOTCS JIMIIb KakK
HOpMa €ro pcarupoBaHHdA Ha BMCIIATCIBCTBO CO CTOPOHBI IAPASHUTHYCCKOIO
OpraHu3ma. OI[HI/IM N3 TUIIMYHBIX HpOHBJIeHI/Iﬁ 3allIUTHBIX peaKuHﬁ, OTHOCAIIUXCA
K JToH KaTeropnuu, MOXKET CIYXKHUTb HCIIOCPCIACTBCHHOC BOBHeﬁCTBHe Ha
B036y,Z[I/ITCJ'IH I/IH(bCKLII/II/I, €TI0 JIOKaJIu3alys | IMOJIHOC IMOAaBJICHHUEC B X04€ PCAKIIUU
«KCBCPXTYBCTBUTCIILHOCT. AXTHUBHBIC (bOpMBI KHCJIOpO/Ja ABJIAKOTCA OIIACHBIM H

HEeN30eKHBIM CJIICACTBUCM 33p06HOFO 06p333 ZKHW3HHU, OJHAKO OHH BBIIIOJHAIOT U
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apyrue  (QyHKUMHM, B~ YacTHOCTH, 3alIUTHYIO. JpIXaTeNbHBIN «B3pBIBY Y
pacTeHui, CBSI3aHHBIA C YpPE3MEpPHON TreHepaluell aKTUBHBIX (OPM KHCIOPOAa,
ObUT BIEPBBIE 3apETUCTPUPOBAH KaK OTBET HA BHEIPEHUE IATOTE€HA B pPEaKLUu

«cBepxuyBcTBUTEeNIbHOCTHY (Benomankuna u ap., 2001).

B ¢wurtonaronornveckoit nureparype pacnpoCTpaHEHO MHEHHE, YTO
UMMYHHTET COPTOB K 3a00JICBaHUSIM, KaK MACCUBHBINA, TAK Y aKTHBHBIH, BeChMa
HETIOCTOSIHEH M 3aBUCHT OT IOYBEHHBIX M KIMMATHYECKHUX YCJIOBUH. B Hauame
XX Beka urtanpsHckuii 00TaHuk U mukosor Opammo Komec, mcxons u3 cpoeit
TEOpUH «KHCIOTHOTO» wuMMyHHUTeTa (Comes, 1916), cuenyromum obOpa3zom

dbopmynupyeT B3MJIsIIbl HA B3aUMOOTHOILIEHUE UMMYHHUTETA U CPEJIbI:

1.YCcTOMYMBOCTD KYJIBTYPHOTO PACTEHUS K BPEIUTENSAM HU3MEHSETCS IMPU MPOUYUX
PaBHBIX YCIOBUSX BMECTE C KIMMATOM. MOXHO yTBEpPkKIATh, UTO YCTOMYUBOCTD
BBIIIIE BCETO y PAcTEHH, BO3/ICJIBIBAEMBIX B XOJIOJHBIX MECTHOCTSX; y TE€X K€
pacTeHUWW OHAa yMEHBIIAETCS TPH KYJIbTUBUPOBAHWUM B 00JIee TEIIBIX
MECTHOCTSIX;

2.Ha xapOoHaTHBIX TOYBAX OpPTraHbl PACTECHUN HEXKHEEe, CJICAOBATEIBHO, OHU
0oJiee BOCIPUMMYMBEI K (DUTOMATOTeHAM,

3.Kanuii, kanbluii W >Kene3o, NpPU HMX HEJOCTaTKe, MJOJIKHBI BHOCHUTHCS
UCKITIOUNUTENBHO B (hopme cynbdaToB. Beinensempie KOPHIMHA HOHBI, B MPOIECCE
TUApOJIM3a WM peakuuu oOMeHa, BBICBOOOXKIAIOT CEPHYIO KHUCIOTY, JlaXe B
MUHUMAJbHBIX 033X MOBBIIIAIONIYI0 KUCIOTHOCTh COKOB B OpraHax pacTeHUi u
YCUJIMBAIOIIYIO UX YCTOWYHUBOCTD;

4.3 a30THBIX YJIOOpPEHUN a30THOKHUCIBIM HAaTpUl B HaWOOJBIICH CTENEHU
MOHWKAET  KUCIOTHOCTH  OpPraHOB, W  JIENAaeT  pacTeHuss  HambOolee
YYBCTBUTEIBHBIMU K BpeautessiM. Hao6opoT, cepHOKUCIBIIT aMMOHMI, XOTSI OH
MEHEE IMOBBIIIAECT YpPOKAWUHOCTh, IO CPABHEHHIO C A30THOKHUCIIBIM HATPHUEM,
JieaeT pacTeHne 00jiee YCTONYMBBIM, YBEIHUUBAS KUCIOTHOCTh X OPTAHOB;
5.130bITOYHOE a30THOE YJOOpeHHe, OCOOEHHO BHOCHUMOE B (OpME CEIHTPHI,

BBI3BIBACT B PACTCHHMHU HAKOIUICHHUC aMHAHBIX COCHHHCHHﬁ, KOTOpPBIC, KaK H



22

caxapa, JeNalT pacTeHue Oojee BOCHPUMMYHMBBIM K  Iapa3uTaM.
Buecenne dochopubix ymnoOpeHuii, KoTopble OOYyCIaBIMBAIOT IpEBpAllCHHE
pPacTBOPUMBIX a30THBIX COEIMHEHHUI B HEPacTBOpPHUMBIE, OEIKOBBIE COEINHEHUS,
YCKOPSIIOT CO3pPEBAaHUE IUIOJOB U POCT MOOEroB. YMEHBIICHHWE KHUCIOTHOCTH
COKOB pACT€HHS TMpPU OSTOM HE NPOUCXOJUT, HHOIAA Jaxe Habonaercs
NOBBIIIEHUE 3HaUeHui pH;
6.0OCcHOBHOM Mepoil JUIsl MPeAYNpeKIAeHUsT 3a00JIeBaHUN KyJIbTYPHBIX pacTEHUM
JOJDKHO CITY’)KUTh  (OCOPHOKHCIOE YA0OpeHHe ¢ OOJBIINM WA MEHBITUM
nobaBieHHEM B Hero cyibharos (Basuios, 1986).

B nurtepatype HeT €AMHOrO MHEHHS OTHOCHUTEIBHO POJH OTAEIBHBIX
ynoOpeHHii B CHWKEHUM U TMOBBIIICHUH MMMYHUTETa PAacTeHMid, HO, B 0OIIEM,
BBILLICTIPUBEICHHBIE TOJOXKEHU Teopun Komeca H0CTaToOdyHO OMpeaesieHHO

BBIPpAXXAIOT B3I AbI, PACIIPOCTPAHCHHBIC, B HACTOAIICC BPEMA CPCIH arPOHOMOB.

1.1. Pu3no010ro-0MOXMMHYECKHUE pysHkumnu B pacTeHusx

MHKPO03JIEMEHTOB (00p, Me/ib M IUHK) M CAJTMIIIOBO KUCIOTHI

Baxxnass Ounoxmmudeckass pojb MHUKPODJIEMEHTOB 3aKITIOYACTCS, TMPEKIC
BCET0, B TOM, YTO 9TH JIEMEHTHI (Me/Ib, MOJIMOJICH, MapraHell, KoOaibT, IIUHK, OOp
W JIp.) TOBBIIIAIOT AKTHBHOCTH MHOTHX (PEPMEHTOB M (EPMEHTHBIX CHCTEM Y
KUBBIX  OPraHU3MOB. OJTO  JaeT BO3MOXXHOCTh IyTeM  NPUMEHCHUS
MHUKpPOAJIEMCHTOB B PAacTCHHCBOJCTBE (BHECCHHE B IIOYBY, MPEIIIOCCBHAS
oOpaboTka ceMsiH, HEKOpHEBas IOJKOPMKA) AaKTUBHO BO3JEHCTBOBATH Ha
(bU3HOIOTUYECKHE TIPOIIECCHI CeThCKOXO03SUCTBEHHBIX KYJIBTYp M TaKUM 00pazoM
CIIOCOOCTBOBAThH IMOBBIIICHUIO YPOKAWHOCTH W KadecTBa Mpoaykuuu. OIHAKO B
MPaKTUKE TPUMEHEHUS MHUKPOYJ0OpeHU HEOOXOJUMO YYHUTHIBATH SIBJICHUS
aHTaroHW3Ma MEXIy OTACIbHBIMA MUKPOAJIEMECHTAMH B OIBITaX C BHECCHUEM UX B
MOYBY, HEKOPHEBBIMH ITOJKOPMKAaMH, BBEJICHHEM B COCTaB TOP(HONEPETHONHBIX
cyOcTpaTOB 4acTo HaOIIOMATUCH CIy4yau, KOT/la TapHble U TPOWHBIE KOMOWHAITUN
HEKOTOPBIX M3 HUX MMEIH MCHBIIYI0 3(PQPEKTHBHOCTH, YEM IMPH OJUHOYHOM HX

BHeceHuu (Ileiise, 1980).



23

ConepxaHue MHUKPODJIEMEHTOB B pa3HbIX OpraHaXx YMEHbIIAETCs B
CJIEMYIOIEM TOPSIKE: KOPHH > JIUCThS > CTEOJIM > COIBETHS > CEMEHA, XOTs ATOT

NOpAAOK I Pa3HbIX BUJAOB MOXKCET HECKOJIBKO pa3invdaTbCs.

JlanpHUN TPAHCIIOPT MHUKPOAJIEMEHTOB MPOUCXOIUT MPEUMYILIECTBEHHO I10
KCHUJIEME, OH MOXKET TaKXe OCYLIECTBIATHCA U MO (iodme. CKOpOCTh TpaHCIOpPTa
OJIHUX MHKPODIEMEHTOB 3aBUCUT OT IIPUCYTCTBHUS B Cpele HOHOB JPYyIUX
MeTauioB. CKOPOCTh MOTJIOIIEHNS U TPAHCIIOPTa METAIOB MOTYT Pa3jIM4YaThbCs y

pPa3HbIX BHUJOB, SIBISACH OJHOW U3 MPUYUH YyCTOMYMBOCTH pacteHuid (KomkuH u

ap., 2010).

Bop oTHOCUTCS K rpyIieé MUKPO3JIEMEHTOB, HEOOXOAUMOCTh KOTOPBIX IJIs
BBICIIIMX pAacTEHUH BIIEPBBIC YCTaHOBJCHa Oosiee cra jet Hazax (Agulhon, 1910), n
3aTeM Oblj1a OJATBEPIKJIEHA AJIs psiAa paCTEHUM B paHHUX paboTax MpOILIOro BeKa
(Brenchley, 1914; Maze, 1960; Warington, 1923). B HacTosiee BpeMs HaydHO
JI0Ka3aHO OMOJIOTMUYECKOE 3HAuYe€HHE Oopa AJisi BCEX PACTHUTENBHBIX OPraHU3MOB,
OJIHAKO, POJb M MEXaHU3M €ro y4yacThs B OOMEHE paCTUTEJIbHON KIETKU I10Ka
HEJO0CTAaTOYHO M3ydeHbl. [loka3aTh CBS3b M HAWTH MECTO BKJIIOUEHHUS JJIEMEHTA B
OOMEHHBIE MpPOLIECCHl PACTEHUsT — HENpocTas 3ajada. BTopuyHble HW3MEHEHUS,
BBI3bIBAEMBIC HEJIOCTATKOM 3TOTO 3JEMEHTA, BO3HHMKAIOT MHOIZA HACTOJIBKO
OBICTPO, YTO TPOBECTH YETKYI0 TpaHb MEXIYy HUMH M MPEIUIeCTBYIOIIUMU
OpsIMBIMU ~ HapylIEHUsMH B (U3MOJIOTMUECKHUX IIpoleccax 4YacTo ObIBaeT
HEBO3MOJKHO.

Ha ocHOBaHuM pe3ynbTaToB, MOJIYYEHHBIX €II€ B IEpPBOMl IMOJOBHUHE
IPOLUIOTO CTOJETHSI, CTAJO IMOHATHBIM, YTO INPH H3YYEHUU (PU3HMOJIOTUUECKON
poiu Oopa CTaJIKUBAIOTCA C TPYAHOCTSIMH, BBI3BAHHBIMH JBYMS OCHOBHBIMH
npuuuHamu. [lepBas U3 HUX COCTOUT B TOM, YTO OOp, KAK METAJUIOU], B OTIUYHE
OT JIpyTUX HEOOXOJMMBIX MHUKPOIJIEMEHTOB (METalsIoB) HE BXOJUT B COCTaB
(GepMeHTOB, Kak KOGaKTOp, U HE SBISETCS UX aKTUBATOPOM; BTOpas — HaJIU4Yue
psiga TPYIHOOOBSICHUMBIX  BOMPOCOB, KOTOPHIE BO3HHKAIM TPH  TaKOM

uccnenoBanuu (IllkonsHuk, 197406).
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bblin BbIAENIEHBI CHENYIOUME HE HAXOAMBIIME OOBSICHEHUS BOIMPOCHI:
1) nouemy Gop HEOOXOAMM pacCTEHUSIM, HO He HYXeH XHBOTHBIM (Boiinap, 1960),
rpubam (Bower, Gauch, 1966) u, kak ObUTO IOKa3aHO MO3Ke, B HEM HYKJIAIOTCS
TOJILKO HEKOTOphIe OakTepuu, Hanmpumep, u3 poaa Rhizobium (Bolanos et al.,
2004) w m1manoGakrepuu (Bolanos et al., 1993); 2) wuckimounTenbHas
crnenu@UUHOCTh CUMIITOMOB OOPHOM HEOCTATOUYHOCTH Y JIBYJIOJIbHBIX PACTEHUN —
MOJIHOE TOJABJIEHUE POCTa KOPHEH M OTMHUpPAHHME TOUEK pocTa; 3) CIOCOOHOCTH
371aKOB, B OTJIMYKE OT JABYMIOJBHBIX PACTEHUH, B OTCYTCTBUU OOpa pa3BUBATH
HOPMAJIbHBIE BETETATUBHBIE MOOETW U MPOSBIATH OCTPhIE CHUMITOMBI OOPHOTO
TOJIOJAHMS TOJBKO MPHU (HOPMUPOBAHUH PENPOAYKTUBHBIX OpraHoB (IIIkoJIbHUK,
1939); 4) ogHOBpeMeHHOE OBICTPO HACTyIAIOIICEe IOJABICHUE POCTa KOPHEH H
OTMHpPAHHE TOYEK POCTA Y OJHUX JBY/IOJBHBIX PaCTCHUH (II0ICOTHECYHHUK, TOMATHI
W Jp.) W TO3AHO HACTYIAKIIEee OTMHUpPAHWE TOYEK pocTa TpH  OBICTPO
MPOSIBIIIONIEMCS TIOJIaBJICHUU POCTa KOPHEH y Ipyrux (ropox); 5) BO3MOXKHOCTh B
YCIIOBUSIX HEBBICOKOW TEMIIEpaTyphl IyTEM BHECEHHS B TMHUTATEIBHBIA PACTBOP
cBoOoHoit PHK ycTpaHsTh cMMOTOMBI OOPHOTO TOJOJAHUS — OTMUPAHUS TOYEK
pocta y aByaoibHbix pacteHui (IllkoneHuk, ComoBbeBa, 1961); 6) ycrpaHeHue
MOJABJICHUS] POCTa KOpHEW mpu OOpPHOM HEIOCTATOYHOCTH BHECCHHEM B
MUTATEIBHBIA PACTBOP OTIEIBHBIX A30THUCTBIX OCHOBAHHM, BXOJMSIIUX B COCTaB
HyKJIeHHOBBIX Kuciot (Johnson, Albert, 1967); 7) BO3MOXHOCTh JOCTUTATh 3TOTO
K€ IMyTeM BHECEHHUs TEPOKCHaa BOAoponaa B muTatenbHbiii pacTBop (LIIkonbHUK,
CrekioBa, 1951); 8) ycunenne moTpeOHOCTH B OOpe y paCTCHHM JUIMHHOIO JIHS

(Warington, 1933).

VY4uThiBasi COBpEMEHHOE COCTOSTHUE 3HAHUM O XUMUYECKUX CBOMCTBax Oopa,
ero BIMSHUM Ha pa3HOOOpa3Hble OMOXMMHUYECKHE MPOIECChI, IPEANOIaraeTcs, 4ro
(GyHKUMST 3TOrO D3JIEMEHTa CBsi3aHAa C JIESITEIbHOCTHIO (PEPMEHTHBIX CHCTEM.
XapakTep ydacTuss €ro B KATAIMTHYECKUX IIPOLIECCAX MOXKET OTJIMYATHCS OT
y4aCTHUsl B HHUX APYIMX XMMHUYECKUX DJIEMEHTOB, TaKUX KakK >Xele30, MapraHeil,

OUHK, TaK KaK 60p HE MCHSET CBOCH BAJICHTHOCTH U Y4aCTBYCT B PCAKIUAX, KaK
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AHUOH. DTOT JJIEMEHT MOXXET BJIHATh HA CKOPOCTh u HarpaBJICHUE
(bepMEeHTaTUBHBIX pPeaKIii, BX0Os, HapuUMep, He B Oesok (hepMeHTa, a B cyOcTpar
peakuuu. He sBisisich yactblo ¢epMeHTa, OOp aKTHBUPYET CyOCTpaThl MHOTHX
peaknuii, KOTOpble MPOUCXOMAAT C ydacTUeM (epMEHTa, PETyIUPYIOT TEM CaMbIM
CKOPOCTh Pa3sHOOOPA3HBIX META0OIMYECKHUX MPOIECCOB, MPEACTABIISIONINX CaMble
pas3IM4HbBIe CTOPOHBI OOMEHA BEIIECTB B pacTeHUsX. OHM TECHO CBSI3aHBI JPYT C
IPyroM, MO3TOMY C TPYJIOM MOIIAIOTCS Pa3AClCHHIO Ha KOHKPETHbIC (DYHKIUH

(UepnaBuHna, 1970).

PaccmoTpum, Kakass NPEEMCTBEHHOCTb HWJIEH CYIIECTBOBAjda B HAay4YHBIX
nyONMuKalUsaX 3a CTOJETHUN MEepUoi M3YyUYEHHUs] 3TOI0 MUKPORJIEMEHTA JUIsl TOrO,
YTOOBl ~ NPEICTaBUTh COBPEMEHHOE COCTOSSHME 3HaHU o0  (U3HOJIOro-
onoxuMuyeckux (PyHKIMsAX Oopa B pacTeHUH W BO3MOXKHOCTH HMCIOJB30BaHUS
OTUX 3HAHUM B CEJIbCKOXO3SMCTBEHHOW mpakTuke. IIpexne, yeM NOpuUCTynuTh
HEMOCPEACTBEHHO K PAacCMOTPEHHUIO y4acTusi Oopa B MeTaOoJIM3Me pacTeHHs,
OCTAaHOBHMCS Ha €r0 COJEPKaHUU B ITI0YBE U PACTEHNUU, HA BU3YAJIbHBIX IPU3HAKAX
€ro HeJoCTaTKa WM M30bITKa B PAcTeHHM, Ha B3aUMOCBSI3M Oopa ¢ JpyruMu

QJICMCHTAMH MHUHCPAJIbHOT'O ITMTAHMA.

Cooepoicanue 6opa 6 nouse u 6 pacmenuu. deuyum u mokcuuHocms. B
30HE JIEPHOBO-TIOA30JIMCTHIX ITOYB, KaK IMPABHIIO, TOBOPSAT O HEIOCTATKE B HHX
O6opa u, COOTBETCTBEHHO, O AeuIuTe ero B pacreHusx. OaHako u U30bITOK 6opa
IIPUBOUT K YTHETCHUIO U JIaXKe THOEH BhIpAIIMBACMBIX KYJIbTYp. B 3aBUCHMOCTH
OT POJIOBOI MPHHAICKHOCTH PACTEHUS U €r0 METabOIMYeCKUX OCOOEHHOCTEH
MIPEICTABIICHUE O HEJOCTAaTKe W M30BITKE OOpa B KOJUYECTBEHHOM OTHOIIECHUU
pasnmuuHbl. Tak, B paHHUX padoTax OBLIO MOKA3aHO, YTO JCJICHHUE KJICTOK MOXKET
OCYIIECTBIATHCS U B OTCYTCTBHH Oopa. HemocTaTtok ke s7emMeHTa CKa3bIBaeTCs Ha
3aBEpILIAIOIIEM ITUKJIE POCTa KIETKU — co3peBanuu u quddepenimponke (Odhnoff,
1957). B Oosee mno3aHHMX pabOTax TOKCHYHBIMH HAa3bIBAIM KOHIICHTPAIUH

BOJIOpACTBOpHMOro 0opa B mouse Oosee 5 mo 300 mr/kr (AmuxanoBa, 1980;
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Opaos, 1992; Xoaskos, 2008; Hayes, 1989) B 3aBHCHMMOCTH OT THIIA ITOYBBI

Y BBIPAIIMBAEMBIX HA HEW PACTCHUU.

OTHOCHUTENIPHO ONTHUMAIBHOTO COJEPKAHMUSI BOJOPACTBOPUMOTO Oopa B
MOYBE MOKAa3aHbl TAKKE K€ PA3JINYUs B YCTAHOBJICHHBIX KOHLEHTPALUAX — OT 2 70

100 mr/xr (Opnosa, 1991; Hayes, 1989).

HenocTtatok 60opa pacTeHus ONIyIal0T MPU KOHIIEHTPAIUH €ro B mo4se 5-70

mr/kr (butronkwuii, 2005; Hayes, 1989).

Eme Oonee cymecTBeHHBIC pa3iuuvs B MPOSIBICHUH TOKCUYHOCTH Oopa
oTMeuanu i pacTeHuid. Tak, Mo comep aHUI0 3TOTO JIEMEHTa B 30JI€ PAaCTCHHIA
nokaszaHbl TokcHdHbIe 10361 0T 80 10 400 Mmr/kr (Opinos, 1992; Kabara-Ilennuac,
[Menaunac, 1989), a B HekoTOpBIX citydasx u Boiiie (CyBoposa u np., 2013).

Jlis ycTpaHeHHs y pacTeHusi OOpPHOTO TOJOJaHHs, B CIydae HACTOSIICH
HEJIOCTATOYHOCTU (MPU TIOJHOM OTCYTCTBHM MHKPOIJIEMEHTOB B IIOYBE)
7 PEeKTUBHO BHECEHHE MHUKPOIJIEMEHTOB B IM04By. Hampumep, mnpobiemy
HEJI0OCTAaTOYHOCTH 00Opa B PACTCHMSIX BUHOTPAIa PEHIAOT MPU MTOMOIIYA BHECECHUS B
mouBy OOpcoaepkammx yaoopeHuid: moimbopa, coanbopa, 6oprpaka, bopekca u
ap. (Hayes, 1989). /lng ycTpaHeHUs HEIOCTATOYHOCTH, KOTOpas BO3HUKACT IPH
HAJIMYUA B TIOYBE MHUKPOIJIEMEHTOB B HEYCBOsSieMOW (opme, peKoMEeHIOBaHO

JMCTOBOC OIPBICKMBAHKE pacTBOpaMHu cosielr bopHoi kuciaotel (Balland, 1985).

B GonpmmHCTBE ciydaeB cojaepxkaHue 00pa B paCTCHUSX YBEIHMYUBACTCS 10
Mepe TMOBBIIICHUS €r0 KOHIIGHTpAaIlMM B MUTATeNbHON cpeme. OmgHAKO CTporou
MIPOTIOPITMOHAIEHOCTH MEXKIy KOHIIEHTpAIlMell MUKpOdJIEMEHTa B THUTATEIbHOU
cpelae U COAEep)KaHHMEM €ro B pacTeHusIXx He HaOmonanock. (Kubanenko,

Cunopiirna, 1965).

Cumnmomsl ~ OOpHOU ~ HEOOCMAMOYHOCMU U MOKCUYHOCMU Y
CeNbCKOXO03AUCTNBEHHBIX KYJ1bmyp. OcHOBHBIE CUMIITOMBI O0opHOM

HCAOCTATOYHOCTH MOT'YT OBITH pasaciICHbl Ha TPYHIIBI B COOTBCTCTBHUU C TCM,
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Kakhue TKaHU M OpraHbl MEPUCTEMBI C BBICOKOM METa0O0JINYECKOM
AKTUBHOCTHIO HanOOJIee OCTPO PearupyroT Ha HEIOCTATOK OOpa: KaMOWid W TKaH!
¢G103MBI  (TIPOBOJAINIMEI Iy4YOK), 3aracarolie KOPHH, alHMKaJbHbIE MEPUCTEMBI
KOpHS W CTeOsss, KaMOMil MPOBOISINEH CHCTEMBI JHCTHEB, IUIONABI. bBosbiioe
pazHooOpasue oOIuMX MPHU3HAKOB HEAOCTaTKa Oopa HaxOmATCs B CBSI3H C €rO
NOJBM)KHOCTBIO Y PAa3lIMYHBIX PACTCHHUU, CIOCOOHOCTBIO YICPKHBAThCS B

Pa3BUBAIOIIMXCS TKAHIX, BO3PACTOM PACTEHUS, CE30HHBIM 3(PPEKTOM U T.J.

Haubonee  uyeTkuM,  XOpOIIO  HU3BECTHBIM  MPHU3HAKOM  OOpHOU
HEJOCTATOYHOCTH  SIBJSIFOTCSL  Pa3jIMYHONO  poJa  HapylleHus  mpouecca
dbopMupoBaHUs TKaHEW Ha KJIETOYHOM ypoBHeE. J[Ji1 MHOTHMX pacTeHUN BechMma
XapaKTepHO OTMHUpPAHME aNMKAIbHONM TOUKH POCTa CTEOJs, COMPOBOXKIAIOIIECECS
pocToM OOKOBBIX IMOOEroB; TOYKM pOCTa IOCIEAHUX 3aTeM TaKXke THOHYT.
Haunnaercs yBennueHue akTUBHOCTH KaMOUs, 3aT€M CJIEIyeT pa3pylIeHUE KIETOK
MEpPUCTEMBI (3aMBIKAIONINE KJIETKU YCTBHI], KJIETKH IMAPEHXHUMbl KCHUJIEMBI,
YICHUKU CUTOBUHBIX TPYOOK, KIETKU-CITYTHUIIBI U KJIETKU MAPEHXUMBI (hJI03MBI).
Yacto Habmomaercs mioxas aud@epeHnupoBKa KIETOK, a TaKKe HEKPO3bl U
paspyllieHre TKaHu, Kak (JI0oAMbI, TaKk U KCuieMbl. Bo Bcex ciydasix HapylIaeTcs

pPa3BUTHC COCYI[HCTOﬁ TKaHH U ITPOHICCC OJAPCBCCHCHUS KIICTOK.

OauH U3 u3ydyaemblx (PU3HOJIOTHYECKUX MPOIECCOB, YYBCTBUTEIBHBIX K
HeJoCcTaTKy O6opa — Tpancnupanus. [loka3aHo, YTO UHTEHCUBHOCTb TPAHCIUPALIUN
y JUCTHEB OOpPHENOCTATOYHBIX pacTeHUW cocTaBisieT Juiib 30% OT JIMCTHEB,
CHaOKEHHBIX 00OpOM. DTO YMEHBIICHUE TPAHCIUPALIUU, MOXKET OBITH BBI3BAHO, TIO
KpailHel Mepe, Tpems NpuurHamMu: 1) BBICOKOM KOHIIGHTpAlMEeH caxapoB U
KOJUIOMJIOB B OOPHEIOCTATOYHBIX JUCTHIX, 2) CHUKEHUEM CKOPOCTU MOTJIOLIECHUS
BOJIbI, UYTO XapakTEpHO MJisi OOPHEIOCTATOUYHBIX pPACTeHHHM 3) HApyIICHUSMHU B

Mop(hoJIOruH JUCTheB (0OJIBIION MPOIEHT HehYHKITMOHUPYIOMUX ycThuIl) (Baker

et al., 1956).
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Becbma XxapakTepHbl TNpU3HAKKM HENOCTaTKa Oopa y MpeicTaBUTENeH
cemeiicTBa OOOOBBIX, KpPECTOLIBETHBIX, Maka, IIOJCOJIHEYHUKA, CaxapHOH H
CTOJIOBOM CBEKJIbI U T.A. B CTONIOBOI cBekiie OOBIYHO pa3pylIaeTcsi aJBEHTUBHbBIN
KaMOHMaJIbHBIN CJION, KOTOPBIA MPOSIBISETCS 3a MpejeiaMyd BTOPUYHOU KCHJIEMBI.
Haubonee yeTko 3Ty KapTUHY MOKHO HAOJIOAATh B AKTHBHO Pa3BUBAIOLINXCS
TKaHsX. B kaMOuu MpoBOASIIETO MyYKa CTUMYJIHPYETCS JIeJIEHUE KJIETOK, BHOBb
oOpa3ymomuecs KIETKH CHIBHO YUIMHSAIOTCS W KJIETOYHBbIE CTEHKU CTAHOBSATCS
TOHKUMHU. AHAJIOTMYHBIM 3(PeKkT OoOHapyKHUBaeTcs B COCYIUCTOM KaMOHH
creOneil. Ilapenxuma TmEpBUYHOM KOPBI pa3BUBACTCA OJHOBPEMEHHO C
dbopMupoBaHueM cocyauCTON TKaHU. [IpoTomnacTsl B psije KIETOK MpUOOpETaIoT
KOPUYHEBYIO  OKpacKy. HekpoTrnueckne y4acTKM  OKpPYXKEHBl  KIIETKaMH,
IPOJOJDKAIOIIMMHA  BPEMEHHO JeNuThcs. B pesynbrare oOpaszyercs JIOKaldbHO

pacIoNIoKEeHHBIN «paHeBoi» kamOwmii (Lorenz, 1942).

[ToTpeOHOCTS y pacTeHus B 6ope B pa3y nuddhepeHITupOBKY KIETOK, TKAaHEH
U OpPraHoB MOXET ObITh crenuuyHa, T.€. 3aBUCETh OT CoJepKaHUsi O0opa B ATOT
nepuosi OyayT TOIBKO HEKOTOpPHIE THIBI KJIETOK. PacTeHusi ¢ XOporno pa3BUTON
COCYJIUCTOM CHUCTEMOM, KakK MpaBuiIo, HYXAAIOTCS B OOpe, M MPOBOJsAIIAs TKaHb
HanOoJiee CUJIBLHO TIOBPEKIAETCS MPU OOPHOW HEIOCTATOYHOCTH; TPH 3TOM
3pesbie TKaHW PACTEHUM, BKIIIOYAs W JTUTHUGUIIUPOBAHHBIC, COAEPIKAT OOJIBIIOE
KoJau4yecTBO Oopa. Bmecre ¢ TeM, Takue 3pejble OpraHbl, KaK IOJHOCTBIO
Pa3BUBIIMECS JTUCThA, CIA00 pearupyroT Ha OTCYTCTBUE Oopa. bwut crenan BhIBOS,
qT0 O0p TpedyeTcs /s oOpa3oBaHUs TKaHEH, HO HE SIBISCTCS HEOOXOIMMBIM JIJIS
MoAACp>KaHUsl UX B COCTaBE OpraHoB B 3pesiom coctosinuu (Yepnasuna, 1970). B
Oonee mMO3AHUX paboTax OBUIO TMOKA3aHO, YTO HEJOCTaTOK Oopa BaXeH W B
pPENpOIyKTUBHON (ha3e pacTeHHs: TMOJABISICTCS 0Opa3OBaHHE I[BETOB, IIOJOB M
CeMSH, OHHM CTaHOBATCS ypomiuBbiMu U Occrutogubivu (Dell, Huang, 1997). B
paboTax ATOr0 CTOJIETHS, MPOBEACHHBIX HA KYyJIbTypaX KIETOK (Ha MpuMepe

KJIETOK PO3bl J1aMacCKoi) ObUIO MMOKa3aHo, 4YTO BiusHHE AedunuTa O0pa Ha
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MHOT'HEC B3aMMOCBS3aHHBIC METa0OJIMYECKUE IIyTHn OIPCACIIACTCA

y4acTHEM 3TOr0 MUKpodjieMeHTa B ¢eHonbHOM oOMeHe (Dordas, Brown, 2005).

Bzaumoceaze 6opa c Opyeumu dnemeHmamu  MUHEPANbHO20 NUMAHUSL
pacmenuti. Hemoctatok 60opa B OTJEIbHBIX KyJIbTypax (KyKypy3a, 000bl) CHIKAET
UX CIIOCOOHOCTh aCCUMUIUPOBATh (hocdaThl, a y IPYruX MPUBOANUT K HAKOTUICHHUIO
B KOPHSIX, JIUCTHAX U CTEOJSIX HUTPATHOTO a3oTa. bop MOBBIIAET MOTIIOMICHUE
MaKpO3JIEMEHTOB (Kaiusi, KalbIl[Usi W MarHus) W MHKPOIJIEMEHTOB (IIMHKA,

MoJIMO/IeHa, MapraHiia U Men).

JlobaBjeHHe a30Ta CHIDKACT KOHIIGHTpAI[MK Oopa B PACTEHHSX U €ro
TOKCHYHOCTh B T€X CJIydasxX, KOIJa IMOYBBI MMEIOT HHM3KOE COJCpP)KAHHE 3TOTO
anmementa (Romero, Aguilar, 1986). M3BectHo, uTO HEIOCTaTOK OOpa YacTo
COIPOBOXKIACTCSI CKOIUIECHHMEM B CO3PEBIIMX YAaCTAX psja pacTeHH aMMHaka, a
TaK)Ke PaCTBOPUMBIX (POPM OPraHHYECKOro a30Ta, AMHHOKHUCIOT W aMHJIOB;
COOTBETCTBEHHO CHH)KAETCS  CoJepKaHue Oenka. VICTOYHHMKH — yriiepoja,
HUMEIOIIHMECS B JJOCTATOYHBIX KOJMYECTBAX B JIMIICHHBIX 00pa paCTCHUSX, OYIydH
UCIIOIb30BaHbI ISl CHHTE3a aMHUHOKHCJIOT, HE HCIOJB3YIOTCS ISl 00pa3oBaHMs
Oenka. TOKCHMYHOCTH OOpa BBI3BIBACT TOPMOXKEHHE MPEBPAIICHUS HUTPATOB U

yBEIMYHMBACT aCCUMWIIALINIO aMMuaka B pacteHusix tomara (Cervilla et al., 2009).

B panHux pabotax mno uzy4eHUIo (pU3nMoJIOrMuecKor posin Oopa CBSI3bIBAIH
CIIOCOOHOCTh  ATOrO  JJEMEHTA K KOMIUIEKCOBAaHMID U (OPMHPOBAHUIO
CTPYKTYPHBIX €IMHMII WUJIM «CTPOUTEIBHOIO MaTepuaja» pacTeHUd, Kak Ooiee

BaXHOE €r0 CBOMCTBO, YeM ydyacTHe B peaknusx oomena (Skok, 1957).

Kommiekcbl, koTopeie oOpazyer 0Op ¢ OpraHMYeCKMMHU BeEIIECTBAMH,
3apsDKEHBI OTPUIIATEIBbHO, YTO OKa3bIBaeT BIIMsHUE Ha (hOpMHUPOBAHUE CBSI3el
KJIETOYHOM CTEHKHM ¢ KatuoHamu, Hanpumep ¢ Ca®*. TecHoe B3ammoneicTBHE
MeXAy OOpOM M KalbIIMEM HMMEET Ba)XKHOE 3HAYE€HHE JISI POCTA PACTUTEIbHBIX
KJIETOK ¥ TPAHCTIOPTA KabIns B moOer. TUITbI CBA3EH KalbIlvs B aroriacTe (4acTb

SKCTPALCITITIOJIAPHOTO IMPOCTPAaHCTBA, B KOTOpOM MOJICKYJIBL BO/JbI u
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pacTBOpEHHBIE B Hel HU3KOMOJIEKYJISIpHbIE  BEIlecTBA  —
VOHBI, MeTabOINTHI, (GUTOrOPMOHBI  —  MOTYT  OecCHpensTCTBEHHO
G PyHANPOBATE) OMPEAESIOT €ro HOHOOOMEHHBIE CBOMCTBa. 3MeHeHHe 3Tux
CBOMCTB aroIuIacTa BIMAET Ha MHTEHCHBHOCTH TpaHcmopra maccel Ca?* , uro
OoTpakaeTcs Ha mIapaMerpax pocTa KiIeTkH. Bo3moxHO, psia (pU3HOIOTHUECKHX
3 peKTOB, BBHI3BIBAEMBIX OOpPOM, CBS3aH C PEryJsALUed IMyJa MOHU3UPOBAHHOTO

kanbius B anoruiacte (butrorkuii, 2005).

B uncie nanbosee BakHbIX ()aKTOPOB, BIMSIONIMX Ha JOCTYITHOCTh OOpa B
II0YBE M PAaCTEHUSX, Ha3BaH Mmokasareias pH nous. [Tormomenue 6opa pacTeHUsIMH
CHJIBHO 3aBHCHT OT pH rpyHTa, ero pacmpeleieHHe MO PaCTCHHIO IMPOUCXOIMT
IPEUMYIIECTBEHHO C TPAHCIHUPAIMOHHBIM TOKOM. [1o (hosmMe Gop Takike MOKET
NIePeIBUTAThCSI B OTHOCHUTEIBHO OONBIIMX KojmuecTBax (Segars, 1987). Omnako

CUHNTACTCiA, YTO 60p IMO4YTHU HWJIN COBCEM HC PCYTUIN3UPYCTCA PACTCHUAMU

(UepnaBuna, 1970).

B nenom, 60p MeHee MOCTyIeH JUisl pacTeHUM NpH BBICOKUX 3HaueHusx pH
nouBbl. OTpuULIaTebHAsT B3aUMOCBA3b Mexay pH mouBwl u coaepxkanuem Oopa B
pacteHusix oTtmedeHa npu pH Berime 6,3-6,5. CHmwkeHue anacopOuuu Oopa ¢
yBenudeHreM pH nmoyB n3yueHo Ha JIOIEpHEe, coe U suMeHe. B HeKOTOpBIX MmovBax
Ha JIOCTYITHOCTh OOpa BIHUSET WX MEXAHWYECKUH COCTAaB M BHJl TIUHUCTBHIX
MuHepaioB. [louBbI TOHKOTO MEXaHMUYECKOTO COCTaBa cojepxkaT OoJiblie
AKCTPArupyeMoro B TOpsiYei Bojae Oopa, 4yeM IMOYBHI TPyOOro MEXaHWYECKOTO

cocCTaBa.

B pesynbraTe HCCIENOBAaHUM BBISABIECHO, 4YTO HEKOPHEBBIE IOJKOPMKHU
OrypuoB OOpOM M MapraHieM B YCJIOBHUSX OpPOLIEHHS Ha TEMHO-KalITaHOBBIX
nouBax CapaTOBCKOro 3aBOJDKBS IIO3BOJIIIOT CHU3UTh 3apa)KEHUE PpAaCTECHUU
MYYHUCTOW pPOCOM U OaKTepuo30oM, YIyUIIUTh JUHAMHUKY IUJIOJOHOIICHHUS,
KaueCTBO M XUMHUYECKUM  CcOCTaB  IUI0H0B. IlpuMeHeHue  yKa3aHHBIX

MUKPO3JIEMEHTOB MOBBIIIANO0 3((HEKTUBHOCTh MUHEPAJIbHBIX YJOOpPEHH U HaBO3a

(Munaesa, Hazapos, 1993).
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[Ipu OopHOM HEAOCTATOYHOCTU pacmaj KJIETOK B cTebiie
XJIOMMYaTHUKA, a Takke BO (uodMe U MOJIOJAOW KCUJIEMHOW TapeHXHUME
MPOUCXOIUII TOCTIE TOTO, KaK COACPKUMOE OOJIbllIel YacTh KJIETOK CTAaHOBUJIOCH
oueHb kuciaeiM (ot pH 5,8-6,4 y HopmanbHBIX pacTteHuit 10 3,8-44 y
OOpHeI0CTaTOUYHBIX). Bece 3TH M3MEHEHUsI COMPOBOXKAAINCH CKOIIJIEHUEM CaxapoB
U TIEPETNOJHEHUEM SHI0AEpMbI KpaxmanioM. OJHOBPEMEHHO B KJIETKaX KOHYHUKA
CTeOJISI YMEHBIIAJIIOCh COJEP)KaHWEe HUTPATHOTO a30Ta, a B KJIETKaX C BBICOKOU
KHCIIOTHOCTBIO HaOJII01a0Cch CcKomieHne amvuadnoro asorta (Wadleigh, Shive,
1939).

Ucxons u3 daxra, uTo OOpHEIOCTATOYHBIC PACTEHUS YaCTO HAKAILJIMBAIOT B
OOJIBIIIOM KOJIMYECTBE caxapa M aMMHUAYHBIA a30T, MpeJiaraiu, 4To 3TH YCIOBUS
CIIOCOOCTBYIOT CHMYKEHHMIO CKOPOCTH OKHUCIICHHS CaxapoB, a TAaKKe aMHUHUPOBAHUS
YTIAEPOJIHBIX MPOU3BOIHBIX.

OTHOCHUTENIBHO B3aWMOCBsI3U cojepkaHus (ocdopa u O6opa B pacTeHUH B
paboTax MpoLUIOro BeKa ObUIO MOKa3aHO, YTO OOp CYIIECTBEHHO H3MEHSII
BEJTMYMHY OTHOIICHUS MEXTY pa3auaHbiMu (popmamu pochopHbix coennHenwii. B
OTBITaX C paJuOaKTUBHBIM (ochopomM, ObUIO MOKa3aHO, YTO HEAOCTATOK Oopa
3aMETHO HMHIUOMpPYET CHHTE3 HYKIEHHOBBIX KHCIOT — cogepxkanue PHK B
YCIOBUSIX OOpHOM HEJAOCTAaTOYHOCTH YMEHbINAIOCh mpumepHo Ha 25%.
9Whittington, 1959; Illkoneuuk, Kocurun, 1962). IIpu stom conmepxanue JTHK
pacTeHull ¢ ONTUMAJILHBIM COJIepKaHUuEM 0opa u 'y OOpPHEIOCTATOUHBIX (B pacdere
Ha KJIETKY) HE OTiu4ajioch. Takum oOpa3om, ObLla YCTaHOBJICHA 3aBHUCHUMOCTH
Mexay Hamuarem 6opa u cuate3om PHK B pacrenun.

Bompoc 00 wu3menenuun PHK ypoBHs B pacteHun npu OOpHOI
HEJIOCTATOYHOCTH OCTaBaJICS JMCKYCCHOHHBIM. Tak, B oaHuX paboTtax ObLIO
nokaszaHo, uro ypoBeHb PHK yBemuuuBaercs mpu nedummre Gopa B pacTeHUU
(Cory, Finch, 1967; Daniel et al., 1970), B npyrux — oTMeYaJd €ro CHUYKCHHE
(Chapman, Jackson, 1974). B 0osee mo3gHEM [ETaIbHOM HCCIIEIOBAHHH
OMOCHHTE3a HYKJICHMHOBBIX KHCJIOT TIOKa3aHo, 4To mnpu jpeduiure Oopa

nojiaBisieTcs: orocuuTe3 ypauuaaudocdar — rimoko3sl (Birnbaum et al., 1977) -
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MypUHOBOTO  a30THCTOTO  OCHOBaHMsI OHMOCHMHTE3a HYKJICHMHOBBIX KHCIIOT
(KperoBuu, 1971).

Du3zuonozo-buoxumuieckas poiv 60pa 8 pacmenuu. B BBICIINX pacTEHUSIX
o6op Haxomutcs B ¢dopme moHomepoB: B(OH);, B(OH)s,~ wnm koMruiekcoB ¢
OpTraHWYECKUMH CTPYKTypaMu. PacTeHus comepkaT Kak BOJOPACTBOPUMBIC, TaK U

HE pacTBOpPUMBIE B BoJie (popMbI Oopa.

MUTOXOHAPUM ¥ MHUKPOCOMBI COJAEpPKAT HAUMEHbLIEE, a sApa, IJIACTUbI,
KJIETOYHbIE OOOJIOYKM U PAaCTBOPUMBIC KJICTOUHBIC (Ppakiuu — HaUOOJbIIee

KOJINYECTBO OOpa B pacueTe Ha KIIETKY.

bop kak »neMEHT mnHWTaHUA OKa3bIBaeT CIENU(UYIECKOEe BIHUSHHUE Ha
CKOPOCTh M XapakTep (U3HOJOTUYECKUX W OMOXMMHUYECKUX IPOIECCOB, CHHTE3
OpPraHUYECKUX BEIECTB, POCT, Pa3BUTHE W MPOAYKTHUBHOCTH pacTeHuit (Pymakosa
u ap., 1987).

[TokazaHo, 4TO mOJ BIUSHUEM OOpa TOBBIIMIACTCS HWHTCHCHUBHOCTh H
NPOAYKTUBHOCTh  (OTOCHHTE3a, JbIXaHWS, OHOCHHTE3a U TEpEABIKCHHE
yraeBoaoB. O0ecniedeHHbIe OOPOM PACTEHHS OTJIMYAIOTCS BEICOKUM COJIEP’KaHUEM
XJIOpouUIIa, MOBBIIEHHOW PabOTOCIOCOOHOCTHIO XJIOPOILIACTOB. DTOT AJIEMEHT
NpPUHUMAeT ydYacTHE B HYKICMHOBOM OOMEHE, aKTHBH3UPYET JCHCTBHE
dbepMeHTOB, y4acTByeT B (OPMHPOBAHUU PENPOIYKTUBHBIX OpraHoB. bop
o0namaeT cBOEOOpa3HBIMH OCOOCHHOCTSIMH B TIOCTYIUICHUH, PACIpEACICHUN W
JIOKAJIHHOW KOHIIEHTPAIIMH B PA3JIMYHBIX OPraHaX PACTEHUN: B OTJIMUKE OT JPYTUX
AJIEMEHTOB THTaHUSA, COJEepKaHUE Oopa B PACTCHUH OJHOTO BHJA, MOXKET
CYIIIECTBEHHO KOJIeOAThCS, B 3aBUCIMOCTH OT HAJIMUHWS M COJEPKaHUS dJIEMEHTA B

NUTATENbHOU Cpefie, YCIOBHM BeIpauBanus U T.4. (Arcnok, 1978).

BepositHO, 60p crocoOeH co3aBaTh KOMIUICKCHBIE COCAMHEHUS Pa3IMYHON
YCTOWYMBOCTH, HampuMmep, KOMIUIEKCHI Oopa ¢  TMOJUTHUAPOKCHIBHBIMU
COCIMHEHUSAMH. YCIIOBHEM O00pa3oBaHUs KOMIUIEKCHBIX COEAMHEHUM OOpHOMU
KUCJIOTHl (0OpaToB) € OPraHMYECKHMMHU BEIIECTBAMU SIBISICTCS HAJIUYHE Y

MOCJIICAHUX PACIIOJIOKCHHBIX PAAOM B YUC-TIOJTOKCHUN TUAPOKCHIIBHBIX TPYIIIIL.
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310 MOTYT OBITH BUTaMUHBI, KO(EpPMEHTHI, pa3IYHbIC
dbepmenTHbie cyOcTpaThl. Peakium o00pa3oBaHUST OSTUX KOMIUIEKCOB JIETKO
oOpaTuMbI, d9YTO OOYyCIaBIMBACT BO3MOXKHOCTh IIOJIYYCHHS KOMIIOHEHTOB,

BCTYNAIOLIMX BO B3aMMOJIEICTBUE, B UX IEpPBOHAYAIBHOU (popMme.

Kommuiekcsl ¢ aHMOHOM TeTpabopaTta 00pa3yloT HMPOCThIE caxapa, CIHUPTHI
caxapoB, MoyMcaxapujbl, (EHOJbHBIE COEIWHEHUS, KETOKHCIOTHI, HAmpumep,
MTUPOBUHOTPAIHAS M AllETOYKCYCHBIE KUCIOTHI. Y CTOMUMBEIE COSTUHEHHS C O0pOM
JAl0T  CaJUIWIOBas, MOJIOYHAsT W JEruApoackopOuHoBas Kuciaotel. [lpu
00pa30oBaHMM KOMILJIEKCA C CaJHUIMJIOBOM KHCIOTOM HEOOXOAMMBIE IJISl peaKluu
THUAPOKCHIIBHBIE TPYMIBI BO3HUKAIOT, BEPOSTHO, B pe3ylbTare THApaTaIlid
KapOOKCUIBHBIX rpynn. KeTro- W JHKETOKHCIOTHI pearupyror ¢ OopaTom,
OuYeBUIHO, Onaromapsi ruApaTaiui Ketorpymi. [IpouHo cBsA3BIBaOTCS ¢ OopaToM
NUPUIOKCUH (BUTaMHH Bg) 3a cuer oOpa3zoBaHus KOMIUIEKca 6opa ¢ (eHOIbHBIM
ruapokcuaoM. PubodnaBun (ButamuH Bj), KOTOpBIA BXOAMT B COCTaB
dbnaBuaMoHOHYKIeoTHAA (DMH). d1aBUHMOHOHYKIICOTH ] MOXKET COCIUHITHCS C
MOJIEKYJION aJICHUHOBOU KUCJIOTBI, pu 3TOM obOpazyercs
dbnaBuHagenunaunykieotusn (O®AJl). B coeauHeHnn ¢ pa3iuyHbIMU OelKaMu
®OAJl popmupyer uenblii psia OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX (DEPMEHTOB, B
YaCTHOCTH, MOIU(EHOIOKCH a3y B JbIXaTeNbHOM 1enu. PubodnaBun B KoMILieKkce
¢ Ooparom Oosiee pacTBopuM, ueM B ucxoaHom coctossuuu (Torssell, 1956). Kpome
TOTO, oopat MOKET 00pa30BbIBATH KOMILJIEKCBI C
HUKOTUHAMU/JIaICHUHIUHYKJIEOTHUIOM (HAT) u
HUKOTHHaMuaaeHnHanHykineotuadpocharom (HAJID), kotopeie  sABIAIOTCA
Ko(epMEHTaMH JETUAPOTEHA3 JAbIXaTeIbHOW IIEMH, a TakKXKe BXOAST B COCTaB
ageHosuHtpudochara (ATD) —  BaxkHEWIIEro  BBICOKOIHEPTETHUECKOTO
coenuHeHuss pacteHus. OOpa3oBaHHE KOMIUIEKCOB C ATUMHU COEAMHEHHUSIMU

00yCJIOBJICHO HAJIMUMEM B UX COCTABE YIJIEBOJIa PUOO3bI.

OI[HOBpCMeHHO C U3MECHEHHEM CBOMCTB HCXOOHBIX COGI[I/IHGHI/Iﬁ B IIponeccce

06p330BaHI/II/I KOMIIICKCA CYIICCTBECHHO HMU3MCHACTCA M HUX XHUMHUYCCKaA
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peakTuBHOCTh. CIIOCOOHOCTH, MpHUCYIasi OONBIIOMY  YHCIYy  OPTaHUYECKUX
COCIMHECHHM, JaBaTh KOMIUIEKCHI C OOpOM CO CBOMCTBAMHU M PEAKTUBHOCTHIO,
3HAYUTENIBHO OTIMYAOIIUMUCS OT TAKOBBIX MCXOJHBIX COCIMHEHUHN, MOXKET OBITH
UCTIONb30BaHA TIPM TPAKTOBKE MeEXaHMW3Ma JICUCTBUS OTOTO DJJEMEHTa B
KaTaJIMTUYECKUX Tporieccax. [Ipu s3Tom xapakrep ASCTBUS O0pa MOKET OKa3aThCs
CaMbIM pa3IWYHBIM. DJIEMEHT CIIOCOOCH YyBEIWYMBATh CKOPOCTh OJHHUX W
TOPMO3HUTH JPYTHE PEaKIMu. JTHU CBOWCTBAa OOpa JIETJIM B OCHOBY IIEJIOTO psijia
TUTIOTE3, OOBICHAIONINX MEXaHU3M €Tr0 yJacTus B mporieccax ooMena (UepHaBuHa,
1970). Psaxg rumoTre3 Ha COBPEMEHHOM JTarle HUCCICAOBAHMS  IOJYYMIIH

OKCIICPUMECHTAJILHOC ITOATBCPIKACHHUC.

Pone 60opa 6 npespawenuu yenesooos. VccnenoBaHus MO HM3YYCHHIO
3Ha4YeHUs Oopa B YriIeBOJHOM oOMeHe, mpoBejieHHbIe B 60-x rogax XX cTojeTus

IIOKa3aJin:

BO-TIEPBBIX, YTO OOp Yy4YacTByeT B O0Opa30BaHWUM KJICTOYHOU CTEHKH
pactenus. OpraHnuyeckre OOpaTHbIE KOMIUIEKCH CIOCOOCTBYIOT YBEIWYEHUIO

SIIACTUYHOCTH KJIeTOUHBIX cTeHOK (Torssell, 1956);

BO-BTOPBIX, YTO OOp YBEIMUYUBACT B [IBA pa3a CHHTE3 Caxapo3bl U3 TIIIOKO3bI
U GpyKTO3bl, Ipu HamuuK ypuauatpudocdara (YTD) — BHICOKOIHEPTeTUIECKOTO

dochopcoaepkariero coenunenus (Dugger, Humphreys, 1960);

B-TPETbUX, YTO OOp BKJIIOUYEH B MeTaboiu3M (ochopHbIX 3PUPOB WU
HETOCPEJCTBEHHO B yriieBoaHbIH oOMeH (Reed, 1947) B mporecce HapanuBaHus

MOJINCAaXapUIHOMN 1IN U B U3MEHEHHE COOTHOIIIeHUs caxaposa/kpaxmain (Dugger,

Humphreys, 1960).

OTHOCUTENBHO NEPBOrO MOJIOKEHUS MMOKA3aHO, YTO CTPYKTYpHasi pojb Oopa
B KJIETOYHOW CTEHKE BBICHIMX PACTEHUN 3aBUCHUT OT €ro KOMIUIEKCA C MEKTHHOM,
Ha KoTopbld mnpuxonutca 70% conepskamierocss B KIETOYHOW CTeHKE Oopa

(Xomsikos, 2008).
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ITepBbIit Oopcoaepkaliiuii  KOMIIOHEHT, OIPEICIICHHBIN y
npenacraBuTenield mapcrea pactenuit (Matsunaga et al., 2004), Obur menTHIHBINA
nojucaxapua pamuoraiaktypa |l wimu, cuHonuMm — pamuoranaktypod Il (RGII),
rae 6op TUAPUIHO CBsi3aH ¢ AByMs Mojekyinamu RGIl 6opatHpiMu MocTHKaMH,
TEM cambiM, oOecneuynBasi YCTOMYMBOCTb MATPHUIBl KIETOYHOM CTEHKH.
JIByONbHBIE W OJHOJOJIbHBIE PpACTEHUS CYIIECTBEHHO pPa3jIM4aroTcsi IO
COJIEP’KAaHUIO B MX KJIETOYHOW CTEHKE MEKTHUHOB: y IBYAOJBHBIX HUX MHOTO, Y
OJHOJOJNBHBIX — Majlo, YacTHYHO (YHKUHIO TEKTUHOB BBIMOJHAIOT L-
raJIaKTYpOHOBBIE KHCIJIOTBI, BXOJSIIME B COCTaB TJIIOKYpPOHOAPaOUKCHIIAHOB
(®uznonoruu pacrenuii, 2005).

[To-Bunumomy, ycuienHoe popmupoBanre RGII monekyn (1 obpasoBanue
MOJIEKYJIIPHBIX CBsI3eM C Ooparamu), OBLUIO TECHO CBS3aHO C 3aBOCBAaHUEM
NOBEPXHOCTH 3eMiId B Xoje »HBomouud. Hecocyauctele MoxooOpa3sHbIe,
Hanpumep, Avascular bryophytes, comepxar Toipko mpubmm3urensHo 1 % ot
konuuectBa RGII y BuAOB cocyaucTeiX pacteHuid, u konudectBo RGII B
KJIETOYHBIX CTEHKaX MOCJEIHUX YBEJIWYWIOCh B XOJ€ Bcel sBomtonuu. Passutue
3aBUCHMOCTH PAacTEHUH OT Oopa B TEUCHHE HBOJIOIMHU MOXKET, TAaKUM 00pazom,
JIOBOJIBHO XOPOIIO KOPPETUPOBaTh C BEPTUKAIBHBIM POCTOM U JHUTHU(UKALMEH
BTOPUYHBIX CTEHOK. X0pouio coxpanuBiascs crpykrypa RGII u toT dakr, uro eé
reHbl OOHAPYKEHbI Y CAMBbIX HECOBEPILIEHHBIX Ha3€MHBIX PACTEHUH, YKa3bIBAET Ha
Tto, uro RGII HeobOxoaumas MoJekyna s CTPYKTYypbl KJIETOYHOW CTEHKU
(Matsunaga et al., 2004).

YactuyHast 3ameHa ocTaTkoB L-(pyko3sl (MOHOcaxapuia Kjacca TeKCO3)
octatkamu L-ranakto3el B mnohucaxapugax M B RGII kapmukoBoro rubpuna
Arabidopsis, nmpu HenocTaTke B HeM Oopa, MPUBOJIUT K YMEHBIIECHUIO POCTA U
yponctBy pactenuii (Reuhs et al.,, 2004). Beuio Tarxke Moka3aHo, YTO Mpeaes
MPOYHOCTH Ha pa3pbiB ObBUT MEHBIIE B 3TOM THOpUJE MO CPABHEHHIO C TUKUM
tunioM (Ryden et al., 2003). Tot ¢akT, 4To pacTeHUsI MOTJIH MOJHOCTHIO BEDKUTH C
0o0J1ee BHICOKMM cojiepaHueM 0opa B TMIIOKOTHIIE (4acTu cTeOIs B 3apObILIE) U B

cTebyie MoKa3bIBaeT, 4To Heaoctarok (yko3sl B RGII ckopee Baxkhee s
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dbenotuna, yemM e€ HEQOCTAaTOK B TOJMcaxapujiax. OKCIEPUMEHTHI C
KaJutycamMu TuOpujga Tabaka TakKe IOKa3ald CTPYKTYpPHYIO HE0OXOIUMOCTb
numepoB B-RGIl myist HopmanbHoro pocrta. I'mOpug 3TOro pacTeHusi UCIBITHIBA
HEJOCTAaTOK B  TJIIOKypoHTpaHcdepaze, HEOOXOIMMON JJisi  yBEJIUYEHUs
roKypoHoBo# kuciotsl B RGII, BbI3biBas ymeHbleHne GopMUpOBaHUs TUMEPOB
B-RGII u, xak cieiacTBue, CHMXKEHHE MEXKIETOUHOIO COEIMHEHMS B TKaHIX
MEpPHUCTEMBI, a TaKXke HecrnocoOHOCTh chopmupoBath moder (Iwai et al., 2002), aro
TOBOPHT O Ba)KHOCTH IEKTHHOB Kak aare3noHHbIX Mosieky: (Lord, Mollet, 2002).
[ToaTBepkaeHbl HAOMIOAEHUS O CHUKEHUU DJACTUYHOCTU KIETOUYHOM CTEHKHU Y
pacTeHUid 4epe3 S5 MHUHYT IOCJIE€ MCKIIOYEHHUS W3 MUTATeIbHOM cpelapl Oopa
(Findeklee, Goldbach, 1996) u 00 W3MeHEHHMHM HOPHUCTOCTH KICTOYHOM CTCHKH,
korga aumepusamnus Mosekynsl RGIl Hemoctatouna wuz-za gedurura OGopa
(Fleischer et al, 1999; Noguchi et al, 2003). Iloka3ano, u4ro
KOMILIeKcooOpa3oBanue Mosiekyiabl B-RGII urpaer BakHyto poJib B pacTsiKeHUU
NEPBUYHOM CTEHKH, B CTPYKTYp€ BTOPUYHON CTEHKU WM B €€ hopMupoBanuu. bop
u RGII mMoryT Takxke B3aMMOJEHCTBOBATH B Mpolieccax 3a MpeaeiaaMu MPOCThIX
TMOPUIHBIX CBSI3€M KJIETOYHOM CTeHKH. KHWHa3bl KJIETOYHON CTEHKH CBS3BIBAIOT
MEKTUHBI U3 BHEKJIETOUYHOU Cpelbl C 30HOU, COJEPIKALIEH MPOTEMHOBYIO KMHA3y B
nuroriazmMe. OHM  TpeOyroTcsl Il pacTSKEHUS KIETKH U PeryJupyroT
MeTaboIM3M caxapoB, 00a mpoiiecca MpsMO WM KOCBEHHO CBSI3aHbI ¢ (DYHKUIUSAMU
oopa (Ryden et al., 2003; Kohorn et al., 2006).

Pa3Butre mpeacTaBieHHl MO BTOPOMY M TPEThEMY MOJIOKEHHUIO JOKA3aJlo
ydactue 6opa B pEepMEHTATUBHOM OOECTIEUCHUH yTiIeBOAHOTO oOMeHa. Tak, ObLIo
MOKa3aHo WHruOupoBanve OopoM (ochopunasel kpaxmana, y4acTBYIOLIEH B
npoliecce mpeBpalieHus Kpaxmaia B Ioko3o0-1-docdar. [Ipennonaramm, yto 60p
Oyner Takxke BIMITH Ha (HochHOpHIMpOBAHUE TIIOKO3BI MyTEM BO3ICHCTBUS Ha
reKCOKMHa3Hyl0 peakiuioo. OpHako NpucCyTCTBUE OOpa HE CKa3bIBajJoCh Ha
AKTUBHOCTU TEKCOKHHA3bl, (POCQOTITIOKOMYTa3bl WJIM HWHBEPTa3bl, aKTUBHOCTH
nupodochopunazel  ypununaudochormokossr (YD) ynBamBanmace mpu

COAEPKaHUM FTOTO 3IeMeHTa B pacteHuu 10-20 MxM:
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Yaio + TI-1-&- VYIPI' + Ilupodochar (peakuus 1). bop Bausn
Ha paBHOBecHe peakuuu 1, ciBuras ee B cTopoHy cunreza Y JI®I', u unrubuposai
peakiuto mexay Y AI'® u dhpykrozoit (Op):

YADI + Op < YD + caxaposa (peakius 2).

[Toxazano, uto OGopaThl 00pPa3yIOT KOMIUIEKCH C TIIOK030-6-(hocdarom,
pulyne3o-5-pocharom u  apyrumu  ddupamMu, TAC OITSPUDUIUPYIOTCI C
YTAEPOIHBIM aTOMOM B IISITOM WJIM IIECTOM MojoeHuu. OmHako, onupasch Ha
JaHHbIE 00 OTCYTCTBMM MHTMOMPOBaHUS OOpHOM KUCIOTOM (HOCOrioKoMyTashl B
JKUBOTHBIX TKaHSX, UCCIICIOBATENIM CBA3BIBAIOT crienupuueckuit 3¢gdext 6opa co
CTPYKTYpOi IMEHHO pacTuTeibHOro epmenta (Brown et al., 2002).

bop u kxnemounvie memopanvl. MHOTOUUCIICHHBIE MCCIIEAOBaHUS TTOKA3aIu
poinb OGopa B  (QYHKUMOHUPOBAHUM  (PEPMEHTOB U  JAPYrHX  OEJIKOB
[IUTOTUIA3MATHIECKON MEeMOpaHbl, B MPOIECCe TPAHCIIOPTA Yepe3 ATy KICTOUHYIO
CTPYKTYPY, a TaK)Ke pOJIb JIAHHOTO 3JIEMEHTa B 1eocTHOCTH MemOpansl (Cakmak,
Romheld, 1997; Goldbach et al., 2001; Brown et al., 2002). Hanpumep, npu
nebuuTe 6opa m3MeHsyics memOpannbiii moreniuan (Blaser-Grill et al., 1989),
CHIKajach akTUBHOCTh ATda3bl NPOTOHHOM MOMIIBI U TEM CaMbIM YMEHBILIAJICS
IIPOTOHHBIN I'PAaJUEHT Ha IUTOoIIa3MaTudeckoir memopane (Ferrol, Donaire, 1992;
Obermeyer et al., 1996), u Takke CcHWXalachb aKTUBHOCTh Fe-peaykrassl
(Goldbach et al., 1991; Ferrol, Donaire, 1992). Ilo kpaiiHeli Mepe, HEKOTOPbBIC U3
ATUX TIPOIIECCOB, TaKOM KaK TOPMOXXEHUE AaKTUBHOCTH OKCHIOPEAYKTa3bl Ha
TpaHUIle [TUTOMIa3MaTHIECKOW MEMOpaHbl, HEOTHOKPATHO HAOIIOJAICS B TEUCHUE
MHUHYTBI TOCJIC WCKIIOYECHHS W3 MHUTATeNbHOW cpenbl Oopa (Barr et al.,, 1993;
Wimmer et al., 1999). ITocnenctBus HegocTaTka 60pa MOTYT MPSAMO HIIM KOCBEHHO
OTpaXkaThCsi Ha Tpolecchl B MeMOpaHe. HemocpencrtBeHHas poib Oopa B
MOIepKaHU MEMOPaHHOW CTPYKTYpbI, BEPOSITHO, OCYIIIECTBIIIETCS Yepe3 ITHC-
JUOJIbI B KOMILIEKCE C TJIMKONPOTEHHAMH, KOTOPBIC SIBISIOTCS CTPYKTYpHOU
CoCTaBISIONICH nuToILIa3MaTrueckoii memopansl (Goldbach et al., 2001; Brown et
al., 2002; Bolanos et al., 2004). ITocneacrBus aedunnta 6opa ykasplBald Ha €ro

CTPYKTYpPHYIO pPOJIb B CTaOWIM3AIMM MEMOpaHbl, MNPOSBISSICH B H3MEHEHUU



38

TpaHCIOpTa dYepe3 Hee Kamus W caxapugoB (Parr et al, 1983;
Goldbach, 1985; Cakmak et al., 1995; Wang et al., 1999), u u3meHeHuem Ha
rpanuie MemOpanbsl ypoBHs Kaibius (Wimmer, Goldbach, 1999). Ilposisnenus
OOpHOTro roJIoAaHusi MOTYT ObITh KOMIEHCUPOBAHBI MOBBIIICHHBIM MOCTYIICHUEM
KaJbIus U3 nutareabHor cpeabl (Bolanos et al., 1993). Ilpeanonaranock, uto 60p
IPEANOYTUTEIHHO B3aUMOJICUCTBYET C OTpHULIATEIbHO-3aPSHKEHHBIMU
dbochommmuramMmu MeMOpaH UK C TEMU BEIECTBAMH, KOTOPHIE COJEPIKAT OCTATKU
caxapuJoB B MX TJIaBHOM rpymnme, mpuueM, 00p B3aMMOJCHCTBYET C JBOMHBIM
CJI0E€M JIMIUAOB IMPU OYEHb MAaJbIX KOHUEHTpAIMSAX B pacTeHusx. bop Moxer,
TakuM 00pa3oM, UTpaTh POJb B MOAJACPKAHUHM TEKYYECTH MEMOpPaHbI, PEryIupys
TUApPATAlMI0 ¥ TEKy4eCThb JBOWHOrO JMIUAHOIO CJIOS. DTO pEryisiTopHas
bynkius Oopa Ui TpeACTaBUTENECH IapcTBa pacTeHUi, KoTtopas TpeOyer

nanpHeimero moarsepxxacaus (Verstraeten et al., 2005; Takano et al., 2005).

MemOpanHasi (QYHKIMS TakKe MOXKET HW3MCHSTHCS TPH  HAKOIUICHHH
OKHCIIUTEIBHBIX CBOOOJHBIX PaIUKajIOB, BKIIOYasl aKTUBHBIC ()OPMBI KHCIIOPOJa,
YTO SIBJISICTCS OJHUM M3 KOCBEHHBIX TOCICIACTBHHA Neduimra 0opa B KIETKaxX
kopus u jucra (Cakmak, ROmheld, 1997). D10 MoXxeT ObITh MPEOJOJICHO MyTEM
yBEJIMYCHUsS B HUX ypoBHs 0opa (Pawa, Ali, 2006) u kak OyneT oOcyxIeHo naiee,
CBSI3aHO C ()CHOJIBHBIM OOMEHOM PACTEHHIA.

[Tpu nedunure 6opa B pacTeHUW BOIHBIC KaHAIBI B ITUTOIIA3MAaTHYCCKOU
MeMOpaHe 00paTHMO 3aKpBIBAIOTCS THIPOKCUIIbHBIME paaukanamu (Henzler et al.,
20040. DOtm paHHBIC OBUIM TOATBEPKACHBI TEM, YTO AKTUBHOCTH 3CJIEHBIX
(ITyOpECIEHTHBIX OCITKOB, UCIOIB3yEeMBbIX JIJISI HCCIICIOBAHUS TPAHCMEMOPAaHHOTO
IepeHoca B KOPHEBBIX KOHYMKAax Ta0aka, MOYTH MPEKpalaiach, eciau IeQUIUT
Oopa Obu1 B nipezenax yaca (Yu et al., 2002).

Yyactue ©Oopa B (¢oTOCHHTE3€, MO-BUAUMOMY, CBS3aHO C  €rO
byHkIHOHMpPOBaHHEM B MeMOpanax xjoporuiactoB (Kastori et al., 1995).
Hapymas TumakouaHpli TIEPEHOC DJIEKTPOHOB Uepe3 MeMOpaHy H €€

HPHEPreTUYECKUl rpajueHt, aepuuutr Oopa MNPUBOAUT K (HOTOMHIHMOMPOBAHUIO
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(Heiner et al., 2007).

Bausinue 6opa na memabonusm ¢henonbHuIx coeounenuti 8 pacmeHuu. JJaBHO
U3BECTHO, 9TO aKTUBHOCTH 1oJIM(heHOIOKCHIA3bI 170031
nuruapookcudenmtanannHokcuaasbl (JJODA-okcuaaszbl) HAXOAUTCSI B 00OpaTHOM
3aBUCUMOCTH OT KOHIICHTpPAIMK B pacTeHUU Oopa. bopaTsl MOTYT OBITH MPSIMBIMU
UHTHOUTOpAMU JTOr0 (epMEHTa, OJHAKO, AOTO HKMEET MEeCTO JIMIIb TIpH
KoHIIeHTparuu dnemerTa 6osee 0,01 M, 1.e. B 12 pa3 npeBsimaromeii cojaep:kanmue
3TOr0  dJeMeHTa B  HOpMajbHbIX  KieTtkax  (Skok, Mcllrath, 1958).
[Tomudenonokcumaza — GpepMeHT, KOTOPhIH B KadecTBE KOo(epMeHTa COAEpPIKUT
mens (0,2-0,3%), u OenKOBYHO 4YacTh, OKUCISACT MOJU(PEHOIBI 10 XHWHOHOB:
noJU(EHOIT <> XHHOH. JTO Ba)KHAs CTYINEHb B OCYIIECTBICHUHN MIPOIIECCa IbIXaHHUs

(KperoBuu, 1971).

B ycnoBusix Hemocratka Oopa HakomuieHHE (DEHOJIOB COIMPOBOXKAACTCS

yBeJIMYEHUEM aKTUBHOCTH TosrdeHonokcuaassl (butronkuii, 2005).

[Ipsimoii  uHrMOupyrommii  >@dexkt  OopaT-woHa Ha  aKTHUBHOCTH
NOJU(PEHOIOKCHIa3bl 1N VIVO Npu TOM YPOBHE cojlepKaHusi Oopa, KOTOPBIit
3auKkcHUpoBaH B BOAHOW (a3e pacTeHwil, MOXET OBITh OUYEHb HEOOJBIINM.
3HAYUTENBHOTO WHTHOUPYIOUIETO ACUCTBHS CIEAYET OKUAATh, OYEBHUIHO, TOIHKO
B HEKOTOPHIX KIETOYHBIX (pakimusax, C KOTOPHIMH, BO3MOXXHO, CBSI3aHBI

(dheHonazHbie PEePMEHTHI.

[Tonudenonokcumaso  MOXHO Ha3BaTb W (PEepMEHT  TUPO3UHA3Y,
okucstomuii Tupo3uH. [llupoko pacrnpocTpaHeHHas B MPUPOJIC aMHUHOKHUCTOTA L-
TUPO3UH (0-aMUHO-B-OKCU(EHUITTPOTMOHOBAsT KHUCJIOTA) JIETKO TMOABEPTaeTCs
OKHCJICHUIO TIOA JIeWCTBHEM (epMEHTa THPO3MHA3bl M JIaeT TIPH 3TOM

TCMHOOKPAIIICHHBIC BCIICCTBA — MCIIAHWHEIL.

Bricokas HOJ'II/I(I)GHOJ'IB,?)HafI N THUPO3HMHA3HAA AKTHBHOCTb MOKCT OBITH

CBs3aHa ¢ OOPHON HEOCTATOYHOCTHIO MHAYE, & UMEHHO, C OKUCIICHHEM KO(heHHOU
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U XJOPOT'€HOBOW KHCIOT (TIOCHEHSSI CIYXHUT €CTeCTBEHHBIM CyOcTpaTtoM
noJu(peHOIIOKCHAa3bl) — MOHO(EHOIBHBIX OKCUKOPHUYHBIX KucioT. Kodeiinas
KHCJIOTa — MOTEHIIMALHBIN MPEIIIeCTBEHHHUK JIMTHUHA U OJTHOBPEMEHHO CyOCTpat
NePOKCHUIa3bl, aKTUBHOCTh KOTOPOW YCHUJIMBAETCS B OOPHETOCTATOYHBIX TKAHSX.
JlelictBue Oopa Ha MNoM(EHOJA3HYI0 AKTUBHOCTh OTpPA)XAaeTcsi Ha CKOPOCTH
OKHCIICHUSI 0-TU(EHOIOB, 00pa3yloImux OopaTHbIE KOMIUIEKCHI, U IO3TOMY
KOHTPOJIUPYIOIIME YPOBEHb M COOTHOUIEHHE MEXIYy MOHO- M HoJu(eHOIaMu B

kieTke (3utre u ap., 2008).

Hekpo3 TkaHeii B yclnoBusix OOpHOW HEIOCTATOYHOCTH  SIBIISICTCS
pe3yAbTaTOM MOBBIIMIEHHOTO COJIEPKaHUSI KOPEHHON KUCIOThL. JTa KUCIOTA WU
pEaklMH C €€ Y4aCTUEM BBI3BIBAIOT pa3pyllIeHHE MPOBOAsAIIEH TKaHU. CKOPOCTb
UKJINYECKOTO OKUCJICHUS! B (PEHOJIOKCHUIA3HOW CHUCTEME MOKET PEryJUupOBaTHCA
o0Opa3oBaHKEM TOJUTHIPOKCHILHBIX KoMmiuiekcoB (Dear, Aronoff, 1965; 3utre u
ap., 2008). YV Tex pacTeHuil, KOTOpPbIE B OTBET Ha JEPUIUT OOpa aKKyMYJIHPYIOT
dbeHonbl, Hampumep, KoheHWHYI0 KHCIOTY, OOBIYHO PErHMCTPUPYIOT BBICOKUMN
ypoBenb uHAonuinykcycHoi kuciotel (MYK). Hakommenne MYK moxer OBITH
00yCJIOBJICHO WHTUOUPYIOIIUM JeHCTBUEM KO(MEHMHOM KHCJIOTHI Ha aKTUBHOCTH
NYK-okcunaszel. Kpome TOro, 60p MOXET BIUATH HA MEXaHW3M KOMMYHHUKALUU
KJIETOK, 2 IMEHHO, Ha TIOJIIPHBIN TPAaHCHOPT ayKCHHA B IIEHTPAILHOM IUIUHIAPE
KOpHSI B HAIlpaBJIEHUU €r0 alnMKaJIbHOIO KOHYMKAa — Oa3umeTalbHbId TPaAHCHIOPT

NYK unrubupyercs B ycnosusx nedunura 6opa (butronkuii, 2005).

[lepokcumaza cOBMECTHO € MOHOGEHOJAMHU ONpENeNsieT AeSITeIbHOCTD
OKCHJIa3bl WHAOJIIYKCYCHOH KHCIOTHl. Bnusame Oopa Ha TEpOKCHIA3HYIO
aKTUBHOCTh M Ha TPHUPOAY U COOTHOIIEHHWE MEXKIYy MOHO- W TMOJMH(EHOIBHBIMU
COCIMHECHUSIMU B KJIETKE MOXET OTBEYATh 32 Pl d(PPEKTOB, BHI3BIBAEMBIX OOpHOM
HEJIOCTAaTOYHOCTHIO H, B TIEPBYIO OYepedb, CO CTOPOHBI  TPOIECCOB,

KOHTpOJUpyeMbIX putoropmonom aykcunom (Perkins, Aronoff, 1956).
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CuMITOMBI 60pHOﬁ HEAOCTAaTOYHOCTH BECbMa CXOAHBI C
IIPpU3HAKAMH, ITOABJIAIOIIUMUCA Y paCTeHI/Iﬁ B YCIIOBUAX HCIOCTATKAa AayYKCHHOB.
bruta mokazaHa BO3MOKHOCTb YAaCTMYHOM 3aMEHBI 60pa AYKCHHOM IIpH POCTE

pacTeHHl TIpH HU3KOM MHTeHCHUBHOCTH cBeTa (Eaton, 1940).

OxucneHre MHAOIWIYKCYCHOM KHUCJIOThl KOHKYPEHTHO WHIMOUpYETCs o-
mudeHonamu. B mpucyrcTBuu 06opa akTUBHBIE AU(EHOIBI WHAKTUBUPOBAIUCH B
pe3ysibTaTe KOMILJIEKCOBaHUS. B OOpHEOCTaTOUHBIX pacTEHUSIX 3TH COCAUHEHMS
MOTYT HakariuBaThCs. [Ipu Takux ycCIOBUSX JOHKHO MMETh MECTO M30BITOUHOE
COJIEp)KaHUE B HEKOTOPBIX TKAHSAX WHIOJMUIYKCYCHOW KHCJIOTBI U POJACTBEHHBIX
ayKCUHOB. D(P(PEKT OT CKOIIIEHUSI POCTOBBIX BEIIECTB MOXKET OBITh Pa3JIMYEH: OH
MOXET HAaWTH BBIPAXKEHHE B HM30BITOYHOM DACTSDKEHUM KJIETOK, UX JEJIIEHUH W
muddepeHInann, a TakKe YCUJIEHHOM MOIVIOIIEHUN BObl. CKOIJIEHUE ayKCUHOB
B MEpPUCTEMAaTHYECKHUX KJIETKaX M OKPYKAIOIIEH MapeHXuMe WId B
muddepeHIMPYIOMUX — TKaHAX  NPUBOJUT K  aJaNTUBHOMY  YBEJIMYEHUIO
IIEPOKCUAA3HOM AKTUBHOCTH, KOTOpas BCJIEACTBUE BBICOKOTO COACPIKAHUSA
nu(EeHONIOB HE BBI3bIBAJAa pa3pylleHHe ayKCHHA, a MPUBOJWIO K OOpa30BaHHUIO
KOPUYHEBOM OKpAaCKM TKaHEH IpU IEPENOJHEHUH HMX AayKCMHOM, OTMHMPAaHUHU

KJIETOK U MpexaeBpeMeHHoN nx smrandukanuu (Hewitt, 1963).

[ToBplIEHHOE coaepxkaHue (EHOJOB U COOTBETCTBYIOUIMX (EPMEHTOB B
KJIETOYHOM CTEHKE IPOBOLUPYET YBEIWYEHUE PEAKTUBHOCTH IPOMEKYTOUYHBIX
OPOAYKTOB: XMHOHOB U  aKTHBHPOBaHHBIX  ()EHOJOB,  CIOCOOCTBYIOIIMX
IIPOJYLHUPOBAHUIO CYNIEPOKCUIHBIX PAaJUKAIOB B JbIxarenbHOU nenu. [locmennne
UrPAlOT BAXKHYIO pOJb B IEPOKCUIHOM OKHUCIECHHUH IJIMIIAIOB U HAPYIICHUU

OCIOCTHOCTHU MCM6paH.

Takum oOpa3zoM, MHOTHE TPYAHOOOBSCHHMBIE B MPOIIJIOM BEKE BOMPOCHI
OTHOCUTEJIBHO pOoJIn OOpa B METa0OJIM3ME PACTEHUS HAILUIM CBOE OOBSICHEHUE B
JaJbHEUIINX  MCCIIEIOBAHUSX. Heburur  Gopa  BBI3BIBAET  MHOTHE

@HSHOHOFH‘ICCKI/IC, u OMOXMMHYCCKHE HapymcHusA, BKJIO4Yasd HM3MCHCHHC
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CTPYKTYpPbl ~ KJIETOYHOW  CTEHKH MeMOpaH

¢yukiuonupoBanud. [lpu  u30bITKE

U TEJIOCTHOCTH U ux
Oopa uIOET TOAABICHUE AKTHUBHOCTH
(GbepMEeHTOB YIJIEBOAHOTO M (PEeHOIBHOTO OOMEHOB (3a CYET CpOJCTBA ASTOTO

9JICMCHTA K MMOJUTHUAPOKCHUIIbHBIM CO€,Z[I/IH€HI/IHM), N3MCHCHHC B IIPOU3BOACTBC

HIMPOKOIO JUANa30Ha PACTUTEIIbHBI

X MeTa0O0JIUTOB.

OcHoBHbIE TpU (PyHKIIMM OOpa B paCTEHHWU M CBSI3aHHBIE C HUMHU PEAKIUU

00001IeHBI Ha pUcyHKe (puc. 1.1).

DU310I0r0-0MOXUMHUYECKHE
¢byHKuMKM 00pa B pacCTeHUHU

-

Pors Gopa B bop Biusinue Gopa Ha
IpEeBpalllCHNHN KJICTOYHBIC METa6OoIM3M
yrieBoaos MeMOpaHsI (EeHONBHBIX
COEAMHEHNN
I— - _
DNIacTUYHOCTh bop-nenTu b HeHOCTiOCTB VYBenuueHue
KJIETOYHOM foucaxapui — HIM™ — AKTUBHOCTH
CTEHKH Goparrnie DLy I NOJIN(EHOIOKCH1A3bI
CLIMBKH Prpatatii m Y TUPO3UHA3BI
TekyHectn npu nedurmure 6opa
: MeMOpaH :
—— 4 N3smenenue N I_' /rIOBBIIHeHI/Ie\I/:Iﬁ
VBenu4yeHue MeMOPaHHOTO 4 Hapymenwne N COJICpIKaHUS Boicokui
CHHTE3a caxapo3bl MOTEHIIAAIA — MeMOpaHHOTO Ko(eitHo ;I;;?,SEB
U3 TIIIOKO3BI CHIDKCHHE TPaHCIIOPTa U3-32 | KHCIOTHI —
AKTUBHOCTH HAKOTUICHUS paspymrenne | TOAABICHHC
AT®-da3s! npu OCP** npu MPOBOASIIEH VK-
@€®HHHTG 60pa/ \ﬂeqmume 60pa/\ Tkaun )\ OKCIIasel

Pucynok 1.1. OcHoOBHbIE 3BeHbs yuacTus Oopa B MeTaboJIM3ME paCTEHUU

(ITammkeBuy u np., 20116).

[Ipumeuanue: [IIM*

nurToIiasMaTu4dccKas

memOpaHna, OCP**

OKHCIIUTENIbHBIE CBOOOIHBIE paaukanbl; MYK*** — yanonunykcycHas Kuciora.
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Kamanumuuecxkass ponv meou 6 memabonusme pacmernuii. B mouse u
TOp(OrpyHTAX KOHLEHTpamusi Meau kosebnercsa ot 10* mo 10° M. To 98 % memu
MOYBbl HAXOJUTCA B KOMIUIEKCE C HHU3KOMOJEKYJISAPHBIMU OpraHUYeCKUMU
coequHeHusiMU. [loka HEW3BECTHO, CYIIECTBYET JIM MHAUBUAYAIbHBIN TpaHCIIOPTED,

066CHC‘-IHB3IOH.[Hﬁ IIOIJIOMCHHUEC MCIU 13 IIOYBHEI.

Menp U 3Kene30 y4acTBYET B TPAHCIOPTE DJIEKTPOHOB MPHU JbIXaHUU U
doTocunTe3e. B  3MEKTPOHHO-TPAHCMOPTHYIO IeMb  (HOTOCHHTE3a BXOIUT
coJieprKalii Meap O0enok cuHero mnpera — croruadud (Cu — 0,2-0,6%). Bosbimas
yactb Mmeau (75 % oOT Bcero coaep:kaHUsi €€ B JHUCThAX) HAXOAUTCA B
XJIOpOIJIacTaXx W BiAMSET Ha OuocuHte3 xjopodusuia. bonee 50% ot storo
KoJM4yecTBa cBsizaHo ¢ IutacroruannHoMm (Cu — 0,2-0,6%) (Ileiise, 1980). Menp
BXOJIUT B COCTaB Takux (hEPMEHTOB KakK MU(EHOIOKCHAA3bl M aCKOPOATOKCHIa3hI
(Cu - 0,26%), KOTOpBIC YYaCTBYIOT B MPUCOCAMHEHUH JICKTPOHA K (eHOIaM WIIN
K BOCCTAHOBJICHHOW acCKOPOMHOBOW KHCIIOTE. ACKOpPOAaTOKCHIa3a COIEPKHUT TIO
KpaiiHeli mepe 4 aromMa MW, KOTOPhIE YYAaCTBYIOT B UYETHIPEXIJICKTPOHHOM
BoccTanoBieHuu O2 1o HoO. AckopbaTokcuaaza HUTO301s1 MOXKET JEUCTBOBATh KaK
TEpMUHATbHAS ~ OKCHJa3a  CaMOCTOSTEIbHO  WJIM B KOMOWHAIMH  C
nomdenonokcuaazoil. TlommdpeHonokcunaza BKIOYEHa B CHHTE3 TaKOTO KOMIUIEKCA
noJiuMepa, Kak JIMTHUH. BbICOKasi peakiMOHHAash COCOOHOCTb MENH, IMOoJie3Has B
PEMOKC-pPEaKIusIX, JeNaeT €€ TOKCHYHOM MJaXe Tph HE OYCHb BBICOKUX
KOHIIeHTpanusax. B ackopbaTokcuaase Melb COeUHEHA C OEJIKOM, MO-BUANMOMY,
yepe3 SH-rpynmel. Kpome Toro, Menp akTUBUPYET HUTPATPEAYKTA3y W MPOTEaskbl,
CJIeI0BATENbHO, YYacCTBYEeT B a30THOM U OelIkoBoM oOMeHe. JlokazaHo Hanuuue
OosplIoro  Karaiutudeckoro 3ddexkra woHa Meau Ha  (QEpMEHTATUBHOE

dochopmmposanne ATD ([1etise, 1960).

Menps pazpyiiaer THOJOBBIE CBSI3W B O€lKax, 4YTO NPUBOAUT K HX
IecTpykrypuzanuu. [loaroMy TpaHCmOpT MOIVIOMIEHHOWM MEAM K  MeCTam
UCMOJIb30BAHUSL WM pPEYTWIN3ALMU, TJIe OHAa OyJeT BKIIOYEHAa B creuuduyeckue

MCAbCOACPKAINC 6CJ'IKI/I, OCYHICCTBJEICTCA B BHJAC KOMILICKCA CO CICHHAIbHBIMU
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[ATOILIA3MATHYECKUMU Oenmkamu- 1marnepoHamu. IllamepoHbl mepeBOIAT
Melb B HEPEAKTHBHYIO (HOPMY M TPH y4aCTUU TPAHCHIOPTHBIX OEIIKOB JTOCTABIISIOT
Melb K MecTam, Ijie Ojaroaaps manepoHam oOecreunuBaeTcsi cOOpka HEOOXOaMMOMn
IPOCTPAHCTBEHHOW CTPYKTYphl (pepMeHTa, BKIOUaromero wmeap (dusuosmorus

pactenuid, 2005).

IIpu octpoM aedunure Menu HaOMIOJACTCS TMPEKIECBPEMEHHOE OMajaHue
JUCTHEB, TOPMO3UTCS POCT. J[OCTYyMHOCTP MEOU CHUXKAETCSl MpPU BHECEHUU

MOBBIIICHHBIX /103 KATMHHBIX U (ochopHBIX yaoOpenuit (Anexuna u ap., 2005).

HenocraTok Menn yacto coBmazaeT ¢ HEIOCTATKOM LIMHKA, a HA TIECUYAHBIX
MOYBaX TaKXe€ C HEJAOCTATKOM MarHus. BHeceHwe BBICOKMX 103 a30THBIX
yIOOpeHW yCWUIMBAET TMOTPEOHOCTh PACTEHWH B MEIW M CIIOCOOCTBYET

06OCTpCHI/IIO CHUMIITOMOB MCI[HOﬁ HCOOCTATOYHOCTH.

Hecmotpst Ha TO, 4TO psAn APYTrMX MAakpo- U MHUKPOJIEMEHTOB OKa3bIBAET
00JIbIIOE BIMSIHHME HA CKOPOCTb OKHCIIUTEIbHO-BOCCTAHOBUTENIBHBIX IPOLIECCOB,
JEHCTBIE MEU B 3TUX PEAKIMSIX SBISETCS CIeUU(PUIECKUM, U OHA HE MOXKET OBITh

3aMEHEHa KaKMM-JIM00 APYTUM 3JI€MEHTOM.

Menp sABASETCS COCTABHOM YACTBIO PsAla BAXKHEHIIMX OKHUCIUTEIIBHBIX
dbepMeHTOB - 1101 EHOJIOKCH/1a3bl, aCKOpOMHATOKCHUIA3bI, JIaKTa3bl,
JeruaporeHassl W Jp. Bce ykazaHHble (EPMEHTHI OCYIIECTBISIOT pPEaKIIUU
OKHUCJICHUSI TIEPEHOCOM DJIEKTPOHOB C CyOCTpaTa K MOJEKYJISIPHOMY KHCIOPOY,

KOTOPBIH SIBJISIETCA aKIIENTOPOM DJIEKTPOHOB.

Menab urpaer Oosbliyio posib B mporeccax (orocunrtesa. [loa BiusHuem
MEIU TIOBBIIAETCA KaK AaKTUBHOCTh NEPOKCUAA3bl, TaK U CHUHTE3 OEIKOB,
yIIeBOJIOB U kupoB. Ilpu ee HemocTaTke pazpylieHHE XJIOpOPHILIa MTPOUCKOIUT
3HAUYUTENBLHO OBICTpEE, YEM MPHU HOPMAIBHOM YPOBHE MUTAHUS PACTEHUN MEJbIO,

HaAOJI0JaeTCs CHIDKEHUE aKTUBHOCTH CHHTETHUYECKUX mporieccoB (Bichop, 1966).
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Kamanumuuecxkas ponv uumnka 6 memaboausme pacmenutl.
dusnonoruyeckas poyib IIMHKAa B pacTteHusx pasHooOpasHa (IleiiBe, 1960;
KaraneimoB, 1965; IllkonbHuk, 1974a). lluHk mmeeT OosbIlloe 3HAYEHHE B
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHBIX MPOIIECCaX, MPOTEKAIIINX B PACTUTEILHOM
OpraHusme, pUYeM, ero y4dacTue XapaxkTepusyeTcs YCUJICHUEM
BOCCTAHOBUTEJIBHBIX MPOIECCOB, YEM 3TOT JIEMEHT OTJIUYAETCS OT MapraHiia u
MM, CIMOCOOCTBYIOIINX YCHUJICHUIO OKHCIHMTEIBHBIX PEaKIuid. ITH TPOIECCHI
JIe)KaT B OCHOBE TaKUX )KM3HEHHO BAXKHBIX SIBJICHUM, KaK (POTOCHHTE3 U JIbIXaHUE

(LlIapomra u ap., 1981).

Y pacreHuii IMHK — KOMIIOHEHT KapOOaHTHpasbl, INEouHON  (pocdarasbl,
QTKOTOJTBICTUIPOreHasbl. JIprxaTenbHblil pepMeHT KapOoanruapasa coaepxut 0,31 —
0,34% uunka. Pearentsl, cBsi3pIBalONINe IMHK, HHAKTUBUPYIOT 3TOT PpepMeHT. [Ipu
3TOM CHI)KAeTCSd WHTCHCHBHOCTh (OTOCHMHTE3a H JbIXaHUSA. Takke IMHK
MOBBIIIAET aKTUBHOCTh TakuX (epMEHTOB Kak (ocdarasa, anpaoiasza, sHOJA3a U
uToxpompenykraza. CienoBarenbHo, HEIOCTATOK ITUHKA BAMSAET Ha (HochOopHBIN

u yrieBofopoausiii oomen (I1IkonpHuk, 19744a).

B wietkax ymcra Zn?" - 3aBucuMblii m3odepMeHT. B cynepokcumemyTaze Zn?t
accompmpoBan ¢ CU¥. B 3TOM aHTMOKCHIAHTHOM W30()epMEHTE MelIb, OYEBHIHO,
NPEJICTARISAET KATATUTUYECKUM, a IMHK — CTPYKTYpHbIA KommoneHT. Cu-Zn-CO/l
JIOKaJIN30BaHa BO BCEX KOMIIOHEHTAX IUTOIUIA3Mbl. DTOT (DEPMEHT 3alluiiacTt
pacTeHHe OT aKTHBHBIX (OPM KHCIOPOJa, B YACTHOCTH, OT CYNEPOKCHIHOTO

panukana — O (Ousmonorus pacrenwii, 2005).

B pacTteHusx 1. BXOJUT TOJBKO B JIBYXBAJICHTHOW (DOpMeE M HE y4acTBYET B
OKHCITUTEIPHO-BOCCTAHOBUTENBHBIX peakiusax. Merabomnueckue (YHKIHH 1.
OCHOBBIBAIOTCSI Ha CIIOCOOHOCTH 3TOTO MeTaia (popMHUpPOBATH TETPAdIPUUECKHE
koMrieKehl ¢ N-, O-, u S-nmurangamu U TakuM 00pa30M UTPATh KIFOYEBYIO POJIH B
(epMEHTATUBHBIX  PEAKIMAX, BBIIOJHIS TIPH OTOM KAaTaJIUTHYECKYI0 U

crpykrypubie ¢yakiuu (Valle, 1990). B depmenTax, rae IUMHK BBIITOJHSIET
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KaTATUTHYECKYIO dbyukiuo  (kapOoaHTUapasa,
KapOOKCHUTIENITHIa3a), 3TOT METaul KOOPAMHHPYETCS YETBHIPhbMS JIUTaHJIaMU

(butronkwuii, 2011).

BBIABIEHO HECKOJIBKO COAEPKAIMUX IMHK  (EPMEHTOB, HWMEIOIINUX
OTHOIIECHWE K TPAHCKPHUIIIUK W YYaCTBYIOIIUX B CHUHTE3€ HYKJIEHMHOBBIX KHCIOT:
PHK- u JIHK-nosmmepasbl, TUCTOHAMALIETa3bl W Jp. B HACTOSIIEE BpEMs HE
BBI3BIBACT COMHEHHUSI HEOOXOIUMOCTh ITMHKA Il MeTabonu3Ma U Moaudukanuu

HYKJICMHOBBIX KHCJIOT B Iutactuiax U mutoxouapusx (Kramer, 2005).

Brigenen kimacc Zn-3aBUCUMBIX O€IKOB, KOTOPbIE BKJIIOUEHBI B PETTUKAIIUIO
JIHK, TpaHcKpuNIMIO W, CIEJOBATEIbHO, B PETYISIMIO JKCIPECCHMU T'e€HOMA.
Bxitouenne 1uHKa B 3T O€NKM  HEOOXOIMMO ISl CBSI3BIBAHHSL  CO
cnenupuueckumu reHamu. OH BCTpamBaeTcs B CTPYKTypy Oenka, oOpasys
TeTpa’ipajibHble KOMIUIEKChl C aMUHOKHUCIOTHBIMH OCTaTKaMM TMOJUIENTHAHON
nenu. TakuM oOpa3oM, MOJUMNENTUIHAS LEeTb (HOPMUPYET METIHU, UIH «IIUHKOBBIC
najblp», cocrosmme u3 11-13 aMUHOKUCIOTHBIX OCTaTkoB. CTpyKTypa THMa
«IIMHKOBBIE TAaJbIbD» MPUCYTCTBYET y MHOTMX (DaKTOPOB TPAHCKPUIILIHUU.
«lluHKOBBIE manbUB» B3aMMOAEUCTBYIOT ¢ nBoWHOW crnupansio JIHK, uro
no3BOJIsieT OEIKOBOM MOJIEKyJle, HeCcyllel JTy CTPYKTypy, Vy3HaBaThb U
CHeU(pUUYECKH  CBA3BIBATBCSA C  ONPEICICHHBIMH  IOCJIEOBATEIbHOCTAMU
HYKJIEOTHJIOB B T€HOME KIJIETKU. Takoe CBA3BIBAaHUE, B CBOIO OYEPEAb, TPUBOJUT K
aKTUBAIIMM WM MHTMOMPOBAHUIO TPAHCKPUIILIMM JaHHOTOo reHa. Kpome sroro,
CTPYKTypa THUIA «IMHKOBBIE MaJlbLbD» MOXET Y4acTBOBATh B OE€JIOK-OEIKOBOM
y3HAaBaHUM, U TMO3TOMY WMIPaeT BaXXKHYIO pOJib B Ipolleccax Mepeaaud CUrHalia

BHYTpPH KJIETKH.

HpI/I HCAOCTATOYHOM KOJIMYCCTBC IIMHKA YMCHBIIACTCA COACPIKAHUC
xnopoq)pmna B JIUCTBAX, a4 IPHU €TI0 BHCCCHUU — YBCIIMYMBACTCA, B PC3YJIbTATC

YEro MOBBINIACTCS UHTEHCUBHOCTH (hoTOoCHHTE3a. ETO mpucyTcTBHE 00HAPYKEHO B
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TaKHUX opraneiiax KICTKH, KaK XJIOpOILIACThI )41 MUTOXOHAPHUHN

(®usmonorus pacrenuii, 2005).

[ToTpeOHOCTH pacTeHHil B IIMHKE 3aBUCUT OT TEMIEpaTypbl BO3AyXa H
nouBbl. [Ipu BbICOKMX Temmeparypax ero TpeOyerca Oonbiie. Takas ke
3aBUCUMOCTH HaOIIOAAETCS U 10 OTHOIICHUIO K CBETY: YE€M BBIIlI€ UHCOJSALHUSA, TEM
Oonple MOTpeOJieHHe 1MHKA, YTO CBS3aHO C HWHTEHCHUBHOCTBIO MPOLECCOB

dboTOCHUHTE3a U TBIXaHMUSI.

[Muak cmocoOCTBYeT MOACPXKAHUIO  KOHIEHTPALUW TOPMOHAIBHBIX
POCTOBBIX BEIIECTB B PACTEHUH — AyKCHUHOB B aKTUBHOM (pOopMe, TaK KaK y4yacTBYET
B UX OMOCHHTE3€, MOITOMY HEAOCTAaTOK LIMHKA BBI3BIBAECT 3aIEPKKy poCTa

pacrenunii (I1laposa ap., 1981).

VYpoBeHb mOTpeOJeHUs IIMHKA pPACTEHHEM 3aBUCHUT OT COAEpIKaHUS
MaKpo3JeMEeHTOB B nouBe. [Ipu BHECEHUH BBICOKHX /103 (GOCPOPHBIX, a30THBIX U
KaJIMMHBIX YIOOpeHUil TMorjouieHne IMHKa Bo3pactaeT. Jlepuuur 1muHKa
BBI3bIBACT HApYUICHHs MpoueccoB (ocHOpHOro MUTAHHS: €ro MOCTYIUICHHUE
YBEJIMYMBAETCS, BO3pAcTaeT COJEpkKaHWE B PACTEHUM MHUHEpaibHOro ¢ocdopa,
HO TIPY 3TOM HapyIIAeTCs YTHIU3ALM U CHIKACTCSA COJEpKAHUE OPTaHUYeCKUX
bocopHBIX COETMHEHUI, YTO CBA3aHO C HApPYyIIEHHWEM YIIEBOJHOTO OOMEHa
(momaBneHne (OTOCHMHTE3a W JBIXaHUS) M3-32 CHIDKCHHS  COJEpKaHU

JbIXaTeNbHBIX (EpPMEHTOB (KapOoaHruapa3bl W IUTOXpompenykTasel) (JIsx,

20006).

nnk yIIy4IlIaeT BOJIHBIN oOMeH pacTeHui, YBEJIIMYUBACT
BOJIOYJIEP>)KUBAIOIIME CWIbI KJIETOK M TKAHEW JINCTAa M TaKUM O00pa3oM CMAr4aer
YCIIOBUSI BOJAHOTO Je(PUIMTA NPU BBICOKHX TEMIIEpaTypax M HEJOCTATKE BJIard, a
TaKXe MOBBIIIAET MOPO30CTOMKOCTh pacTeHUI Oyarojapsi y4acTHIO B OMOCHHTE3E
JKUPOB U BUTAMHMHOB. BBIABICHO, YTO LIMHK NOBBIMIAET YCTOMYMBOCTh PACTEHUN K

napa3uTUIECKUM, TPHOHBIM U OakTepuanbHbIM 3a0oneBanusM (Ileiise, 1980).
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[luHK BXOAMT B COCTaB IMEJIOro psAna GEpMEHTOB, KAaTAIM3UPYIOLIUX
O0enkoBbIE OOMEH B pacTeHHsIX. Kpome TOro, OH MpOYHO U HE3aMEHSIEMO CBSI3aH B
KapOOaHTKa3e, KOTOpasi OKa3bIBAET KaTaJIUTHYECKOE JIEWCTBHE HA XOJI peakluu
H,CO; = CO+H20. mnpu HEOoCTaTke IMHKAa MPOUCXOJUT HAPYIICHUE
OKHCITUTEIPHO-BOCCTAHOBUTEIIFHOTO PABHOBECHS B PACTCHMSIX, HAPYIIAETCS
YIIEBOAHBIM OOMEH, CHM)KAETCSI KOJIMYECTBO MOJHOCTHIO OKHUCIIEMBIX YIJIEBOJIOB
¥ WCTOJB30BaHNE Ha OOpa30BaHME OPTaHWYECKUX KHUCIOT. Kpome TOro IMHK
CBSI3aH C TIPEBPAMICHUSAMH COCIWHCHHM, COIEpKAINUX CYIb(aTTHAPUIHLHYIO
rpynny (SH). ITogoOHOe BiMsSHHE IMHKA HAa OKHCIUTEIbHO-BOCCTAHOBHUTEIbHBIC
MPEBPAIICHHUS] BEIIECTB, MOXXET OOBSICHHUTH CYIIHOCTh JCWUCTBHS IIMHKA Ha
yCHJICHHE 00€33apa’kuBaHUs B PACTCHHUSIX TOKCUHOB, BBIJCISIEMbIX BO30OYAUTEISIMU

HEKOTOphIX 0ose3Her (Murep, 1985).

B mapasuTtu3Me MHOTHX TPHOOB OTPOMHYIO POJIb UTPAIOT BBIACISIEMBIC MU
SIOBUTHIE JJIS PACTEHUWW BEIIeCTBA - TOKCHHBL. KpomMe TOKCHHOB, TPHUOBI
BBIICJISIIOT pa3nuyHOro poaa (epmentsl. [logaBnenue 3a0o0eBaHusl MOXKET OUTH
JOCTHTHYTO HE TOJILKO IyTEM YCHJICHHUS COTPOTHUBIISEMOCTH PACTCHHUU K CaMUM
BO3OyAMTENAIM, HO W IyTeM o0e33apakuBaHusi (MHAKTUBAIIUA) TOKCHMHOB U
MO/TABJICHUSI aKTUBHOCTH (PEPMEHTOB, IPH ITOMOIIM KOTOPBIX BO3OYAUTEIN

TIOJICPIKUBAIOT OOJIE3HETBOPHBIN TIPOIIECC.

HccnenoBanuss mnokasaiv, 4YTO MHMKPOAJIEMEHTbI MOTYT HHAKTHBHUPOBATH
TOKCUHBI TpUOOB, KOTOPBIE 3aJIeP>KUBAIOT IpopacTaHue ceMsH. JlobaBieHue conei
MUKPO3JIEMEHTOB K TOKCMHAM B mponopiuu 1:1 uarubupyer ux neictsue. Tak B
OJHOM W3 ONBITOB, CEMEHa KanmycThl B 4Yamkax Ilerpy mnomemann B
KyJbTYpalIbHYIO CpeAy IOCJe BbIpallliBaHUS Ha HeW rpuba Botrytis cinerea. B
cpeny na00aBisiaM B mpornopuu 1:1 pacTBOphl cojell MHKPO3JEMEHTOB B
KoHUeHTpauu 200 Mr/i, a B KOHTPOJIbHYIO YaIlIKy — BOAY. 3aT€M YCTaHaBJIUBAIN
KOJIMYECTBO MPOPOCHIUX ceMsH. JlaHHble TOKa3aiau, 4YTO Mpu JO0OAaBICHUH K
TOKCHUHY pacTBOPOB COJIEd MHKPOIIJIEMEHTOB KOJUYECTBO ITPOPOCHIMX CEMSH

YBEIMYMIIOCH TI0O CPABHEHHIO C KOHTPOJIEM (J100aBieHue Boibl) B 2 - 4,5 pasa.
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[lokazaHo, uto Ooyiee CWIbHOE HHAKTUBHUPYIOLIEE NENUCTBUE
NPOSIBISICT IMHK, KOTOPBI CHUIIbHEE APYTUX MUKPOAJIEMEHTOB 00€33apakuBacT
TOKCHHBI TpubOa Botrytis cinerea. B pesynbraTe 3TOr0 mpopactaHue CEMsH B
BAPUAHTE C 3TUM MHUKPOXJIEMEHTOM YBEJINYUBAETCS 110 CPABHEHUIO C KOHTPOJIEM B

1,5-2 u naxe 3 pa3za.

JleficTBE MMKpPORJIEMEHTOB Ha CHHXKEHHUE BPEJOHOCHOCTEH OoJie3Hen
pacTeHUid MOXKET OBITh CBSI3aHO C TE€M, YTO OHHM OKAa3bIBAIOT BIMSHHE Ha
XUMHUYECKUI COCTaB BbIAENIAEMbIX rprubamu TOKCMHOB. [lokazano (CapacBaxTa—
Hesu, 1955), uto perynmmpoBanuem cHaOxkeHust rpuba Fusarium vasinfectum
IIUHKOM MO>KHO JTOOMTHCSI PE3KOT0 MOJaBlieHHUs] 00pa3oBaHMsI TpUOOM TOKCHHA —
by3apueBoil KUCIOTHI, BIUIOTH JO IMOJHOTO NMPEKpalleHuss ee 0O0pa3oBaHUs. ITO

IPUBOJIUT K CHIDKEHUIO TApa3sUTHUECKON aKTUBHOCTHU Ipuda.

HccnenoBaHusiMu JOKa3aHO, YTO BPEJOHOCHOCTh HEKOTOPBIX BO30YyIUTENEH
Oosne3Heil OOBSCHSETCS TEM, YTO BBIJACISIEMblE HWMU TOKCHUHBI, IMPOHUKAs B
pacTeHus, O4eHb OBICTPO COEAMHSIOTCA C MOHAMHU TSKEIBIX METamioB. CBs3bIBas
TSDKEIblE METaulbl M yJalssl UX W3 JKMU3HEHHO B&XHBIX OpPraHOB H
(GYHKIMOHAJIBHBIX CUCTEM PACTEHUN, OHU MApaIU3YyIOT AESITENbHOCTh Pa3IMYHBIX
MeTaJuICOAEpKAUX (PEPMEHTOB. DTO MPUBOJIUT K TOMY, YTO PACTEHUS TEPSIOT
CHOCOOHOCTh MOTIJIOIIATh KHUCIOPOJI M YIJIEKHCIIOTY, BCJIEICTBUE 4YEro y HHUX

HaOJTI01aeTCs pacCTPOrCcTBO poTocuHTe3a u Abixanus (['oriman, 1963).

CBsi3pIBaHHE TSHKENIBIX METAJUIOB TOKCMHAMH TPOUCXOJUT C 00pa30OBaHUEM
xenaToB. Takoe CBOMCTBO OOHApY>KEHO y MUKOJIMHOBOW KHUCJIOTHI, BXOJAIICH B
coctaB (y3apueBOil KUCIOTH — TOKCHHA, BBIJCISIEMOTO HEKOTOPBIMH TPUOAMH 13

poaa Fusarium.

IInkonuHOBas KMCI0Ta 0COOEHHO OHCPIrUuvIHO COCAUHACTCA C HAXOANIUMUCA
B KJICTKEC paCTCHI/Iﬁ JKCJIC30M, KOTOPOC ITPH 3TOM MHAKTHBUPYCT €€, HAKAIIJINBACTCS
B OIPCACIICHHBIX MCCTax JINCTbLCB B M30BITOYHBIX KOHOCHTPpAIUAX WU CTAHOBHUTCA

TOKCHUYHBIM, BbI3bIBAsA HCKPO3 TKaHEH.
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Oxkasanocs BO3MOXXHBIM  BBITECHSATBH JKEJIE30 B TOKCHUHE LEJBIM
PAAOM APYTHX METAIIOB, HE MPOSIBISIOIIMX ITPU 3TOM TOKCUYECKOIO IEUCTBUS Ha
TKaHU pacTeHui. OcobeHHO 3¢ (deKTHBHA B 3TOM OTHOLIEHUU Meab. Hacwlenue
TOKCHMHA MOHAMHU Maprasiia, ko0ajabTa, HUKEJIS U APYTUX METAJJIOB BBI3bIBACT WIH
OueHb c1ab0e MOBPEXKICHNUE TKAHEH PAaCTEHUH, WM COBEPIIEHHO HE MOBPEXKIACT

ux (Maienes, 1961).

PacxonoBanne MHMKpPOARJIEMEHTOB HAa WHAKTUBUPOBAHUE TOKCHHOB MOKET
BBI3BATh HEIOCTATOK HX B pacreHusX. Ilosromy peryisipHoe MNOCTYyILIEHUE
MUKPO3JIEMEHTOB B  pacTeHuss OyAeT CHOCOOCTBOBATH MOBBIIIEHUIO —HX

YCTOﬁqHBOCTH K BO?),Z[CﬁCTBPIIO TOKCHHOB.

VY CcTaHOBNIEHO, YTO B MEPHO/ MPOSBIICHUS BHEIIHUX CUMITOMOB HEJOCTAaTKa
[IUHKA, PACTEHUSI UMEIOT BBICOKYIO MOTEHIIHAIBHYIO CIIOCOOHOCTH K cuHTe3y MYK
U3 aMUHOKHUCJIOTHI TpUntodaHa, OAHAKO JHUIIEHBI CIIOCOOHOCTHU €€ pPeaIn30BbIBATh.
B orcyrctBun tpunrodana depmentHas cucrema MYK pesko cHMXaeTr CBOIO
aKTUBHOCTh MJIM BOOOLIE B pacTeHHAX He oOHapyxuBaercs (Dusnonorus
pactenuii, 2005). CnenoBareiabHO, 3aI€PKKH POCTa Y IUHKAS(PUIIUTHBIX PACTCHUS
SBIISICTCS HE HapylIeHHE B CHHTE3€ caMOW (PepMEHTHOH CUCTEMBI, a OTCYTCTBHUE
cyOcTpara, HEOOXOIUMOTO Ui TMPOSIBICHUSA €€ aKTHBHOCTH. Ilpuyem BiusHHE
nuHKa Ha (epMeHTaTuBHYI0 cucremy cunresa WYK wu3 Ttpunrtodana
cneunpuyeckoe, Tak Kak B aHAJIOTUYHBIX YCIOBUSAX OOpHAs HEOCTaTOYHOCTh HE

JAET TaKUX K€ PE3yJIbTaTOB.

Takum oOpa3oM, yTHETEHHE PACTEHUM, BBIPALIEHHBIX B YCIOBUSX [IMHKOBOM
HEJOCTAaTOYHOCTH, B IMEPBYIO Oue€pellb, CBSI3aHO C OciabJeHHEeM MPOIECCOB
OMOCHHTE3a MHIOJBHBIX COCIMHEHUN M HAKOIJIEHUEM HMHTMOUTOPOB pOCTa, YTO
IPUBOJUT K HAPYIIECHUIO MPABUIBLHOTO COOTHOILICHUSI aKTUBATOPHI : HHTUOUTOPHI,
B OOMEHE pEryjsiTopoB poOCTa, B TOM YHCIE€ B yrHeTteHuu aktuBHocth UYK

CUHTE3UpYIoIIehcs PepMEeHTHON CHCTEMOM.
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Perynauust 1MHKOM TMPOLECCOB POCTa OCYIIECTBISETCS KaK HA YPOBHE
yIpaBiICHUS] aKTUBHOCTHIO (DEPMEHTOB, KaTAIM3UPYIOIIUX PEAKIUI0 OMOCHHTE3a
MHJIOJIbHBIX ayKCHMHOB, TaK M Ha ypoBHE TpaHcnupauuu. [Ipuyem 310 BTOpas
perynsiTopHast GyHKIHS IMHKA TpsiMasi; OHA HE OMOCPEI0BAHA Yepe3 CBA3b MEXKIY
00OMEHOM pEryJsITOPOB POCTa U HYKJICHMHOBBIX KHCIIOT, @ BBITEKAET U3 IMPSIMOTO

y4acTHs IMHKA B METa00JIM3Me HYKJIEMHOBBIX KUCIOT (OxpuMeHko, 1986).

Canuyunosas kucinoma. B oOMeHE BEIIECTB M XHMHYECKOM COCTaBE
pacTeHus HEMAJIOBAKHYIO POJIb, IOMUMO HEOPTaHUYECKUX COCIUHEHHUH, UTPAIOT
pa3zHOOOpa3HbIe OPTAHUYECKUE KUCIOThHI — KUCIOThI IUKINYECKOTrOo psia. TOIbKO B
50-60x rogax 20-ro Beka HavyajgoCh U3yYCHUE POJIU JIAHHBIX KHUCIOT B KU3HEHHOM
nukie pacteHuid. Hanbomnee u3ydeHHbIMU ceiuac SIBISIOTCS T€ apOMaTUYeCKue U

IMUKJIOTCKCAHOBBIC KUCJIOTBI, KOTOPBIC HIMPOKO PACTIPOCTPAHCHBI B PACTCHUAX.

CanunuioBast kuciaora (OKCHOEH30MHas) — MNPUHAIICKUT K apOMATHUYECKUM

OPraHu4YCcCKUM KHCJIOTaM U B PACTCHUAX BCTPCUACTCA B BUAC I''TMKO3X 4.

T'opmonanvras npupooa canuyunogoti kuciomol. Eciu cUTHAI, TOJTYyYSHHBIN
KJIETKAMH, XUMHUYECKOM TMPUPOJLI, TO TOJOOHBIE «IIPUEMHHKH» HAa3bIBAIOT
MEePBUYHBIMU MeECCEHKepamMu. MEHHO cpeau MNEpPBUYHBIX MECCEHIKApOB U

BBIJICJISIIOT TOPMOHBI pacteHuil (Ouznonorus pactenui, 2005).

TpamuuuoHHO K TOpMOHAaM OTHOCAT TaKHE BEIIECTBA Kak: ayKCHHBI,
rub0epenHbl (BBI3BIBAIOT POCT CTEOJICH 3a CUET PACTATUBAHUA KJIETOK), ITHJICH.
Yacto K HUM J00aBISIOT CATWIUJIOBYH) KHCIOTY M JPYTHE OpPraHWYECKUE
KHCIIOTBI, HO OHHM HE TIOJIHOCTHIO OTBEYAIOT BCEM CBOWMCTBAM, CAJMIUAIIOBAsS
KHCIIOTa HE OTBEUaeT TMOCJIEeTHEMY YCIOBHIO — JEHCTByMOINas /s Hee

xoHueHTpanus 6ompire 10 mons/n (Kysuenos, Jmutpuesa, 2005).

Korna pacrenue moasepraercss MH(GEKIMU B OJHOM MECTE, OUYCHb 4YacTO
MPOUCXOIUT (HOPMHUPOBAHHE YCTOMUMBOCTH K IMOCJEAYIOIIEMY IOIAIaHUIO0 €€ BO
BCC TKAaHM W OpraHbl OpraHu3Ma. JTO SBIEHHWE OBLJIO HA3BaHO CHUCTEMHBIM

NpUOOPETEHHBIM WMMYHUTETOM. BakHas pojb B MMMYHHU3AIMU MPUHAIJICKUAT
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CHEIUAJIbHBIM JHIOT€HHBIM CHUTHajaM, oOOpa3ylolluMcs NpU 3apaKEHUU U
CIOCOOHBIM  BBI3bIBaTh ~MMMYHHUTET JPYTHX  y4YacTKOB  pacTeHHs, HeE
KOHTAKTUPYIOLIUX C MATOT€HOM. Y CTaHOBJIEHO, YTO B PEryJIMPOBAHUU CUCTEMHOU
YCTOMYMBOCTU OOJIBIIOE 3HAYEHHE MMEIOT (UTOTOPMOHBI, B YAaCTHOCTH,

canmuuuiioBas kucinota (Measenes, 2004).

B 1979 roay White cooOups1 0 ToM, 4TO ONPBICKMBAHUE MOCEBOB Tabaka
CAMITMIIOBOM KHUCIIOTOM MPHUBEIO K YAaCTUYHOMY OTBETYy Ha BHUPYC TabayHOU
mo3auku - TMV (Tobacco mosaic virus). Canununar BbI3Bajl 00Opa3oBaHUE Kak
KHCIIOTHOTO TOPMOHA, Tak U PR-1 reHa, mocie maToreHHOTO 3apakeHusl Tabaka,
orypua u Apabunomncuca (Arabidopsis Thaliana - Bux cemetictBa Brassicaceae,
POJICTBEHHUK TOPYUIIBI M KAIyCThl), OJHAKO B OTIIMYHE OT HUX SIBJISICTCS COPHBIM
pactenueM. braromaps cBOUM OCOOCHHOCTSM SIBISIETCS YIAOOHBIM OOBEKTOM
UCCIICIOBAaHW, HAa €ro TpuMepe OBLIO OTMEUEHO 3HAYUTEIHHOE YBEITHUYCHHE
COZIepKaHUSl CamuIWIaTa. OKCIIEPUMEHTAILHO Oblla TOKa3aHa Ba)KHAs pPOJIb

CAMITIIIOBOM KUCIIOTHI B 0OpasoBanuu PR-1 6enka.

JI71s1 mosydeHus IPUBUTOTO MOCAI0YHOTO MaTepuajia BUHOTPa/la KaTeropuu
BBICIIIET0 KauecTBa (Kjgacc A) HEOOXOAMMO O370pPOBJICHHUE MOJABOMHBIX cOpTOB. C
ATOM LIENbIO TIPU 03I0POBJICHUH MOJIBOEB UCCIIECOBAHO MPUMEHEHNE CATMITUIOBOM
kuciotTel. Canunuiiosas kuciiota (CK), KOTOpyto HEKOTOPbIE aBTOPbI OTHOCST K
HOBOMY KJ1accy (DUTOTOPMOHOB, CIIOCOOHA MHAYIIMPOBATh Y PAaCTCHUMN I[BETCHHUE U
TEPMOTHHE3, a TAK)KE UTPaTh POJb CUTHAIBLHON MOJEKYJbl IPU MATOreHe3axX, YTo
JieJIaeT NePCIEKTUBHBIM Hcnoib3oBaHue CK Ha 3epHOBBIX KyJIbTypaxX B IMEPUO/IBI,
KOrJa BEpPOSITHOCTh WH(MUIIMPOBAHHUS MAaTOreHaMHM BBICOKA. Tak ke OoTMedaroT
anTuokcuaanTHeie cBoricTBa CK u €€ crocoOHOCTh MOJACPKUBATH 1IETOCTHOCTh
MeMOpaHHBIX CTPYKTYpP KJIETOK IpPH BO3ACHCTBHM CTPECCOBBIX (hakTOpOB. bbLIO
0OHAPY>KEHO YMEHBIICHHE MPOHUIIAEMOCTH MeMOpaH mnoja BiusHuem 100 MxM
CK, d4r0o COmpoBOXIAlOCh IMOBBIIIEHUEM MOPO30yCTOMYMBOCTU IMPOPOCTKOB
o3uMoi nmeHuusl Ha 30 % (BonoBHuk u ap., 2001). B pe3ynbrare uccnenoBanui

ObLI0 TOKazaHo, 4to 3k3oreHHass CK, mpoHuKkas B KJIETKH, aKTUBHPYET BECh
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KOMILJIEKC TPOTEMHA3HO-UHTMOMTOPHOM CHUCTEMBI  PACTEHHM, YTO  MOXKET
CIIOCOOCTBOBATh YCHJICHUIO aJaNTAallMOHHOTO OTBETa Ha HEOJIArompusTHHIC
(bakTophl BHELIHEW Cpellbl, TO €CTh MOXKET ObITh MCIOJb30BaHA MPHU pa3pabOTKe
HKOJIOTUYECKU 0e30macHbIX croco0oB MOBBIIICHHUS MMMYHUTETA
cenbCcKoxo3siiicTBeHHbIX pactenuil (CocHoBckas, 2001). B To e Bpems, B
M3BECTHOM HaM HAy4yHOM JUTEpaType AaHHbIE 00 HCIOJIb30BAHUU CATUIUIIOBOU
KHCIIOTHI in Vitro HemHOorouucieHHbl. K HuUM MoxHO oTHecTtu pabotei M.T.
Vnansimesa u A.Jl. [Terposoii (IletpoBa, Ynaaemmues, 2000), KoTopsie B mpoliecce
XEMOTEpaINUU BBISIBUIM HAUOOJIBIIYI0 AaHTUBUPYCHYIO aKTUBHOCTH CaJUIUIOBOU

KHMCJIOTBl B OTHOLIEHUM BUPYCOB DPAa3JIMYHOM INPUPOABI Y STOAHBIX M IUIOJOBBIX

KYJbTYP.

Brusnue canuyunogoii Kucioml Ha Kamaniasuyro akmueHOCmMy. IK30T€HHAS
CK cnoco6Ha noBbIIIaTh AKTUBHOCTH (DEPMEHTOB KJIETOUHON CTEHKH, MPUYACTHBIX
K 00pa3oBaHUIO CYNEPOKCUHOIO pajukana (mepokcujasza, OKcallaTOKCuaasa), u
OJIHOTO U3 OCHOBHBIX reHepatopoB O..— HAJI®H-okcumassl miazManeMMbl, 4TO
OPUBOJAUT K YBEIHWYEHHUIO KOJUYECTBA CYNEPOKCHUJIHBIX aHHUOH-PAJIUKAJIOB.
CnontanHo 0o mnoxa jneWictBueM cymnepokcuaaucmytasbl (COJl) cynmepokcun
npeBpaiaercss B Oojsiee cTaOWIbHYIO akTHBHYIO (opmy kuciopona (ADK) —
nepokcua Bojgopoza. [Iponukast B kietku, sx3oreHHas CK unruOupyer karanasy,
yTto cnocoOctByer HakoreHuto H>O,. Kpome toro, CK omocpenoBaHHO, C
ydyacTueMm Kanblivs, aktuBupyer cuHTe3 COJl, uYro Takke MNPUBOAUT K
YBEJIIMYEHUIO KOJMYECTBA Mepokcuaa Bogopoaa. C ydacTueM 3TOro COeTUHEHHs U,
BO3MOXHO, Jpyrux A®K npoucxonut OTKpbhIBaHME KaJbIMEBBIX KaHAJIOB U
YBEJIMYEHHE KOHLEHTpPAlMM LMTO30JHOTO Kaublus. B cBowo  ouepenb,
AKTUBHPYIOTCS  KaJbIMi  (KAJIbMOJYJIMH)-3aBUCUMbIC MPOTCHMHKWHA3BI, YTO
OPUBOJUT K U3MEHEHHMIO COCTOSIHUSI (PaKTOPOB PETYJISIIIUM TPAHCKPHUIILUU T€HOB,
KOHTPOJMPYIOIIUX onpeAeneHHbie 3anmTHeie peakinuu (Conpatenkos, 1971;

OcHOBBI OMOTEXHOJIOTHH..., 2002).
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CanuuuioBasi KHCIOTa BbI3bIBaeT CHHTE3 purtoasiekcuHoB (DAJI), u Tem
camMbIM YCHJIUBA€T COOCTBEHHBIN OnocuHTe3. Kpome Toro, canuuuioBas KUCIOTa
MOKET CBS3BIBATHCS C HEKOTOpbIMH Fe-comepkaimumu Oenkamu (Hampumep, ¢
karanazoi). [lpm B3aUMOACHCTBUM C CAJIMIMIATOM aKTUBHOCTh KaTalla3bl
CHIDKAETCS, KOHIEHTpAlUsi MEpPeKUCH BOAOPOAA M JPYTUX AaKTHBHBIX (opM
kuciopoaa pacrer. K aromy xe 3pdekry npuBoauT B3aUMOJEHCTBUE CaTMIIMIIATa
¢ ackopOaTtokcuna3oi. [loBblllleHrEe KOHLIEHTpAMU aKTHUBHBIX (POPM KHCIOpOJa
CTUMYJIMPYET 00pa30oBaHHe HOBBIX MOPIUI CATUIUIOBON KUCIOTHI, YTO MPUBOJUT
K ycusieHuto s dekra. B kpaitHeM BbIpakeHUH 00paboTKa CaTUIIUIOBOM KUCIOTON
MOJKET BbI3BaTh 'MOEb KJIETOK - 3aIyCKAaeTCA PeaklUu CBEPXUYBCTBUTEIHLHOCTH.
Peakiusi cBepX4yBCTBUTEIBHOCTH BO3HUKAIOT B OTBET HAa BHEIPEHHE MATOrEHA.
CyTh 3TOH peakIiy 3akKIo4aeTcsi B OBICTPOM OTMHPAHUU KIETOK YCTOWMYHMBOTO
pacTeHus B MecTax BHelpeHusi Bo3Oyautens. Haubonee sipko mposBisercs mpu
3apaK€HUU PACTEHU OOJUTaTHBIMM Mapa3uTaMH, KOTOpBIE XapaKTEePU3YHOTCS
OUOTPOGHBIM TUIIOM MUTAHUS, HAIPUMEP PKABUYMHHBIMU U MYYHUCTOPOCSHBIMU
rpubamu, BUpycaMu, MUKOIUIa3MaMH. BHeltHe peakius cBepX4yBCTBUTEIbHOCTU
BBIPQXACTCSI B TMOSBICHUM HA JHUCTHSIX HEOOJBIIMX XJIOPOTUYHBIX, a 3aTeM
HEKPOTUYECKUX  NATEH (TaKk  Ha3blBa€MbIX  3alIUTHBIX  HEKpPO30B). Y
BBICOKOYCTOHYHMBBIX PACTEHUN 00pa3ylOTCs MENKHE, TOUCUHBIE HEKPO3bl, KOTOPHIC
IPAKTUUYECKU HE BIMSIOT Ha padOTy acCHUMWISILIMOHHOTO ammaparta. Peakuus
CBEPXUYYBCTBUTEIBLHOCTH - HaubOoOJee XapakTepHOE MPOSBICHHE BEPTUKAJIbLHOU

ycroiunBoctu (Komynaes, Kapner, 2009).

Takum oOpaszom, canuiuiaTr, B OTJIMYKME OT JAPYTUX TOPMOHOB, HE TOJBKO
peryJupyeT MpOIECcChl Yepe3 COOTBETCTBYIOIIUME PELENTOPHBIE CHUCTEMbI, HO U
HEIMOCPEJICTBEHHO YYacTBYET B PETYISAIMU paboThl psiga (EepMEHTOB, T.€. A
pa3BuTUs (HU3UOJIOTHYECKOTO OTBETAa HEOOXoauMa 0o0Jiee BhICOKAs KOHIIEHTPAIIUsI
cammuunara (go 102 - 10° wmomw/n). Takue BBICOKME KOHIEHTPALUH HE

XapakTEepHBbl I «TUIMYHBIX» TOPMOHOB, IIO3TOMY 4acCTO JUCKYTHPYIOT O TOM,
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CTOUT JIN CAJIMOIUIIOBYHO KHCJIOTY BKIKOYaTb B CIIMCOK PaCTUTCIbHBIX

ropmoHoB (/Ipsixos, 2010).

1.2. MukpoMuuieTHble 00J1e3HM P03, NMPUPOAHLIE (PaKTOPbBI M PoOJIb
OMOreHHBIX 3JIEMEHTOB M OHONPENApPAaTOB B TMOBBIIICHUM YCTONYNBOCTH

pacTeHuil K MH(PEeKIMOHHBIM 3200/1eBAHUAM

AHanu3 JuTepaTyphl MOKa3aj, 4TO K MHUKPOMHIETHBIM HHQEKIUSIM pPO3

OTHOCSTCH.

1. Jloscnaa myunucmas poca po3vi, KOTOpas NPOSBISAETCS CPaBHUTEIBHO
PEAKO TO CpPaBHEHUIO C APYrMMHU 3a0osneBaHUsAMH. IlepBble CHMITOMBI JIETKO
CIlyTaTh C CHUMIITOMAMM MYYHMCTOM pocbl. Ha camplX MOJOABIX JIMCTOYKaX
HOSIBJIIFOTCSI MEJIKME KpacHbIE MATHBIIIKY, NPUBOASIIKE K AedopMmanun aucta. Ha
BEPXHEN CTOPOHE CTapbIX JINCTHEB Pa3BUBAIOTCS HENPABUIIbHBIE WIM OKPYIJIbIC
XJIOPOTHYECKHE, >KENTO-cepble, a mo3aHee Oypble msATHA. C HIDKHEH CTOPOHBI
nsATEH 00pasyeTcs rpsi3Ho-0enblil criopooOpa3yromuii Haiet rpuda. [Ipu Beicoko
CTEIIEHU ITOPaXEHUs JIOKHAsT MYYHHUCTas pPOCA BBI3BIBAET OXEI JIUCTHEB, C
HNOCJHEAYIOIMIUM JTMCTONAA0M, KOTOPBIM IPOSIBIAETCS NAaK€ NPU CaMOM HEKHOM
IPUKOCHOBEHUHU K CJ1a00 MOpakeHHbIM JHUCThsIM. Ha nBeroHocax u moderax
o0pa3yloTcsi BIABJICHHbIE TMSITHA, TMOKPBITBIE CBETIBIM CIOPOOOPA3YIOMIUM
HajeToM rpuba. Bo3Oyaurenem sToro 3adoseBanus siBisieTcss rpud Peronospora
sparsa. MHTeHcMBHOE pa3BUTHE OOJE3HW OTMEYACTCS MPU TEIUION M BIIAXKHOU
IIOTOJI€ C MPOJOJKUTEIIBHOW 3aIepKKOU Karleslb BOABI HA JIMCThAX. [loaTomMy 31O
3a00JIeBaHNE IIMPOKO PpACHPOCTPAHEHO BECHOM W OCEHBbIO, a TaKXke IpHU
BBIPAILIMBAHUH PO3 B 3aKPBITOM I'PYHTE;

2. Powcasuuna po3vi, OueHb BpPENOHOCHOE 3a00JIEBAaHUE, DPA3BUBAOLLEECS
KaXKABIA Troj, ocialJsiollee pacTeHUs M yMEHbBIIAIOLIEE YpoXkail IBETKOB.
[lpu3naku Oosie3HH HAOMIOAAIOTCS HAa BCEX HAA3€MHBIX OpraHax pacTeHH.
ITepBble cUMIITOMBI MPOSBIIAIOTCS HA MOJOJBIX MOOerax, yepemkax 1 OyToHax B
BUJIE OPAH)KEBO-KPACHBIX MATEH C MHOXXECTBOM YEPHBIX OOPOIaBOYEK, U3 KOTOPHIX

BBIACIIAIOTCA KaIlCJIbKM XHIAKOCTH. HOBI[HCG 9TU IIAATHA pa3spacCTaroTCsa, U Ha HHUX



56

o0pa3yroTcsi KpYIHbIE, KOHIIEHTPUYHO PAaCIOJIOKEHHbIE OpaHXKEBO-KpacHbIe
MOMYIICYKH, TWPEICTABIAIONINE COO00M OTHENbHYI0 CTaauio OO0JIe3HU, TaK
Ha3bIBaEMYIO 11esioMy. Pa3pacrasich, MOBpEKIE€HHUS BBI3BIBAIOT 00pa30BaHUE 53B Ha
mramM0ax, KOTOpbI€ BBICHIXAIOT WJIM CHJIBHO UcTOmalTcs. OT OKOHYaHUA
IIBETCHUSI O OCCHU HAa HWKHEH CTOPOHE JINCTHEB 00pa3yIOTCs MHOTOUYHUCIICHHBIC
NOAYUICUYKH PXKABO-KPACHBIX JIETHUX ypeauocnop. C BepxHEl CTOPOHBI JUCThA
MOKPBIBAIOTCA XJIOPDOTUYECKUMH IKEITOBATHIMUA TISITHAMU. OJTH TIOBPEKICHUS
BBI3BIBAIOT MAacCOBOE OTA/IaHKE JIUCTHEB, C TIOCISAYIONINM 00pa30BaHUEM HOBBIX.
DTO NPUBOJIUT K HUCTOUICHUIO PACTEHHM, YJIMHEHHUIO BETeTAllMOHHOIO IMEpPHOJa,
4acTO K BBIMEP3aHMIO pacTeHHil 3umoi. Bo3Oynurens sToro 3aboneBanust — rpud
Phragmidium mucronatum. Ilaroren mMeeTr OJHOIO XO3SIMHA, €ro >KU3HCHHBIH
ITUKJT TIPOXOJIUT Ha PO3E;

3. Yepnas namuucmocms Jaucmves po3vl. B 1mocinenHue Troapl, U3-3a
HEcOOJII0/IeHNUsT (PUTOCAHUTAPHBIX MEPOINPHUSATUNA B PO30BBIX HACAKICHUSX ATO
3aboseBaHue BeTpedaeTcs Bce yarnie. B Havanme 3a001eBaHus ¢ BEpXHEH CTOPOHBI
JUCTBEB, PeXEe Ha MOOEerax MOSBISIOTCS KPYIHBIE, OKPYIJIbIE, CHaydajga KpacHO-
MypITypOBBIC, 3aT€M TEMHO-OypbIE€ WM YEpHBIC MATHA C JYYUCTOW CTPYKTYPOH.
[Tozmnee ©Ha maTHaX (OPMHUPYIOTCS MHOTOYHUCIICHHBIC IUIOJOBBIE — TeJa,
KOHIICHTPUYECKH PACITOTIOKEHHBIC IO KYyTUKYJI0W. OKOJI0 MATEH TKaHb pacTCHUN
HAYMHAET JKEITETh, 3aTeM JIUCThs omanaroT. OO0bYHO HabMI0MaeTCsa MPOOyKICHHUE
MHOTOYHMCJICHHBIX CIIAIIMX TIOYEK, YTO WCTOIAeT pacTeHHue U JieNlaeT WX
YYBCTBUTEIBHBIMM K HHU3KHM TeMIlepaTypaM. Bos3OyaureneMm 3Toro 3abojeBaHuUs
siusiercss rpub Diplocarpon rosae. DToT poa  MUIECHEBBIX TIPUOOB  —
CTaOOBBIPAKCHHBI  TMapa3WT, KOTOPBIA  IMOBpEXAacT  (PU3HOJOTHUCCKU
OCJIa0JICHHBIC PACTCHHS BCIICJICTBHE TIJIOXOM arpOTEXHUKH WJIM HEOJarompHusTHBIX
METEOPOJIOTMYECKUX YCIOBUH;

4, Ilamuucmocmo  cmebneii posvi. 3abojeBaHUE TMPOSBISIETCS Ha cJ1abo
Pa3BUBAOIINXCS KYCTaxX WJIM Ha OTMEPIINUX TKAHAX PACTCHH, OTKyAa MPOHUKAET B
3nopoBbie. CHUIIBHOE pa3BUTHE 3TON OO0JIE3HUW CBUICTEIHCTBYET O JIOMYIIEHHBIX

OIIMOKax B ArpOTCXHUKC BhIpalllUBAHUA PO3BI. HpI/I 9TOM 3a00JICBAaHUU HA JIUCTBIX
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00pa3yroTcsi MEJIKHE CBETJIO-KENThIe UM KpPAaCHOBAThle IMATHA, KOTOpPHIE HE
ABIIAIOTCS XapaKTEpPHBIMH MpHU3HaKaMu JToro 3aboneBanus. Ha crebmsax
NOSIBIIAKOTCA  AJUIMIICOMNANIBHBIE, PAa3pacTalOIIMECs TEMHOOKPAILIEHHbIE IISITHA
(Gb1OoJIeTOBOrO OTTEHKA, MHOTJA CO CBETIBIM LIEHTPOM. OHM MOTYT KOJBILEBHIHO
OXBaThIBaTh CTEOENb, BBI3bIBAs €ro ycbixaHue. BciiencTBue HepaBHOMEPHOTO
pocTa U pa3BUTUSA PACTEHUI Ha CJIEAYIOLIMUA TOJ Ha CTeOJsIX 00pa3yloTcs S3BBI.
[IaTHa wWCHEWpPEeHbl MEIKUMH YEPHBIMA TOYKAMHM, 4YacTO PACHOJIOKEHHBIMU
KOHIICHTPUYECKUMHU Kpyramu. BosOynurenem mnaTHUCTOCTH CTeOnel  po3bl
SBJIAIOTCSL  HECKOJIbKO  OINHCAHHBIX TPUOOB, U3 KOTOPBIX  HauOOJbIlIEe
pacnpoctpaneHue umerot Leptosphaeria coniothyrium u Cryptosporella umbrina.
Oc00eHHO YyBCTBUTENBHBI K 3TOMY 3a00J€BAaHUIO CTapble KYCThl U HACAXKICHUSA,
BBIPAILIMBAEMbBIE TTPU HU3KOUM arpOTEXHUKE;

S. Myunucmas poca po3bl pacIIpoOCTPaHEHA IIOBCEMECTHO KaK B OTKPBITOM, TaK
Y B 3alMIIECHHOM TpyHTe. OHa YyMEHBIIAET JEKOPATUBHBIE KAYECTBA U MCTOILIAET
pacTeHusl, IOHMWXKasi UX aJaNTallMOHHYIO CIIOCOOHOCTh K HHU3KUM TEeMIIepaTypam.
Brenane npuzHaku 00JIe3HU TPOSIBISIOTCS HA BCEX HAA3EMHBIX YaCTSIX PaCTCHUN
— JIUCTBAX, Mo0erax, OyTOHAxX, BETKaxX, a MHOTJAAa U Ha munax. Ha mopaskeHHbIX
YacTSAX pACTEHUs pa3BUBAETCsA OCNbI TAyTHMHHUCTBHIA HaJeT rpuda, KOTOPHIU
MOCTENEHHO YIUIOTHSAETCS M MPUOOpETaeT MYYHUCTBIM BUJI C CEPHIM WJIM OypbIM
OTTEHKOM. Y COPTOB C IJIOTHBIMU KOKUCTBHIMU JIUCTHSIMHU TOSBIISTFOTCSI HEOOJIBINNE
MO3aW4yHbIE KpPAaCHOBAThble MSATHA WA KOJEeYKu. [lopakeHHbIE  JIUCThA
nedopMHUpYIOTCS, 3achiXxaloT U onagaroT. llopakeHHble MOOEru HCKPUBISIOTCS.
CuiabHO TOpaKeHHbIE KYCThl TEPEeCcTaloT pacTd M pa3BuBaThcs. OCOOEHHO
YyBCTBUTEJIbHBI K MYYHHCTOH POCE COpPTa C HEKHBIMU JIUCThSIMH — YaillHbIE U
YaiiHOTHOpUIHBIE po3bl. Bo3Oyautenem Ooine3nu siBisiercss rpud Sphaerotheca
pannosa. MyuHnucrast poca po3bl CUIIBHO IIPOSIBISIETCS ITPU UHTEHCUBHOM a30THOM
yIOOpeHUH, MpU HEJOCTATKE KaJblUsg B TMOYBE, MPU YMEHBIIEHHOM TYyprope
pacTeHUH BCJIEACTBUE HEIOCTATOYHOM BJIAXHOCTH TOYBbI M Bo3ayxa. B

3alIUIICHHOM TI'PYHTC 3a00J1€BaHUE CHUJIBLHO pa3BHUBACTCA IIPH HCAOCTATOYHOM
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OCBEIICHUM, IUIOXOM BEHTUJSIUMU M PE3KUX KoJebaHUH  Temmeparyphl,
KOTOPbIE YMEHBIIAIOT 3alIUTHYIO CTIOCOOHOCTh PACTEHUH;

6. Cepas enunb po3vl — NIAPOKO PACIPOCTPAHEHHOE 3a00JIeBaHUE, OCOOEHHO B
3aKpBITOM TPYHTE WM BO BpEeMsl BJIaXHOTO Nepuoja. BHelHue npu3Haku 00J1e3HU
IPOSIBIISIIOTCA Ha OYTOHAX M I[BETKAX M OYEHb PEAKO Ha CTEOJNAX, JIUCThAX U
mwiogax. Ha nmopaxeHHBIX TKaHSIX pa3BUBaeTca Oypasi MATHUCTOCTh. Bo BiaxkHyIo
MOTO/ly TSITHA TMOKPBIBAIOTCS IJIOTHBIM CEPhIM HAJETOM Tpuba M CTHUBAIOT, B
YCIOBUSIX HU3KOW BIIAXKHOCTH — BBICHIXalOT. [loBpekaeHHbIE 3elieHble MoOeru
MOTYT JIOMaTbCA U 3aChbiXaTh. ByTOHBI HE paCKPBIBAIOTCS WM U3 HUX 00pa3yroTcs
nedopMupoBaHHble LBETKH. Ha nemecTkax pa3BUBAIOTCS MEJKHUE Oypble IMsITHA
WM SI3BOYKH, @ TIPU  BBICOKOW CTENEHU IMOPAXEHUSI BECh IIBETOK IOBPEKJICH.
JIUCThsL KENTEIT W OmajgalT 0e3 APYruX BUAMMBIX CHUMITOMOB. 3a0oJieBaHHE
OUYEHb OIMACHO HA YKOPEHSIOUIMXCS YEepPEeHKaX U MPUBUTHIX po3ax. Bo3Oyaurens —
Botrytis cinerea. Ilpu BbIpaliMBaHMKM PO3BI B 3aKPHITOM TPYHTE 3a00JICBaHHE
pa3BUBAETCS BECHOM U OCEHBIO;

7. Tpaxeomukosnoe yeéadanue po3vli. B mocieqnue rofasl 3TO 3a00JeBaHUE
aKTUBHO DPa3BHBAETCS B 3aKpbITOM TpyHTe. Bepxymiku mnoOeroB mNopaXKeHHBIX
pacTeHWW YBSNAIOT W TIOHHMKAIOT, JIMCThA JKENTCIOT W omanaior. [loGerw,
pa3BUBLIKECS MO3XKeE, OyperoT U 3ackixatoT. [Ipu nmonepeunom cpese cTediis BUTHO
IIOTEMHEHHUE MPOBOASIICA CHUCTEMBI. lIpM TIOBBIIEHHOM BJIAXXHOCTH Ha
MMOPAYKCHHBIX TKAHSAX PACTCHUU PA3BUBACTCS CEPBIM WM CBETIO-PO30BBIA HAJIET
rpuba. OOBIYHO MOJIO/IbIE PACTEHUS NOTH0al0OT B TE€UEHHUE Tofa, cTapble — 2-3 JeT.
Bo3Oynurtenem TpaxeoOMHMKO3HOTO YBSIIAHUS PO3bI SBISETCS HECKOJIBKO BHUIOB
MOYBOOOHUTAIOUIMX TPUOOB, U3 KOTOPHIX HAMOOJbIIEE PACHPOCTPAaHEHUE HMEIOT
Bubl — Fusarium oxysporum u Verticillum dahliae (Cranuesa, Pocues, 2005);

8.  Ilecmanoyus obyenennas. Bo3oynurens 0ose3nn — rpu6d Pestalotia adusta.
3aboneBaHue TPOSABISIETCS MEPBOHAYAIBHO KaK MATHUCTOCTH JIMCTHEB, KOTJa IO
Kpar JUMCTOBOM TIJIACTUHKM TOSBISIOTCS KpYIMHBIE Oypble MSITHA C YEPHBIM
HAJIETOM, COJEpKalluM CHOpbl 3TOro rpuba. JlucTes OBICTPO 3achIXalOT U

onaaarT. Ho 3aTtem O0JIe3Hb paclpOCTpaHSAETCS] HA BEPXHUE MOJIOJBIC MOOETH,
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BBI3bIBAsl WX HCKPUBJICHHE, MOOypeHHWE, YIUIONICHHE, a 3aTeM U YyCHIXaHHE.
Cnengyer momuepKHYTh, 4TO 3a00J€BaHWE HAYMHAETCS BO MHOTHUX CIIydasiX, C
OTMHUpaHUs CTeOJIsI B 00JaCTH MPUBUBKU y MPHUBHUTHIX po3. YiiepOd OT 00Jie3HU
OrpOMEH: MOTYT MOrHMOHYTh Bce Haa3eMmHble dactu pactenus (Tpesaiic, 1998;
Po3sl B Temuiax, 2003).

Opna n3 HamboJiee BaXKHBIX MPOOJEM, BO3HUKAIONIAS MPHU BBIPAIIUBAHUN
JNEKOpPaTUBHBIX pPACTeHW, B TOM 4HCIE pPO3, B 3allUIICHHOM TpPYyHTE —
opraHu3anus WX COAJTaHCHPOBAHHOTO MHHEPAJLHOTO MHUTAHUSA JUIsi OOpPHOBI C
¢uTomarorenamMmu. BHecenue ymoOpeHW TON JEKOpAaTUBHBIE KYyIbTyphl B
3aIUIEHHOM TPYHTE CYIIECTBEHHO OTIMYACTCS OT WX KYJIbTHBUPOBAHHS Ha
OTKPBITBIX TIOYBEHHBIX yYacTKaX, B TOM YHCJIE TEM, YTO B KOHTPOJIUPYEMBIX
YCIIOBHUSIX ~TEIUIMYHOTO XO3SAWCTBA MHOTHE TMPOIECCHI JKH3HEACATEIHHOCTH

pacTeHuil MOKHO peryinpoBath (JIaBpunenko, 2000).

OnTuManbHbIM YPOBHEM COJEpP’KaHUS MUTATEIbHBIX 3JIEMEHTOB B TPYHTE
CUMTAIOT TaKoe, KOTOpoe oOecrneyuBaeT TMOJy4YeHHEe B JaHHBIX YCJIOBHSIX
HauOOJIbIIEH YPOXKAWHOCTH BBIPAIIMBAEMBIX KYJbTYp C XOpOIIMM KaueCTBOM
OPOAYKIMM, a TaKkKe HKOHOMHOE pacxojoBaHHe ynoOpeHuil. OnTuMaibHbIE
YPOBHU B KOHKPETHBIX YCJIOBUSX ONPEHECISAIOT JKCIIEPUMEHTAIBHO, CO34Aal0T U
NOJAJIEP)KUBAIOT ~ OCHOBHOM  3ampaBKOW  MHUHEpaJIbHBIMH  YAOOpPEHUSIMU U

noakopMkamu (ABaonuH, 1972).

B coorBerctBUM C (hazamMu CBOEro pa3BUTUSA PACTEHUS C Pa3IMYHON
WHTEHCUBHOCTBIO TIOTPEOJISIIOT MUHEpaIbHBIC BEllecTBa. B Hawane Beretamuu y
pO3 yBeIWYHUBAETCS TMOTPEOHOCTH B azore. Bo Bpemsi 1IBETEHHUS YCBOCHHE
MUTATEIBHBIX AJIEMEHTOB y P03 CYIIECTBEHHO Bo3pacTaeT. B (a3e mHTEeHCHBHOTO
IBETEHUs Bo3pacTaeT mnorpedieHue Qochopa M Kaius, a a3oTa CHUKACTCA
(JTaBpunenko, XKypourkuii, 1970; Mantposa, 1973; Raev, 1976; Bemuuko, 2005).
B KkoHIe BererauuM yCUJIMBAETCS TNOTJOMIEHUE Kalusl, a a30T MPaKTHYECKU
nepectaet norpednsatees (Chandra, 1981; Murphy,1987, 1988; Silberbush, Lieth,

2004). B nmepuonm LBETEHHS ONTUMAlbHAass KOHICHTpPAIMS MHHEPAIbHBIX
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anementoB: N — 21-25, P — 25-30, K — 42-55 wmr/ 100 r mouBel (I'ykoBa,

Cacwun, 1987), To ecTh cOOTHOIICHHE dJIeMeHTOB 1: 1,2: 2,2.

B memoM, B (hOpMHpOBaHMHM MHHEPAILHOI'O COCTaBa PO3 a30Ty M KaJIHIO
NIPUHAUICKUT TIIaBHas poiib (Sharma, 1981; Sood et al., 2006). HauGombiee ux
KOJIMYECTBO, a TaKXKE M OCTAIbHBIX DJEMEHTOB, BKJIIOYas MHKPOIJIEMEHTEHI,
JIOKAJIU3UPYETCsS B JINCTOBOM Macce M HApACTAIOIIUX MOJOIBIX Pa3BETBIECHUAX

kopHe# (CunopoBud u 11p., 1981).

Takum oOpa3oM, HCIONB3yS 3HAHUS 00 OCOOCHHOCTSX MHHEPAIHHOTO
NMUTAaHUS B IEJIOM IS PACTeHWM, W, B YaCTHOCTH, JUIsI PO3 MOXHO Kak
CTUMYJIMPOBaTh, TaK M 3aMEJIATh pa3IUYHbIE (HU3HOIOTO-OMOXUMHYECKHE
MPOIIECCHl B PACTEHWHM C I1ETBI0 YIY4YIIEHUS WX JEKOPATUBHBIX KauecCTB,
YCTOWYMBOCTH K (PUTOTIATOTEHAM M COKPAIIEHUS PACXOJ0B 3a CUET ONTUMHU3AINH

TCXHOJIOI'MU BbIpalllMBaAHHWA PO3 B 3allIUIIICHHOM I'PYHTC.

Oco0eHHOCTH NMUTAHMS P03 a30TOM. JlaHHBIE, IPUBEJACHHBIE B HAYYHBIX
myOMuKaIusaX, M0 U3y4eHU0 (PU3NOIOTHN MUTAHKS PO3, CBUACTEIBCTBYIOT O TOM,

YTO a30Ty NMPUHAAJICKUT OJHA U3 BEAYIIMX MO3UIMUI B (POPMUPOBAHUU PACTCHUS
(Chandra, 1981; Sharma, 1981; Hu, Murphy, 1996; Sood, Nagar , 2004; Sood et
al., 2006).

ConepxaHue a3oTa B pPacTeHHsIX COCTaBisieT B cpeaHeM oT 1,5 mo 5% ot
cyxoil maccel. ONTUManbHOE COJEP)KaHUE a30Ta B JUCTHSIX 3PENIBIX U 310POBBIX
pactrenuii po3 — 3,4 % (Po3e B Temnumax, 2003). HeGenkoBoro aszora B
BEreTaTUBHBIX OpraHax pacteHuil copepxutcs He Oosiee 20-30 % oT obmero
KOJIMYeCcTBa JTOTo »3JeMeHTa B pacteHun (AnemwmH, I[lonomapes, 1985). B
OHTOr€HEe3€ KOJUYECTBO a30Ta yBeJIMYMBaeTcs 10 ¢as3bl I[BETEHHUSA, a 3aTeM
CHIDKAeTCs 3a cueT ero mnorpebieHus cospeBatomumu 1mionamu (KysHenos,

Jmutpuena, 2005).

A3OT COIEPXKUTCS B PACTCHUHM B OPTaHUYECKOW M HEOpraHu4eckou (opme.

HOFJ'IOIHCHI/IC a30Ta paCTCHUAMHU IMPOUCXOJUT KaK KOPHAMHU, TaK U JUCTHIAMU B
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MUHEpAJIbHOW (OopMe — HUTPATHOW M aAMMOHHUNHOM. HutpatHeii  aszor
CUMTAIOT OCHOBHBIM MCTOYHHMKOM MHHEPAJIBHOIO a30Ta JUIsl PACTEHUM, XOTS I
€ro yCBOEHMS HEOOXOJMMO BBICOKOE COJIEp)KaHHE YIJIEBOJIOB, KOTOpbIE
o0ecrieynBalOT €ro MeTabOJWYeCKOM JHeprueu, TpeOyrIieics miIa  ero
BOCCTAHOBJICHHS JI0 aMMOHUIHHON Gopmbl. IMeHnHO B popme NH4" a3oT moctymaer

B KJICTKH W UCIIOJB3YCTCA AJId CHHTE3a MHOI'HMX a30TCOACPIKAIIINX COC,Z[PIHCHPIﬁ.

[ToMmuMO amMMOHHUSA, KOTOPBIA SIBISETCA NPOAYKTOM BOCCTAHOBJICHHUS
HHUTpaTa, pacTeHus: yceanBaroT NHs" , mormomeHHbIi 13 NOYBBI U 00pa3yIOMIUNC
HAOTEHHO B pEaKUMiX pacmaja a30TCOAEPKAIIUX COCOUHEHHH U TpU
doronpixanun. HesaBucumo ot mpoucxoxkaenus, NH;* Bkmodaercs B
OpraHMYeCcKHe COEJMHEHUS 4Yepe3 CHHTe3 aMMHOKHUCIOT (Du3nosorusi pacTeHui,
2005). Ilpu pe3kux HapymIeHHSX OOMEHa BEIIECTB B PACTCHHHU, HAIPUMEp, MPH
¢uTONATONOTUYECKUX IpOoIleccaX WM MPH BHECEHMH aMMOHUNHBIX YIOOpeHUH u
Henocratke KanuiiHoro nutanust NHs" MoXeT HakarmBaThCs, YTO MOXKET OBITh
tokcnuHOo s HuX (TrorepeB u ap., 2002). Ilpu >TOM H3OBITOYHBI aMMOHUIA
MOXET 00e3BpPEeKUBATHCS, CBS3BIBASICH JAMKAPOOHOBBHIMH  AMUHOKHUCIOTaMU
(acmaparvHOBOM M TJIIOTAMHUHOBOM) J0 <JIyYIIUX BpPEMEH», KOTJa B PacTeHUU
oOpasyeTcst T0CTaTOYHOE KOJUYECTBO YIJIEBOAOB KaK HMCTOYHHMKA SHEPTHH IS
ouocunteza Oenka ([IpsHunmHukoB, 1945). IlogoOHO acmaparuHy W TJIFOTAMUHY
TaKyl0 € pojib B 00E€3BpeKMBaHMM HM30BITKA aMMOHHUS U pe3epBa a3ora JUis

CUHTETUYECKHUX IIeJIel B pacTeHun urpaet MmoueBuna (Kperosuu, 1971).

N3 KOpHEBOW CHUCTEMBI BOCCTAaHOBJICHHBIM a30T HUTPATOB B BUJE
aMHHOKHCJIOT, aMUJ0B, YPEUI0B, HUKOTUHA, HYKJIEMHOBBIX KUCJIOT, IMTOKMHUHOB
U JIPYTUX a30TCOJAEPIKAIINX OPTaHUYECKUX COCIUHEHHWM IMOCTYMaeT B MOOErH 1o
cocyziaMm Kcwiiembl. Ero cogepskanue B KCHJIEMHOM TOKe MokeT ObITh 0,7-30 MM B
3aBUCMMOCTH OT BO3MO>XHOCTH PACTEHUS B JHEPre€TUUYECKOM U T€HETHYECKOM
OTHOULICHHH TIPH €T0 YTWIN3aluu. Bech NOrIoneHHbI aMMOHUN MTPEBPAIACTCs B

opranuueckue coenunenus B kopusx (Kypcanos, 1976).
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W3 nuctheB B KOPHU MO cocyJaM (JIOAMBI  HUTpaThl  MEPEMEIAIOTCs
TOJIBKO TIPH BBICOKON OOECIEYEHHOCTH WCTOYHUKAMH TUTAHUS W 3aMeIJICHUU
(OTOBOCCTAaHOBUTENBHBIX peakiuid. bonee THNUYHBINA (JIO3MHBIA OTTOK a30Ta — B

COCTaBe OpraHUYeCKHUX coeauHeHui (Pusnoorus u onoxumus ..., 2000).

Ha ypoBHe menoro pacteHuss MNPOUCXOJUT HHTEHCUBHBIA KpYroBOPOT
AMUHOKHUCJIOT M aMHUJIOB MEXIY HaJ3€MHBIMH OpraHaMH M KOPHSMH, OJIHAKO, B
KOJIMYECTBEHHOM OTHOIIICHUHM KCUJIEMHBIM TOK OOrade 1mo CoAEpKaHUI0 a30Ta, BO

¢daosmHOM TOKe ero B 10-20 pa3 menbiie (Puznonorus pacrenuii, 2005).

HezaBucumo oT Bo3pacTa pacTeHU# CYIIECTBYET JBa IMHKAa MOTpeOJIeHus
azora (PymacoBa u nap.,1988). IlepBbiii HaOmr0aeTCsS B IMEPUOJ WHTEHCHUBHOIO
BEreTaTUBHOIO POCTa, KOIJla BCE CHJIBI PACTEHHUS PACXOIYIOTCS HAa HAKOIUICHHE
a30THBIX coeAuHeHuil. [lepen 1BeTeHHEM pacTeHHE «OLIEHUBAET» JIOCTYMHOCTD
HHEPreTUYECKUX 3aracoB, a UMEHHO, caxapoB — MPOAYKTOB (POTOCHHTE3a, TaK Kak
JUIS TBETEHHUS HAJ0 MHOTO METa0OJIMYECKOW HHEpruu, KOJIUYECTBO KOTOPOM
MOBBIIIIAETCA TpU HHTeHCUuKammu mnporecca ¢orocunre3a (YainaxsH, 1988;
I'sncton u ap., 1983). D10 a3oTHO-yraepoaHas Teopusi (Tpoduyeckas) peryisnuu
LBETCHUsI, KOTopasi Obula pa3paboTaHa W JlIOKa3aHa HSKCIIEPUMEHTAIbHO €lIe B
Hayvajie MPOIUIOro Beka HemerkuM (usuonorom pacrenuii I'. Kiebcom (Klebs,
1904). B ero paboTax OBUIO TIOKa3aHO, YTO pPAaCTEHUs OBICTpee 3alBETAlOT Ha
noyBax O€IHBIX a30TOM M MpHU SIPKOM OcBellleHuU. [lepBbiii MUK moTpedieHus
a30Ta CMEHSAETCS PE3KUM CHHXEHHEM CKOpPOCTHM JTOro Ipolecca BO Bpems
¢dbopMupoBanus OyTOHOB, U BTOPOM HACTyMaeT, KOTJAa MPOUCXOAUT HHTEHCHUBHOE
oboraiieHue JHCThEB a30TOM B HaudalbHbId mnepuon nserenus (Sood, Nagar,
2006). 3areM KOJIHMYECTBO a30Ta CHIDKAeTCS 3a CYET €ro mnoTrpedieHus

CO3pCBAOIIIUMU IITIOAAMU.

[lpu HemocTaTke a30Ta pacTeHHs Clabo KycTaTcs, 00pa3yloT KOPOTKHE,
TOHKHE TIOOETH, MEJKHUE JINCThS KEJITOBATO-3€JICHOTO B HAYale WU JKEITOTO WU
KpacHOBAaTOTO IIBeTa B KOHIIE pa3BUTHs. [loXelTeHWe HaYMHAETCS CO CTaphbIX

JIMCTBCB, T.K. a30T PCYTUIIM3UPYCTCA U MMOCTYIIACT N3 HUKHUX JIMCTHCB B BCPXHHUC,
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KOTOPBIC €Ille OCTAIOTCS KaKoe-TO BpeMs 3esieHbIMU (DU3HOoIorust ' OMOXUMHUS
.., 2000). Habmromaercss mnpekaeBpeMEHHBIA JIMCTONAA, B PeE3yJbTaTe Yero

ocnabJIgeTCs IBETCHUE U CHUYKACTCS ICKOPATUBHOCTh pacTenuii (Jlorunos, 1969).

Henocrarok a3zora Takke BeOEeT K YMEHBIIEHHIO HWHTEHCUBHOCTU
doTtocunTe3a. M30bITOYHOE BHECEHHE aA30THBIX YIOOPEHUM YCHIMBAET POCT,
3aIepKUBAET IIBETEHUE, a TMO3JHEE CHWXKAET 3UMOCTOMKOCTb paCTEHUMU

(demenTtnera, 1985).

Takum 00pazoM, CyIecTByeT TeOpeTHYecKass 00OCHOBAaHHAS BO3MOXKHOCTH
PETYJISIIIMKM I[BETCHUS TaKWM JJICMCHTOM MHUHEPAILHOTO IHTAaHUS Kak a30T, a
TaK)X€ WHTCHCHUBHOCTh B3aUMOCBS3aHHOTO C €ro IOCTYIUICHHEM B pacTCHUE

nporecca poTocuHTe3a.

Ocob6ennoctu nuranusi po3 ¢pocdopom. Cpennee conepxanue pocdopa B
JUCTBSAX, CTEONSIX ¥ KOPHSAX 3J0POBBIX pO3, BBIPANICHHBIX B YCIOBHSIX
3aIMILIEHHOTO IpyHTa, cocTaBisieT nmpumepHo 0,3 — 0,5 % ot cyxoit maccsl (Po3bl
B teruuiax, 2003; Cyxas, 2009; Kupromun, [Tamkesud, 2010). ®ocdop, Taxke
KaKk ¥ a30T, SBJIAETCS KOBAJECHTHO-CBSI3aHHBIM COCTABJISIONIUM OPTaHUYECKHUX
BEIIECTB PACTEHUS, B KOTOPBIX AJIEMEHT MPHUCYTCTBYET TOJBKO B OKHCICHHOMN
dopme (B Buae PO,*) m He MEHSET CBOK BAalEHTHOCTh B METabOIUYECKHUX
peakuusx. buoxumus  ¢dochopa  orpaHuuuBaeTcs, IJIaBHBIM  00pas3om,
MPUCOCIMHEHUEM WM TIEPEHOCOM ocTaTka opTodochOopHOM KHUCIOTH Ha
paznuunbie cyocTpaThl. OCHOBHOM MeTa0O0JIMYeCcKuil MyTh BKItOUeHUs docdara B
OpraHuYecKrue COeIMHEHMs MpoucxoguT uepe3 AT®: Heopranmveckuit ¢ocdar
BOBJICKACTCSI B PEAKLUU YTIJIEBOJHOTO oOMeHa U OuocuHTe3a doconunuaos. B
obmene BemiecTB Gocdop peryiupyer s3HeprooOMeH, Tak Kak ¢ MPUCOCIUHEHUEM
dbochopa K OpraHMYECKOMY BEIIECTBY O0Opa3yeTcsi MaKpodprudeckas cBs3b (B
Hykieosuapocharax, ATD, AHAD), sHeprus KOTOPOH HCMIOAB3YETCA IS
NEPBUYHOTO aKTUBUPOBAHMS OPTaHUYECKUX MOJIEKYJI, BCTYMAIONINX B BaXKHEUIINE
MeTabonuyeckue Tyt ¢GoTocWHTE3a U JAbixaHus. Bxoxaenuwe dochopa B

nykienHoBble kucioThl (JIHK u PHK) onpenenser ero 3Hauenue st JeieHUs
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KIICTOK, OuocuHTE3a 6CJ'IKa, PETYJAINUTIO METa00JINIECKUX IMpoueccoB

(Trorepes, 2002; dusnonorus pacteruii, 2005).

[Tornomenue ¢ochopa pacreHreM U3 MOYBEHHOTO PACTBOpPA MPOUCXOANT B
dopme wuonoB oprodochoproii kmcnore (HPO,>, PO.*). Hcrounmkamu
dochopHOrO mMHTAHWSA pACTECHHH MOTYT OBITH CONMM OpPTO-, MeTa-, |
nupodocopHON KHUCIOTHI U opraHuudeckue Gocdarhl (HYKICHHOBBIE KHUCIIOTHI,
caxapodocdarel, putuH) (Anmemmn, [Tonamapes, 1985; Schachtman et al.,1998).
Jnis w3BnedeHUs HWOHOB (GOCPOpPHOHM KHUCIOTHI M3 DJTUX TPYIHOAOCTYITHBIX

COGI[I/IHGHI/Iﬁ pacTCHUA UCIIOJIL3YHOT!

1) coOCTBeHHBIE IKCCYAAThl (KOPHEBBIC BBIACICHNUS);
2) momMoIIs MUKOPH3bI M (PocHaTMOOUINIYIOMUX OaKTEPHil.

OTHOCHUTENIBHO TIEPBOTO TMOJIOKEHUS M3BECTHO, YTO KIIETKH SIHUJEpPMHUCA U
KOpPBI KOpHS, KOTOpbIE SIBJSIOTCS Ba)XHBIMU JJISi OCYILECTBJICHHUS METa0oIu3Ma
CTPYKTYPHBIMH KOMIIOHEHTaMH pacTeHHs, 00raThl pa3iIuYHBIMU OpPraHUYECKUMU
coequnenusmu  (Farrar et al., 2003). IlpakTuuecku Bce BOIOPACTBOPHUMBIC
OpraHMYECKHE BEIIECTBA BBLACISAIOTCSA B MPOIECCE KUZHEACATEIIbHOCTH KOPHEBOU
CUCTEMOH pacTeHuil. DTO OpraHuyeckue KHUCIOThl (IlaBeleBas, JIMMOHHAs,
s065104Has1, stHTapHas, pymapoBas — MpoAyKThl IukiIa Kpebca), aMUHOKHUCIOTHI U
amMubl  (IPOAYKTH TEPBUYHOM acCUMMIISIIMM a30Ta), caxapo3a (TJIIOKO3a,
dpykTo3a — mnpoAykThl Iukia KanabBuHA), a Takke HYKJIEHMHOBBIE KHCIIOTHI,
(depMeHThl, (HU3HOJIOTUUYECKH AKTUBHBIE COCAUHEHHS — BHUTAMUHBI, TOPMOHBI
(Kysnenos, JImutpuepa, 2005; Beperennnkos, 2006). Kpome Toro, npu JpIxaHuu
KOpHEeW oOpa3yeTcs yrojabHas KuciaoTa. HekoTopbie U3 3TUX KOPHEBBIX BBIICICHUN
MOTYT TIOMOTaThb pPACTEHHI0O B H3BJIeUYeHUU Qochopa U3 TPYIHOAOCTYIHBIX
COCIMHEHMM Kak B IIpolleccCe pacTBOpeHuss (B Cilayyae C KHUCIOTHBIMU
AKCCyaTaMu), TaKk ¥ MpH 00pa30BaHUU PACTBOPUMBIX OPTaHUYECKUX KOMILIEKCOB

(c caxapamu B KaueCTBE XEJIaTOPOB).

OOpa3zoBaHue CTPYKTYpPHBIX D3JE€MEHTOB KOpHS, Y4YacTBYIOIIMX B

9KCCydanun, pPCryjiupycrcia pOCTOBLIMH CHUTHAJIAMMU. KocBennas peryjmpoBKa
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IKCCYIAIUU IPOUCXOIUT yepe3 HMHTEHCUBHOCTH MOCTYTUICHUS
caxapo3bl K KOPHsSIM, TaK KaK KOHIICHTpPAIus CBOOOIHBIX YTJIEBOJOB SIBIISCTCS
KOMIIOHEHTOM CHUTHQJIBHOTO TYTH MeTabonm3Ma, BOBJICYEHHOTO B KOPHEBYIO
CTPYKTYpy M B IOTpeOJieHHe NMHUTaTelIbHBIX 3jeMeHToB (Bingham et al., 1998;
Freixes et al., 2002; Lejay et al., 2003). HemocpencTBeHHBIH YTIISPOICOIEPKATITHIA
IPOAYKT (POTOCHHTE3a — caxapo3a — MOXKET ObITh OOHAPYKEH B IMMOYBE MEHEE YeM
yepes yac nocie pukcarmm CO, (Minchin et al., 1994; Rattrey et al., 1995; Nguyen
et al., 1999, Kuzyakov, Cheng, 2001; Dilkes et al., 2004). Takum o0Opa3om,
IIyCKOBOW MEXaHM3M 3KCCYIAIUH — MPOIECC OUeHb OBICTphIi. Co3/1at0TCs YCIOBUS
JUIsi OBICTPOTO Pa3MHOXEHUS MUKPOOPTaHW3MOB — BHYTpu (3HAOpHU30chepa), Ha
MOBEPXHOCTH (pU30IUIaHA) M C HAPYKHOM CTOPOHBI KOpHS (dKTOpH30ochepa)
(Lynch, Whipps, 1990; Jones et al., 2003). B pusocdepHoit 061acTH MPOUCXOIUT
nepecTpoiika  BCero  MHKpoOHOro  coobmectBa. Cremays  ABOJIIOLIMOHHO
CIIO)KMBIIIUMCSI OTHOIIICHUSM MEXIy pPAacTeHHEM W MHUKPOOPTaHM3MaMH, JTOT
QIBbSIHC «PAaCTEHHE — MHUKPOOPTaHU3MBl» HadMHAET paboTaTh TPOPUIECCKU
COTJIaCOBaHHO, KOTJ]a OT/AEIbHbIE TTOMYJISIIUA MUKPOOHOTO COOOIIECTBAa MTOMOTAIOT
B YCBOCHHUH IMUTATEIBHBIX JIEMEHTOB CBOEMY 3YKapHOTHYCCKOMY IMapTHEPY. IDTO
BTOPOW MeXaHu3M u3BJeueHHs (pocdopa U3 ero TpymaHOJOCTYITHBIX COCIUHEHUMH,
KOTrJla  TMPOUCXOAUT  JIOKaJdbHOE  MOJKHCIEHHWE Cpeabl B pe3yibTare
KU3BHENICATCIIbHOCTH  HUTPU(PUKATOPOB  (0Opa3oBaHME a30THOW  KHUCIOTHI),
TUOHOBBIX OakTepuil (0Opa3oBaHME CEPHOM KHUCIOTHI), a TAKKE OPraHUYECKUX
KUCIIOT (HanpuMmep, ykcycHoi) — Acetobacter diazotrophicus, Acetobacterium sp.
(CoBpemennast MUKpoOHoIorHs. .., 2005). KpoMe TOro, MHOrHe MUKPOOPTaHU3MbI
obOnamaror ¢docdarasHoit akTuBHOCTBIO — Agrobacterium radiobacter, Bacillus
megaterium, Bacillus subtilis, Corynebacterium species, Rhizobium meliloti,
Streptomyces griseus u ap. (Lois et al., 1993; Solomon et al., 1996;
Schrenkhammer, 2008). ®ocdaraszel (kuciable W IIEIOYHBIC) — 3TO TPYIIa
(dbepMeHTOB, KOTOpPBIE CIIOCOOHBI PACHICTUISTH OOJIBIIIOE YHCIIO PA3TUYHBIX d(DUPOB

dbocdopHoli KuCTOTHI ¢ 00pa3oBaHWeM Heopranudeckoro (ocdara (Meniyiep,

1980).
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MUKPOMHUIIETHI TaKke€ OCYLIECTBIISIIOT nporecc
ACCUMWJISILIMU PACTUTEIBHBIX IKCCYATOB B 00JaCTH puzochepsl, MHOTHE U3 HHUX
obnagaroT gocdaTazHol aKTUBHOCTHIO. 32 CUET MOBBIIICHUS IJIOIIAINA YCBOCHHUS
MUTATENbHBIX 3JIEMEHTOB I'PUOHBIM MAPTHEPOM B 00JIACTH KOPHSI paCTEHUU U, KaK
CJIE/ICTBHE, YBEJIMUEHNE HETTO-BBIXOA NPOLECCa MUTAHUS — KAK KOPHEBOI'O, TaK U

BO3JIYIIHOTO ((OTOCHMHTE3a) — POCT MHUKOPU3UPOBAHHBIX KYJBTYpP YJIy4IlAeTCs

(Pinior et al., 2005).

Hapsimy ¢ opranmdeckumu coequHeHHsMH  ¢ocdopa, B pacTeHHH
comepxkarcsi u Heopranumdyeckue Qocdarel. Hakormnenne HeOpPraHUYECKOTO
dbochopa B cCTeOMIX SABIAETCS TOKa3arejieM OOECIeUYeHHOCTH pPacTeHUM

dbochopubiM iutanuem (Trorepes, 2002).

B pacrenusix docdop, Takke Kak M a30T, HAKAIUTMBACTCS B OCHOBHOM B
pPEeNpOAYKTUBHBIX OpraHax M B T€X OpraHax, i€ HJIET, UHTEHCUBHBIC MPOLIECCHI
cuHTe3a opraHuyeckux BemiecTB (AnemwnH, I[lonamapes, 1985). OcHoBHOI
3anacHoll gpopmoii pochopa y pacrenuii ssinsercsa purun — Ca 2" — u Mg 2" —conp
UHO3UTONAGOCPOpPHONH  KHUCIOTHI  (MHO3UTON  Tekcadocdar), 3HAYUTEIbHBIC
KOJIMYECTBA KOTOPOTO HAKAIUIUBAIOTCs B ceMeHax (Dusuonorus pactenuid, 2005).
Bo Bpems 3acyxu pacTeHHE HE MOXET aKTHBHO TIOTJIOMIATh BEIIECTBA W3 TOYBHI,
no3tomy ucnoisbdyeT ¢ocop ¢utuna (Kysueuos, Amutpuena, 2005). Jns pos
dbochop TpeOyercs B HadalbHBIX (ha3ax pa3BUTHSA, B YACTHOCTH, JJISI Pa3BUTHUSA
KOPHEBOM CHCTEMBbI, a MPU OyTOHU3ALMU KOJIUYECTBO €r0 B JIUCTHSIX CHIXKAETCS

(PynacoBa u np., 1988).

[Ipu Henoctatke Gochopa KOpHEBask cUCTEMA pa3BUBAETCS Ci1ab0, 0COOEHHO
B panHHu# nepuoj. HabmrogaeTcs aHoMaabHBIN KPYrOBOPOT caxapo3bl B PACTCHUU:
oOpasyromuecs B npouecce (GOTOCHHTE3a YriIeBOAbl CHayana TPaHCIIOPTUPYIOTCS B
KOPEHb, a MOTOM BO3BPAILAIOTCS 0OpAaTHO B JIUCT, TaK Kak 0e3 ¢ocdopa B KOPHIX
HE MIPOMCXOJIUT IITUKOJIU3 — MepBbli ATamn apixanus (Kysnenos, Imutpuena, 2005).
[IpnocTtaHaBnMBaeTCs POCT U PA3BUTHE BCETO PACTEHUS B CBSI3H C MOJABICHUEM

dorocuntesa npu aedunmre pochopa ([lomesoit, Canmartosa, 1991). Ha nucthsax
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HOSIBJISIIOTCS.  KpacHble W (puoJieTOBbIE TMsITHA (HAYMHAs C KpaeB), JIUCThS
MOCTENIEHHO OTMHPAIOT M OMAJAl0T. JTO CBS3aHO C HEIOCTATKOM SHEPTETHYECKOTO
obecrieueHusI METAOOJIMYECKUX PEAKIUI MO UCIOIb30BAHUIO (DOTOCHHTETUYECKUX
NPOJYKTOB, KOTOpbIE JIOJDKHBI ~ACCHMUJIMPOBATBCA UWX akmentopamu. B
pe3yiabTaTe, BMECTO CTPYKTYPHBIX KOMIIOHGHTOB pPAacTCHHs, B  JIUCTBIX
CHUHTE3HMPYIOTCSl aHTOLMAHBI (COCAMHEHUS TJIMKO3UIHON PUPOIBI, HE TPEOYIoIIHe
JUTst cCBOeTo oOpa3oBanus Gocdopa), KOTOpbIE MPUIAAIOT UM XapAKTEPHYIO OKPACKY.

CHMKarTCS NPOAYKTUBHOCTB M IEKOPATUBHOCTh pacTeHuil ([emenTbeBa,1985).

Oco0eHHocTM nUTaHMA Po3 KajaumeM. HakorueHwe kanusi B PAacTEHHU
3aBHCHUT OT €r0 KOHILIEHTPALMK B CPEZE, HO B HAI3EMHBIX OpPraHax €ro CoAepKaHue
BBIIIE, YEM B KOPHSX MPHU YCIOBUHU, YTO KOPHEBas CHUCTEMa CHa0XEeHa KalheM B

onTuMaabHOM KojuuecTBe (Dusuosorus pacrenuii, 2005).

Kanuii HEe BXOAMT B COCTaB OpraHMYecKuUx BemiecTB kieTku: 70% ero
HaxOJWTCS B KJIeTKe B CcBoOOgHON wWoHHOM (opme, ocrtambable 30%
aJICOPOMPYIOTCS Ha TTIOBEPXHOCTH OCIIKOBBIX MOJIEKYII, 00pa3ysl ¢ HUIMH HECTOMKHE
coequnenus (IlerepOyprekuii, 1971; Kysuenos, JImutpuesa, 2005). bnaromaps
CBOEMY CBOOOJHOMY COCTOSIHMIO HOHBI K OYeHb MMOJBMOKHBI W aKTHBHBI B
pacmpesiefieHud MO KJIETOYHBIM W TKaHEBBIM CTPYKTypaM pacTeHUM, MOTYT
MHOTOKPAaTHO  PEyTHJIM3UPOBATHCS W BBIMOJHSAIOT MHOTHE (YHKIHH B

PACTUTCIILHOM OpTraHU3MCE.

Haubonee BakHas B KOHTEKCTE HAIIETO0 PAacCMOTPEHMsI (PYHKLMS Kayus B
pPacTeHUM — 3TO PEryJALUs aKTUBHOCTH ()EPMEHTOB U CHUHTE3 Oesika. AKTUBHOCTb
(GEepMEHTOB MOXKET HU3MEHATbCS KOH(opmalmeil OenKOBBIX CTPYKTyp. benku
HOJIEP)KUBAIOT CTAa0MJIBHOCTh CBOEH KOH(poOpMauuu Onarojgaps TUAPATHOMY
CIIOF0, KOTOPBI KaTHOHBI K* MOTYT CHIIBHO MEHSTh, YTO PUBOJHUT K U3MEHEHUIO
akTuBHOCTH (epmeHToB. Hanbosee wu3BecTHA poJb Kaidus B aKTUBALUHU
NUpPYBATKUHA3bI, (EpMEHTa KOTOPBIM KaTaJU3UpPYeT TIOCIEAHIO PEaKIIUIO
TNIMKOJN3a — TpeBpamieHne (¢ocpoeHonupyBaTa B MUPYBAT, CBSA3aHHOE C

obpazoBanuem AT®. Jlpyroit K* — aktuBupyembiii hepMeHT — KpaxMalICHHTAa3a,
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KOTOpBIﬁ OCYIICCTBILCT INPUCOCAMHCHUE TJIIOKO3blI K Kpaxmaly, B PE3YJIbTaTe

MpOoUCXOaUT YIAJIMHCHUC HOHHC&X&pHI{HOﬁ OCIIN.

B mnpouecce cunresa Oenka (QyHKIMS Kalldsg Takke OMNPENESeTCs €ro
CIIOCOOHOCTBIO B TOMJICP)KAaHUU TMPOCTPAHCTBEHHOW OpraHm3anuu OenkoB. Tak,
KaJuid  HeoOXoauM Ui MOJJEp’KaHus  TpeOyeMoro MpOCTPAHCTBEHHOIO
oobenudenuss TPHK u pubocombr npu tpanciusiuu uPHK. On HyxeH mis
aKTUBAIIMM  TENTUAWITPpAaHCPepa3bl, C yY4aCTHEM KOTOPOH  TPOUCXOJUT

HapaliMBaHue nojunenTuaHou nenu (Pusunonorus pactenuit, 2005).

CToiiKOCTh ~ KOJUIOMJOB  IIMTOIUIa3Mbl  KIETOK  OOYCJIOBIMBAETCS
NpUCYTCTBUEM Kaims. lIpm XopomiemM KalMiiHOM TATAHUM  ITOBBIIIAETCS
3aCyX0yCTOMYHMBOCTb, MOPO30CTOMKOCTb PACTEHUM, YJIYUIIACTCS IEPEIBUKEHUE
MUATATEJIbHBIX BEIIECTB M BOAbL. MHOro kamus B MOJIOAbIX opra”ax. [lo mepe
CTapEHUs1 PACTEHMs ITOT DJIEMEHT IEPEMEINACTCA B PACTyIIME OpPraHbl U TKaHH.
Kanuit ydactByeT B a30THOM OOMEHE M CHUHTe3€ O€jKa, MOBBIIIAET MPOYHOCTH
cTebiield, YCTOMYMBOCTh K IOJETaHUI0 U YMEHBIIAET MOPaKaeMOCTh TPUOHBIMU
oonesnsmu. Kanmii yiydmnraer HCMOIb30BaHUE COJIHEUHOM DHEPTUM M OTTOK

ACCUMMWIISIHTOB, CHMKACT TPAaHCIIMPAIWIO U IMOAACPKHUBACT TYyprop KIICTOK.

Hctounmkom Kamust I PACTEHUM  SBISAECTCA KaJIUMM  CUJIMKATHBIX

MUHEPAJIOB, 0OOMEHHBIN WJIU TOTJIONIEHHBIN, U BOAOPACTBOPUMBIN KaIuH.

[Ipu HemocTaTke Kanusi HAOMIOAAETCA: 3aBsIaHUE PACTEHUs, pe3Koe
CHIWKEHHE (OTOCHHTE3a, XOTsI TpHU OTOM COJepKaHuWe xjopoduiuia He
U3MEHSETCS; TPEKpaIleHrue TMPEeBpaIlleHus MOHO3 B 0oJyiee CIOXKHBIE (HOPMBI
yIJICBOJOB — JUCaXxapuabl W TIOMUCAXapHuiabl; 3aJep)KKa CHHTE3a OCNKOB,
COMPOBOXKIAIONIYIOCS ~ HAKOIUIGHWEM  HEOeIKOBOrO  a30Ta;  TOBBIIICHHE
WHTEHCUBHOCTH TPOTEOJIMTHUYECKOTO Mporiecca (mporecca pacnaga Oenka), 4To
co3maer 0cob0 OnaronpuATHBIC YCIOBUS IJISl Pa3BUTHA B TKaHAX PaCTCHUU

NaTOTeHHBIX OPraHU3MOB — rpuboB u Gakrepuii (Aronun, 1980).
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IIpu wu30bITKE 3TOr0 >3JIEMEHTA YXYJIIAeTCs OKpacka 1[BETOB,
BO3HUKAIOT YKOPOUEHHBIE IBETOHOCHI, YaCTO JKEJITCIOT HUKHUE JIUCThS, PACTEHUE
MemsieHHo pacteT. Kpome Toro, Bo3HukaeT aeduuut kanblusg. OTMmeudaercs, 4yTo
JaXe IpU ONTHUMAJIbHOM KaJIMWHOM IIMTAHUU YBEJIMYECHUE J03 Aa30THBIX
yI0OpEHM HE BCEr/ia BEIET K YBEJIMYEHUIO MPOIYKTUBHOCTH PACTEHUS, @ HEPEJIKO

BBI3BIBAET 3a00J1€BaHMs pacTeHul PpuTonaToreHHbIMU Tpubamu (Munees, 2004).

Poab KpeMHHUsI B IMTAHUM PACTEHUH U €ro BJIMSHUE HA YCTOMYHMBOCTH
pacreHuii kK puronarorenam. Kpemuuii oTHocUTCS K OMORJIEMEHTaM, UTPAIOIIUM
CYIIECTBEHHYIO POJIb B PACTUTEIHHOM M KUBOTHOM Mupe (Kynukosa u np., 2004),
Y SIBJIICTCSI OJTHUM M3 OCHOBHBIX KOMIIOHEHTOB Tie/iolieH030B (CamconoBa, 2005).
[lepBble BereTalMOHHbBIE UCIBITAHUS KPEMHHUEBBIX yA0OpPEHUI ObUIM MPOBEIECHBI
Jlaitourom B 1840 r. (Liebig, 2008). Hauyano cuCTEeMaTHYCCKUM IIOJICBBIM
UCCJIEIOBAHUSIM TI0 ONPENENICHUI0 POJIM KpeMHHs B (OPMHPOBAHUU OHMOMACCHI
pacteHusi ObUIO TOJIOKEHO B 1856 r. Ha PoTaMcTeCKON ONMBITHOW CTaHLUM, T7IE
OBLTM TIPOBEACHBI IKCIIEPUMEHTHI C €KETOJIHBIM BHECEHHWEM CHJIMKATa HaTpus
(LLIxompuuk, 1974a; Rothamsted...,1991). Ilo Bompocy O poJi KpPEeMHHS IS
pacTeHui ObUIO HEMAJIO PA3HOIIIACUN M KPEMHUH JT0JIroe BpeMs He ObLT BKIIIOYECH
B IEPEUYCHb 3JIEMEHTOB, HEOOXOoAMMBIX st pacteHuit (IIpsHumaukoB 1965,
TumupsizeB, 1936). Toabko B 1922 romy oH ObLT OTHECEH K DJIEMEHTaAM —
onodpunam (Bepuanckuit, 1967). Ha oCHOBaHWH MHOTOJICTHHUX HCCIICIOBAHHIHA,
KPEMHHI YK€ HE CYHMTACTCS TOJIbKO HMHEPTHBIM D3JICMEHTOM, a COBEPIICHHO
CIpaBEJIMBO OTHECEH K OMOTeHaM, HEOOXOAMMBIM JIJIi HOPMAaJIbHOTO POCTa U
pa3BHUTHS pAacTEHUM, )KUBOTHBIX U 4enoBeka (Boponkor u np., 1978; BopoHkos,
Kysuenos, 1983; Boponkos, Ky3uenos, 1984). Pa3znuyaror aBa THIIA BO3CHCTBUS
KPEMHHEBBIX YIOOPEHUI HA PACTEHUSI B arPOAKOCUCTEME: MPSMOE €ro BIUSHUE HA
pacTeHHss U omocpenoBanHoe — uepe3 mouBy (Ma, Takahashi, 1993; Suntheim,
1986).

Kpemuuii B mouBax mpejCcTaBlieH pa3IUYHBIMU MOAUGUKAIIUSIMU JTUOKCHIA

KPEMHHUSI — KPHUCTAJUIMYECKUMHU (KBapl, KpUCTAOOJWUT) M amMopdHbIMH (Omai,
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XalEA0H), a TaKkKe CWIMKaTaMd M aJIIOMOCHIMKaTamMu. B moyBeHHOM
pacTBOpe STOT AJIEMEHT HAXOAWUTCA B BHUAE CUIMKAT — HOHOB MOHOMEpPOB HU
JUMEPOB OPTOKPEMHHUEBOM KHUCJIOThI, KPEMHMMOPraHUYECKUX COEAUHEHUN, a
TaKK€ B KOJUIOUAHOM (QopMe B BHIE TUAPO30JiI KPEMHUEBOW KHUCIOTHI. s
HOPMAJbHOTO PAa3BUTHUS PACTCHHI KOHIEHTpAILMs MOHOKPEMHHEBOW KHCJIOTHI B
IIOYBEHHOM pacTBOpe JoJukHa ObIThb He MeHee 20 mr/kr noussl (KpacHomneposa u
ap., 2003), ogHako ee coaepkaHUWE BO MHOTHX IOYBAX PEIKO MPEBBIMIACT 3TO
3HaueHne (MareruenkoB u np., 2002). JlocTymHOTO KpeMHHUsSI PAacTEHUSIM HE
XBaTaeT Ha CWJIBHOKHUCIBIX [IOYBAX, € B YCJIOBUSAX MPOMBIBHOTO peXHMa HUAET
€ro MUrpauusi B HIKHHAE NouBeHHbIE ropu30HTHI (IIpuxonpko, 1979), a Tak ke Ha
CWIBHO BBIIIEJIOYEHHBIX M Ha HU3KOKPEMHHUEBBIX (EPPAIUTOBBIX IOYBAX

(Bopstauikuii, 1984).

@dakt ymyuymerus (ochopHOro TUTAHUS PACTEHUH TIPU BHECCHHUH
KPEMHHEBBIX J100aBOK B TOYBYy wu3BecTeH aaBHO (Opios, 1992). Opnako, ux
nevictBue nBOsiKO. C OHOM CTOPOHBI, JOKAa3aHO, YTO KPEMHUN CIIOCOOCTBYET
BBICBOOOXKIeHUIO (pochopa B JOCTYHHON aiasi pacTeHuil ¢opme (MaTblueHKOB,
bouapuukosa, 2003; Yymauenko, Ammes, 2001; I'maakoma, 1982) 3a cuer
BBITECHEHUSI HMOHOB (ochopa U3 TPYAHO pPacTBOpUMBIX (ochaToB MOUBHI
(MarbryenkoB, AMocoBa, 1994). IIpu 3ToM aHUOH KPEMHUEBOM KUCIOTHI CIOCOOEH
OI0KUpOBaTh CBOOOAHBICE KAapOOHATHI TMOYBEHHOTO PACTBOpPA, UYTO CHIKAET
perporpagamnuio  pactBopuMmbix  ¢docharor  (EmemeB wum  ap.,  1990).
OKCHEePUMEHTAIBHBIM ~ IyTEM  YCTaHOBHWJIM, 4YTO KPEMHETEIbCOICPIKAIINe
ynoopenus (Oenasi caxka, TMaTOMUT M CHJIMKAT HATPUS) MOBBIMIATN TOJABIKHOCTD
docdar — nona B mouse. [1oBBIICHHE T03bI KPEMHETEIIBCOACPIKAITUX YA0OpEHUH

YBEJIMUYMUBAJIO MOABMXKHOCTD (hocart — nona (IIBeiikuna, 1988).

C 1pyroil CTOpPOHBI, COCAMHEHHUS KPEMHHEBOM KHCIOTHI BIUAIOT Ha

IIOBCACHUC (1)0C(1)21T — HOHOB B I[IOYBCHHO — ITOTJIOIIAOIIIEM KOMIIJIICKCE.
CaHPO, + Si(OH), = CaSiOs +H,0 + H3PO,,

2A|(H2PO4)3 + SI(OH)4 + 5H* = Al,Si,O5 + 5H3PO,4 + 5H,0,
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2FePOs + Si(OH), + 2H" = FeySiOs + 2H3PO,.

bruto mpoBeneHO MoOJenUpOBaHHE BIUSHUS CHJIMKATOB HATPUS M KaJIbLIUA
Ha JIOCTYIIHOCTh BOJOPAcCTBOPUMBIX coenuHeHui ¢ocdopa g pacTteHuil.
BbIsiBIIEHO, YTO CHJIMKAThl TOBBIIIAIOT 3HAuYeHUs TNokaszareias pH mouBbl u
YBEJIIMYUBAIOT COJEPKAHUE B MOYBE BOJIOPACTBOPUMBIX COETUHEHHM (hochopHOit
KHCJIOTBI. YCTaHOBJIEHO, 4TO copOuus ¢dochopa wu3 cocraBa GHochHOpHBIX
yI0OpeHul CHIDKAETCS yKe NMPU HAJIMYUK B IOYBE CUJIMKATa HATPHUS B KOJMYECTBE
0,6 mr/r. Inst noctmxenust noo0Horo 3¢ dexTa KOHIIEHTpAUs B IOYBE CUIIMKATa

KaJIbIUs JIOJDKHA OBITh B 2 pasa Beimie (Domning, Amberger, 1988).

Pe3ynbTarel  OMBITOB  MO3BOJIAIOT — NPEANOJIOKUTH, YTO  KPEMHHU
NPEensTCTBYeT TNorjomeHuo ¢ochar — HOHOB MOJYTOPHBIMH  OKCHJIAMHU.
Komnougnass ¢opma KpeMHEKHCIIOTHI aacopOMpyeT MOIJIONIEHHbIE OCHOBAaHUS,
ocyabmsisi ux CBA3b ¢ (HocOpHOM KHCIOTOM, YTO TOBBIMIAET €€ TMOJABHKHOCTB.
UtoObl BOCHOJIHUTH 3amac MOABM)KHOTO KpPEMHHSI B TIOYBAX, HEOOXOIUMO
WCITIOJIb30BaTh PACTBOPUMBIE KpeMHHUICoepKamme ynooperns. IHPeKTuBHOCTD
npuMeHeHus GocHOpUTHON MYKH yBETMUYMBACTCS C UCHOJIB30BAHUEM B KAaueCTBE
yIOOpEeHUil MHUHEpPaIbHOTO ChIPbSi M OTXOJOB IPOU3BOJACTBA, COAEPIKALIUX
pacTBopuMble (OpPMBI  COEIMHEHUH KpeMHHsA. BeposTHO, mNepCcreKTUBHBI
UCCJIENOBAHMUS MO  HW3YYEHUIO  POJM B  TOBBIIMIEHUH  YPOKAMHOCTHU
CEIBCKOXO3SUCTBEHHBIX KYJIBTYP CBIPhS, COJAEpIKAIIEr0o OWOTEHHBIM KpEeMHUN
(IMaTOMMUT), UM TIPOMBIIJIEHHBIX MUHEPAJIbHBIX yI0OpEHUH, B COCTaBe KOTOPBIX
npucyTcTByeT KpeMHui (pochopHbix Ha ocHOBe anatuta U (HochOpUTOB, a TAKKE
TOMAacCIIIaka, IJIaBlIeHbIX ¢ocdaToB, monoMuta). M3 KanuiiHBIX yno0OpeHui
OOJBIION MHTEpEC MPEACTABISIIOT CHIHHUPUTHI, cojaepxkaiiue 25% KpeMmHe3eMa.
HeobGxonuma  KoMmIUleKCHass oleHka ¢ochop- U KPEMHUMCOIEPHKAIIETo
MUHEPAIBHOTO ChIpbs, 3alpelleHHe OHKCIOpTa amaTMUTOBOTO KOHIIGHTpaTa U
dbochopHbIX yNOOpEeHMA, CTHUMYJIUPOBAHHE UX NPUMEHEHUS, MOAJAECpKAHUE
IpeJIOKEHUsT O TEpPEeBOJIe BCEX BUAOB (ochopcoiepKaliero Chipbsi B paspsia

cTpateruueckux  MatepuanoB (Uymauenko, Kampanos, 1999). Pacuérsr
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IMOKa3bIBAIOT, YTO BHCCCHHUEC KPCMHHCBLIX y,Z[06pCHI/II\/JI OJHOBPEMCHHO C

dochopHbIME MOTYT CHH3UTH pacxon mocieanux Ha 30-50% (MaTberaeHKoB u 1p.,

1997).

Tak, ycTaHOBHIIM, YTO BIUSHUE KPEMHHS Ha ypOskaldl KyYKypy3bl 3aBUCUT OT
TUTIA ¥ J03bI €ro coeauHeHus. OnTumanbHas 103a kpemHus — 0,5 T/KT MOYBHI B
BUJIE CUJIMKATa HATpHsI U 2 T/KT MOYBBI B BHJIEC KPEMHEKHCIIOTHI — CpaBHUMA TIO
addexty ¢ BHecenuem 0,2 T P,Os/kr mouBsl. B mouBe kpemHuit 000X coequHEeHNN
OKa3bIBAJl MOOWJIM3UPYIOIIEE JCHCTBHE Ha HEpacTBOpUMBIC (ochaThl TOYBHI.
KpemHekunciaoTa He M3MEHsIIA, a CHIIMKAT HAaTPUsl CHUYKAJT KUCIOTHOCTH MOYBHI C
YBEJIMYCHUEM JI03bl BHECEHHS. B CBsS3M ¢ HEOOECIEUEHHOCTBHIO 3eMIICIEIHs
dbochopHbIMU  YIOOpEHHSMU HM3y4YEHHE MPUEMOB MOOWIM3AIMU  3alacoB
MOYBEHHBIX (pochaToB C TOMOIIBIO COSTMHEHUN KPEMHUS 3aCITyKUBAET BHUMAaHUS

(CamconoBa, ActaxoBa, 1986).

KpemH#eBast KHCIIOTa MOYKET CHIDKATh AaKTUBHOCTD THAPOKCH/IOB A TFOMUHHSI
U OKejle3a, 4YTo OJarompusTHO JEWCTBYeT Ha POCT CEIbCKOXO3SMCTBEHHBIX
pactenuii (I'opoynos, 1974; Kopopumxk, 1982). Ilokazano Takxke, 4TO MOBUKHBIHI
KPEMHHUI BJIMSET Ha JOCTYIMHOCTh MarHus W MapraHia s pacrenuii (Lindsay,
1979). KpemuueBbie ynoOpeHusi, Kak MpaBuiIo, 00Ja1al0T BEICOKOH COPOIIMOHHOMN
cnocooHocteio  (MateryenkoB u ap., 1997; Matichenkov et. al.,, 2000),
CJICAOBATEILHO, TP UX MPUMEHEHUU TIOBBIIIACTCS aJCOPOIIMOHHAS CTIOCOOHOCTD
MOYB HE TOJHKO K Gocdopy, HO U K KaJIUI0, HUTPATHOMY U aMMOHUWHOMY a30Ty
(Tapanosckast, 1939, 1940). B wuccrnenoBaHusiXx Tpemesll H JUATOMHT, Kak
KPEMHHUEBBIC YIOOPEHUSI COPOITMOHHOTO THUIA, CHU3WIM MX MOTEPHU U3 TMAXOTHOTO
ciost Ha 30-40% 3a cueT mepeBoja aMMOHUIMHOTO a30Ta W Kajus B MOIJIOIIEHHOE

coctosinue (Jlobona, SAxosnera, 2003).

N3BecTHO, UTO KPEMHUEBBIE COETUHEHHS CIIOCOOHBI CBSI3bIBATh MOYBEHHBIE
YaCTUIBI KPEMHHEBBIMM MOCTHKaMH Mex 1y 3epHamu wia (Munk, 1982), npu stom
YIIy4IIIaeTCsl arperupoOBaHHOCTh, BIAro€MKOCTh, EMKOCTh OOMeHa U Oy(pepHOCTh

nerkux mnoue (Matichenkov et. al., 2000). Ilpu coBMECTHOM BHECEHHUH



73

KPEMHHUEBBIX YJIO0OpPEHHIA C KaJbIIUEM 3Ta CIIOCOOHOCTh MOXET OBITH
UCIIOJIb30BaHA Tpu OoprOe ¢ BerpoBoi 3po3meit (Mays, Anaele, 1993).
CyIIecTBYIOT JIB€ TOYKH 3peHUs Ha (HDOPMbI COCAMHEHUS KPEMHHMS, CIIOCOOHBIX
HOTJIONIAThCS PACTEHUSMU: TOJIBKO MOHOMEPHI KpeMHHeBo# kucioThl (Yoshida et.
all, 1959) unmu HU3KOMOJIEKYISIpHBIE (POPMBI KOJJIOWIOB KPEMHEBOW KHCIIOTHI H €€

sa¢upa (bapcykona, Poraues, 1979).

Kpemunit SIBIISIETCS HEOTHEMJIEMBIM KOMIIOHEHTOM pacTEHU.
JlukopacTyuue pacTeHUSI U CEIbCKOXO3SUCTBEHHBIC KYIbTYpPhl MOTPEOISIOT
3HAYUTEIBHOE KOJMWYECTBO KPEMHHUS, CONOCTABUMOE C BBIHOCOM OCHOBHBIX
MaKposJieMeHTOB — a30t1a, (ochopa, kamus (Kampanos, Kamckwmii, 2006), ero
conepxanue B 3oie koiebnercs ot 0,16 mo 8,4% (BoponkoB u ap., 1978).
Haunbombiiee KoJIM4ecTBO KPEMHHUS COACPIKUTCS B PACTEHUAX, MPOU3PACTAIONINX B
CTEIMHBIX, MOJYMYCTBIHHBIX, IYCTHIHHBIX M TOPHBIX PEruoHaX C HauMEHee
ONarompusATHBIMH YCJIOBUSMHU K cymiectBoBanuto (Boponkos, Kysneros, 1984),
YTO XapaKTEpPU3yeT €ro Kak »>JIEMEHT-alanTep [Jsi PacTeHUd U, BO3MOXKHO,
semienenus B 1enom (Epmonaes, 1992). CoOTBETCTBEHHO, BIMSHHE KPEMHHUS Ha
pacTeHus 3aBUCUT KakK OT HMX BHAA, TaK M OT YCJIOBUU BbIpamiuBaHusi. B
paCTUTENIbHBIX TKaHAX KpPEMHUH HaXOJUTCS B BHJE BOJOPACTBOPUMBIX
COCMHEHUN THUIIAa OPTOKPEMHHUEBOUM KUCIOTHI, OPTOKPEMHHUEBBIX d(PUPOB, a TaKKe
B (popMe HEpPaCTBOPUMBIX MUHEPAIBHBIX MOJUMEPOB (TMIOJTUKPEMHUEBHIC KHCIIOTHI
¥ aMOp(HBIN KPEMHE3EM, U3 KOTOPBIX COCTOSIT PACTUTEIIbHBIE OMAJIbl — (PUTOTUTHI)

U KpucTayumueckux npumeceit (boopos u np., 1991).

Beienenbsl  n1Ba  MexaHuW3Ma  BO3JECUCTBUA KPEMHHUS Ha  PacTEHUs.
[lepBUYHBII MEXaHU3M CBSI3aH C €0 y4yacTheM B OOMEHE BEILIECTB U OTJIOKEHUEM
3HAYUTEJIBHOM 4aCTU B OpraHax pacTeHUM. BTOpHUYHBIM MEXaHW3M OCHOBAaH Ha
oOMeHEe KpPEeMHHUs C IPYrMMH MUHEPaJbHBIMH YacTSIMHU IIOYBbI, B TOM YHCIE C
areMeHTaMu nuTaHus. Tak, OTIoXKeHue KpeMHus B amopdHoil (opme B BHIE
ouoomnana (SiO2x NH,O) moBbIIIaeT CONPOTUBIIEMOCTh PAaCTeHH K OOJIE3HIM U

BpEIUTEIAM: MYYHHMCTOM poce, pKaBuuHe, napuie u ap. KpemnueBas kwuciora
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YCUJIMBAaeT JEJIEHUE KIETOK, CHHTE3 XIJIOpohuiia, TIIOKO3bl, MPOTEHHA,
CHUKAET CHUHTE3 MXUPHBIX KHUCJIOT, CTUMYJIHPYET OOpa3oBaHUE OPTaHUYECKHX
docharoB u ux pacnpeneneuue BHyTpu pactenmii (Richter, Suntheim, 1986).
Hamuuue ee B mHUTAaTeIbHOM pPAcTBOPE TPU BHIPANIUBAHUU SIPOBOTO SUMEHS U
03UMOM MIIEHUIBI YcuiiuBaio pocT kopHel Ha 100 u 66%, coorBeTcTBeHHO. Takue
e JaHHBIC IO YBEJIMYCHHI0O OMOMAcChl KOpPHEW pAcTECHUH MpH ONTUMHU3AINU
kpemuueBoro nutanus (Adatia, Besford, 1986; Matichenkov, 1996), pasmepa ux
o01ieit 1 aacopOupyIOIIel TOBEPXHOCTH MOTYUYEHBI U IPYTUMHU UCCIIEI0BATEISIMU
(Kynunosa, 1974; Kyaunoa, 1975; Richter, Suntheim, 1986). Bropuunoe
JIEUCTBUE KPEMHHs HCCIICIOBAHO B MHOTOYHCIICHHBIX OIBITaX C MPUMEHEHHUEM
CUJIMKATCOJIepKaluX yao0peHuit. B momneBbix ombiTax 10361 cuiukaro 200-800
Mr SiOy/kr mnouBbl oOecneunBanu 10%-10 npubOaBKy ypokas 3€pHOBBIX U
MPOMAIIHBIX KyJbTyp. BererannoHHbIE OMBITHI BBISBIIIA 00J€€ BBICOKYIO
3¢ (HEeKTUBHOCTh CHJIMKAaTOB TI0 CPaBHEHUIO C W3BECTHIO B MOOWIM3AIHNU
cBs3aHHOTO (hochopa HA BTOPOM U TpeTHil Tojbl. [lepBoHAYAIEHOE TOBBIMICHUE
pH 3a cueT COOTBETCTBYIOIIETO KOJIMYECTBA U3BECTH U MOCICAYIONIEE YCUICHUE U
crabunuzamust gecopOunu ¢ocdopa 3a cyeT ynoOpeHUi, coAepKaIIUX OKCH]L
KpEMHHUS, TIpeajiaracTcsi B KA4eCTBE JIOJATOCPOYHOM MEphl  MOBBIIICHUS
noctynHoctd dochopa B MmuHepaidbHbIX mouBax (Richter,Suntheim, 1986). B
uccnenoBanusix N.II. leptoruna u ap. (1988) BHeceHue kpeMHus (IMaTOMUTOB) B
NOYBY B HOpME 5 T/Ta Ha (OHE a30THBIX M KAJUNHBIX yAOOPEHUH MOBBIIIAIO
ypoxaiiHocTh suMeHs Ha 19%, orypuos Ha 20%, TomaToB Ha 11%, MOopkoBu Ha

19%, ctonoBoii cBEkibI Ha 12% ([eprorun u ap., 1988).

[IpumeHeHne cuUIMKaTa HATPUS CIIOCOOCTBOBAIO POCTY YPOKaHHOCTH
mraMnmuaboHOB (Jlopoxkkuna u jp., 2002). Mcnonp3oBaHue MeTacHIIMKAaTa KaJus,
MOJIYYCeHHOTO TP TepepabOTKe CHIHHBIPUTOB, KOTOPBIE conepkanmu okojo 15%
Kanmug ¥ 25% KpeMHUs, MMO3BOJMIIO TOJY4YUTh MpUOaBKy 3epHa rpeunxa Ha 11%
(Kynukosa u sip., 2004). CoBMeCTHOE BHECEHHE a30THBIX M KPEMHHUHCOICPKAIITUX
yIoOpeHuil 0J1aroTBOPHO BIUSJIO HA POCT M PA3BUTHE PACTEHUMN, CIIOCOOCTBOBAJIO

MOBBIIICHUIO MPOIYKTUBHOCTU siuMeHs B 1,5 — 1,7 pasza, puca B 1,5 — 2 pa3a,
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KYKYpY3bl, CBEKJIBI U Apyrux KynbTyp Ha 30 — 50%. IlonoxxurenbHoe BIUsSHUE
KPEMHHUS B YCIOBUSAX PA3IUIHON 00ECIIEUEHHOCTH PACTEHUI a30TOM 3aKIF0UaeTCs
B YBEJIIMUYCHUHU Pa3MEPOB U BBINIOJIHEHHOCTU 3€pHa. [IpM COBMECTHOM BHECEHUU

a30THBIX M KPEMHHEBBIX YJI0OpEHUl MOTepH a30Ta cokpamniaiuch Ha 6% (baxHos,

1979).

VY CTaHOBIEHO, YTO ONTUMHU3ALKA KPEMHUEBOTO NHMTAHUSA CIIOCOOCTBYET
YCKOPEHUIO TIOIOHOIICHHMSI OTYpIIOB U ToMaToB Ha 13-15 cyrok (Kynmukosa u np.,
2004), moI0kKHUTENBHO BIUSET Ha CKOPOCTh MIPOPACTAHUSI CEMSIH STIMEHS M pUca, Ha
2 — 2,5 Hejenu YKOpauMBAaeT CO3pPEBaHHE KYKYpy3bl, IPHU 3TOM OTMEYaIOCh
yIydiieHHe KadecTBa M KoimuecTBO novatkoB (Camconosa, 2005), yBeanuuBaet

coJiepyKaHue caxapa B caxapHoil cBEékiie u TpocTHHKe (Matbiuenkos, 1990).

bonpmias 4acTe KpeMHHUs COCPENOTAYMBACTCS B HENPOAYKTHUBHOM YacTH
3JJAKOBBIX PACTEHHIl. DTO TOBOPUT O TOM, YTO KPEMHHI, B KOHEYHOM HTOTE,
(GopMHUpYET CKEJIETHYK0 YacTb pACTEHUM, YKpEIUIIeT CTeOelb M KOPHEBYIO
cucteMy. Ilpu  [ONOJHHUTENTBHOM  KPEMHHEBOM  IUTAaHWM  YTOJIIAETCS
KPEMHELEIUIFOJIO3HBIA  CIOW  DIHWIEPMHUAIBHBIX  TKAHEH, YTO  yCWIMBAECT
yCTOMYMBOCTh pacTeHuil k mnosieranuto (bapanaes, 1978; T'ampuenko, 1952;
TepentseB, 1974). buomerpuueckue wusmepenus B omnbitax B.H. Kanpanosa
BBIIBWIIM TEHICHUUIO K CHWKCHMIO JUIMHBI COJIOMHUHBl PACTEHUN SYMEHS U
YBEIMYECHUIO UX JMAMETPAa B BapUaHTaX COBMECTHOI'O BHECEHHUS IUATOMHTA H
BO3pACTalOIIMX /03 a30Ta. B 1aHHOM ciydae NOJATBEPKAAETCS MHEHUE O
CIIOCOOHOCTH KPEMHHSI YBEJIMYMBATh CTEHKU JMHUAECPMHUATBHBIX TKaHEW cTeOJsid U

HOJIeP)KUBATh ero Ha 3ToM ypoBHe (Kampanos, Kamckwii, 2006).

BmemmBasice B MeTaboJIu3M pacTeHUl, KPEMHHI BJIMSET Ha pa3InyHbIe
dbuznonornyeckue mnpouecchl B HuX (AnemwumH, 1982a). Tak, psagom
uccienoBareneil ObUIO OKa3aHO, YTO KPEMHHM MOKET MOBBIIATh YCTOMYHUBOCTh

HykiaenHoBbIX kucioT (AHK u PHK) x MyrareHHOMY BO3JE€MCTBUIO H3ITy4YEHUS

(Bopoukos u ap., 1978; Anemun, 19826; Mann , Ozin 1996; Anemun, 1988).
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YcTaHOBIEHO,  4YTO  KPEMHUW Y4YacTBYET B OMOXUMUYECKUX
poIeccax MUTOXOHIPHM, U4TO, BEPOSTHO, IPOUCXOIUT HA YPOBHE MEMOpaH M Ha
YpPOBHE MAaKpOIPTUUECKUX coenuHeHud (AnemH u ap., 1988). Kpemuwii
y4acTBYeT U B (PEpMEHTATUBHBIX Mpoleccax. Tak, ObLJIO MOKA3aHO, YTO B KJIETKaX
puca OH PEryJIupyeT aKTUBHOCTh HUTPATPEIyKTa3bl, MepoKcHiasbl, Gocdarassbl,

uHBepTasbl (AnemmuH, 1988).

Kpemuwniiconepkamme COSIUHEHHsT MOTYT OBITh HCHOJIB30BAHBI IS
NOBBIIICHHS 3aCyXOyCTOMYMBOCTH pacTteHuid (AusemmH, 1982a; Aston, Jones,
1976). IIpenmonaraioT ACHCTBHE JIBYX MEXaHH3MOB. BO-TICPBBIX, AKKYMYJISIIHS
KpEeMHHUSI B  KPEMHHUEBO-IICIUTIONO3HONM  MeMOpaHe  KIETOK  JMHAepMHUca
IPEIOXpaHsIeT pacTeHUue OT U30BITOYHOTO WCHApeHUs] BIIard; BO-BTOPBIX,
MOJIMMEPHU3AIU  TTOTJIOMICHHBIX PAaCTEHUEM MOHOMEPHO-KPEMHHEBBIX KHCIIOT
COIPOBOXKIAETCS BbIACIeHHEM Mojekyn Boabl: NSi(OH); = nSiO, + 2nH,0O
(Atinep, 1992). B MHOTOYHMCIEHHBIX MCCJIEJIOBAHUSAX OTMEUYEHO CHHUKEHUE
TOKCUYECKOTO JICUCTBUS Keje3a, allOMAHUS, [IMHKA, MEIU, MapTaHIla, MBIIIbIKA,
CTPOHIIMS Ha PACTEHUsS 3a CUET MOJABICHUS WX TOTJOMICHUS PACTCHHSIMU IPHU
JIOCTATOYHOM HAJIMYMH MOJABUKHOTO KpemHus (AnemuH, 1982a; Anep, 1992). Ha
JIOCTYITHOCTh PACTCHUSIM CBUHIIA, KaMUS U IUHKA B MEPBYIO0 OYepPEIb OKA3hIBACT
BJIMSIHME M3BECTKOBAHUE MOYB U BHECEHHME BBICOKUX /103 (pocHOpHBIX yI100pEeHUH.
HaubGonee »sddextuBHOEC CpPEeACTBO MJIE YMEHBIICHUS TIOTJIOMIEHUS TSKEIIBIX
METaJIOB PACTEHUSIMH — IPUMEHEHIE MOHOOOMEHHBIX CHHTETHYECKHX CMOJI. B TO
K€ BpeMsl BHECEHHE B TTOYBY KaJivsi, Maraus, ocdopa, 0coOEHHO B KOMOMHAIIUU C
CHJIMKaTaMH, TTPOU3BOAMIIO TOYTH SKBUBAJICHTHBIA d(PPEKT B TeUeHHUE TpeX JIeT
nocJye npuMeHeHus. PazHpie pacTeHus pa3auyHO MOTJIOMIAIN TSAXKEIble METAIIBI B
3aBUCUMOCTH OT THma OOpaOOTKM TOYBBl M CaMoro »3jeMeHTa. Tak, KOpHHU
OBOIIHBIX KYyJbTYp HWHTECHCUBHEE AaKKyMYJIHPOBAIU TSKEIbIE METAJUIbl 110
CPaBHEHUIO C JHUCThsIMH U mnoOeramu. IlyreM mnpoBeneHHs] pa3IMYHBIX
arpOTEXHUYECKUX MEPOINPHUATUNA, BO3MOXXHO, CHHU3UTH COJICPKAHUE TKEIBIX

METaJUIOB B OBOIIAX, BRIPAIIEHHBIX HA CHIILHO 3arps3HeHHoi mouse (Leh, 1988).
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YCTaHOBJIEHO,  4YTO  KPEMHHH CIOCOOCTBYET HIOBBIIIICHUIO
YCTOHYMBOCTH PACTCHHI K 3aCOJICHUIO M HeTsHbIM 3arps3HeHusM (Matichenkov,
Calvert, 2000; Reichert, Norton, 1994). ITpu u3y4eHun AeHCTBHUS U ITOCIIEACHCTBUS
pa3IMYHBIX KPEMHHUICOACPKAIIMX yI0OpPEHUH Ha ypo)kall 3epHOBBIX KYJIBTYp H
AMHHOKHUCIIOTHBI COCTaB 3€¢pHA, OTMEUYEHO, YTO KPEMHHEBBIC YyI00pEHHUs
YCUJIMBAIOT TPOIECC HUTPU(PHUKAIMA B IOYBE, a TAKKE CHHTE3 M TPAHCIOPT
a30THUCTHIX BEIIECTB B 3€pHO, W (opMuUpoBaHHE Oeika 371aKOBBIX KyinbTyp. C
MOBBIIIIEHUEM OEJIKOBOCTH IMOJ BIMSHUEM YyAOOPEHHUH y MIICHUIBI U SUYMEHS
YBEIUYMUBACTCS JIOJsI TPOJIAMUHOB M TJIFOTCJIMHOB, y OBca — ajibOyMHHOB,
rI00YyJWHOB M TUIIOTEJIMHOB, TMPH 3TOM O0OIee KOJUYECTBO HE3aMEHUMBIX
AMHHOKHUCJIOT B 3C€pHE YBEJIUYMBACTCS WU OCTAaeTCI Ha YPOBHE KOHTPOJIS

(BapcykoBa u ap., 1989).

OnTuManbHOE NMUTAaHUE PACTEHUH KPEMHHEM CIIOCOOCTBYET MPUOOPETEHHIO
UMHU [TaCCHBHOTO HMMMYHHTETa K Iapa3uTaM M HEOJAronpHsITHBIM YCIIOBUSM
cpenbl. BHeceHHe KpeMHHEBBIX YAOOPSHHUH B TOYBY YBEIMYHMBAJIO OMOMAcCy Kak
HaJ[36MHOM, TaK U MOA3eMHON YacTu pacteHuid Ha S5 — 30%, OJTHOBPEMEHHO C 3TUM
UMEET MECTO M YBEJIIMUCHHUE COJICP)KaHUS KPEMHHUsS B TKaHSAX pacTeHuit B 2 — 2,5
paza (MarteruerkoB, 2007). KpeMHuil akkyMyaupyeTrcs B SIHACPMHAILHBIX
KJICTKaxX pacTeHUM, 00pa3ysl IBOMHON KYyTUKYJISIPHO — KpeMHUEBbIH cioi (Yoshida,
1965), Giaromapst ueMy co3maércsi Oapbep Ha MyTH MPOHUKHOBEHMS TH(OB rprda
(Yoshida, 1975). Cocymiie BpeauTenu He CIOCOOHBI MPOKAIBIBATh MOBEPXHOCTH
TAKOTO PpACTeHUs] M TEM CaMbIM HAHOCHTh BpEIl CEIIbCKOXO3HCTBCHHBIM

kynsTypam (bapanaes, 1978; INanbuenko, 1952; Tepentnes, 19740.

Kpome Toro, kpeMHUil OKa3bIBa€T MHTUOMpYIOIIEe AecTBUE HAa (EPMEHTHI
NaTOTE€HOB,  OONagarouMX  MHPOPMAIMOHHO-TIEKTUHOBOM  aKTUBHOCTBIO, B
pe3ysibTaTeé 4Yero IaTOreH HE pPaclo3HaéT pacTeHus xo3suHa (lopoxkrHa,
Hepraues, 2002). Kpemuuii Takke criocoOCTBYET CHUKEHHIO MOPAKEHUST pACTCHUM
IIOCPEICTBOM  IIOBBIMICHHWS  OKHUCIIUTEIBHO-BOCCTAHOBUTENIBHOIO  ITOTEHIMANA

KJIETOYHOTO COKa, YTO WHTHOMpYyeT pa3BuTHe maroreHoB (AsemmuH, 1982a). B
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uccinenoBanusx JILA. JJopoxkuuoit u ap. (2002), mnpu  0o0pabOTKe  MOYBBI
CHJIMKAaTOM HaTpUs YUCIECHHOCTh TPHOHOTO COOO0IECTBa B HEM CHUXKAaJIach B 2 pasa,
Opd OSTOM CyMMapHas MHUKpPOOHOJIOTHYecKass AaKTUBHOCTh COOOIECTBA HE

HN3MCEHAIACH.

B 0onbIioM KOJIMYECTBE JKCIEPUMEHTANTBHBIX PAOOT YCTAaHOBJIEHO, YTO
OTJIO’)KEHHE KPEMHHMS B pacTeHUHU B amopdHOoi (popMe B Bujie OHooIIaa MmoBbIaeT
COTIPOTUBIISIEMOCTh PACTCHMA K OOJIE3HSM U BPEAUTENSIM: MYYHHCTOW poce,
BO30yaMTEIeM KOTOpO# sBisieTcst Erysiphe graminis, p»kaBunHe, BBI3bIBAEMbIM
mukpomuiierom Uromyces vignae (Stumpf, Heath, 1985), mapiie u apyrum. Tak,
OBIJI0O  YCTAaHOBJIEHO, 4YTO WCIOJb30BaHWUE CUJIMKATa HATPHUsl  CHIIKAET
pacrpocTpaHeHue MyYHHUCTON POCHI Ha orypiax Oosee, ueM Ha 50% (Menzies et
al., 1992), nopaxxenue puronaroreHamu (haaroBoro JMCTa SPOBOH MIIEHHUIILI B 1BA
pasza, a sumens — Ha 30% (IlImakoBa, Ctpor, 2002). DKCHEepHUMEHTAIBHO
YCTaHOBJICHO, YTO MMPUMEHEHNE KPEMHHUEBOTO yI00PCHHSI B BUJIC CUJTUKATA HATPHUS
MO/l pUC TPUBOAUT K TOPMOXKEHUIO PAa3BUTUS JIUCTOBOM U y3J0BOM (hopM

nUpuKyIspro3a (Bo30yautens — Magnaporthe grisea).

KpemHeseMm, copepxamiuiics B pacTeHUsIX puca, sBisercs (akTopom
€CTECTBEHHOTO BO3pAaCTHOIO HWMMYHHTETa pacTeHus. DBHeceHne KpemHUs
CIOCOOCTBYET YBEIMUYECHHUIO YPOXKasi pyuca U MPOSIBICHUIO UMMYHUTETA PACTECHUI B
oonee pannue (aser Beretaruu (AnemmH, [ltammuckas, 20030. Ilpu sTom B
pacTeHWH TPOUCXOJUT HAKOIUICHWE (PUTOATEKCUHOB, 3alllUTHBIX BEIIECTB,
CHUHTE3UPYEMBIX PACTCHUSIMU B OTBET HaA 3apakeHue HuX (UTONATOrEHHBIMU
rpubamu. Tak, cTeneHb Pa3BUTHS CUMIITOMOB MHUPUKYJSAPHO3a (XJIOPOTHUECKUX
NATEH W Jp.) Ha HMHOKYJHPOBAHHBIX (PUTOMATOTC€HOM JIMCThIX B BapUaHTE C
BHECEHHEM KpEMHHUs Oblja 3HAUYUTEIbHO MEHbIIE, YeM B BapuaHTe O€3 Hero.
Tonkocnolinas xpomarorpadus BbISIBUJIA CYIIECTBEHHBIC PA3IMYUs B COCTaBe 2-O
bpakimu  (HETJIUKO3WIMPOBAHHBIE COCIMHEHUS, (DEHOJBHBIE AarjIuKOHBI U
TEPIICHOUIbl) AKCTPAKTOB M3 MHOKYJIUPOBAHHBIX (DUTOIMATOTCHHOM JIMCTHEB PHCA

MEXIy 3TUMHU BapuaHTamu. JKuJAKOCTHas Xpomatorpadusi BHICOKOTO pa3pelieHus
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BBISIBWJIA BO 2-0M ()pakLMM SKCTPAKTA U3 HMHOKYJIMPOBAHHBIX pAacTEHUN puca B
BapUaHTE C KpPEMHHEM Haluuyue (UTOATEKCUHOB MOMMIAKTOHOB A u B,
coZiepKaHUe KOTOPBIX B BapuaHTe 0e3 KpeMHHs Obulo B 2-3 pa3a MeHblue. Takum
00pa3oM, pacTeHusl puca, y10OpeHHbIE KDEMHUEBBIMU COEIMHEHUSIMH, OTIINYAIOTCS
NOBBIIICHHOW YCTOHYMBOCTBIO K TOpakeHH0o M. Qrisea, TecHO CBSI3aHHOW C

npoaylrpoBaHueM pactenusmu dpurtoanekcunoB (Rodrigues et al., 2004).

BHecenune B MmouBy TpUCHIIMKAaTa HaTpus U OOOMXOKEHHOW B TMEYM W3BECTU
3HAYUTENIHO CHIDKAIO 3apaKeHHOCTh IMIICHUIIBI MUKpomuiietamu Erysiphe
graminis u Septoria nodorum u yBenuunBajio yposkail. ITopakeHHOCTb JHCTHEB U
KOJIOCKOBBIX YeIllyld CHIJKaldach C yBeludeHueM cojaepxkanus SiO; B CyxoM
BelecTBe pacrenuit. Omnpeneneno, 4yto 1% SiO, B cyxoMm BemiecTBe OBLIO
JOCTAaTOYHO JJIs 3AIUThl paCTEHUH OT 3apakeHUsl. BusHIE BBICOKOTO COAEpKaAHUS
KPEMHHUSI Ha 3apaXCHHOCTh NATOr€HaMM 3aKJII0YaJIOCh B HMHTMOMPOBAHUM MX
IPOHUKHOBEHUS B PACTEHME, YTO 3aMEULUIO PA3BUTHE MYYHHUCTOW pOCHI Ha 3TOU
KyJbType. PocT rud npu sToM 3amepxuBaics, a 00pa3oBaHne KOHUIUN HAYNHAIOCH
no3auee. [lomHoe mojaBiaeHue S. NOAOrum OBUIO JIOCTHTHYTO TOJNBKO MpPHU
nocienyromel o0paboTKe IMOYBBI TPUCWIMKATOM HATPUS MU YCIOBHUSX BHEUIHEW
cpelbl, HEONAaronpuATHBIX U pa3BuTHs Ooje3Hu. Ilpu ucmonb30BaHUM BMECTO
KaJbLIUEBON CENUTpPBI CyiabdaTa aMMOHHUS, BBIXOJ KPEMHHUEBOW KHUCIIOTHI U3
00O0XKEHHON W3BECTH, a, CJIENOBATEIbHO, YCBOGHHE PACTCHUSIMH KpPEMHHS U
3(pPEKTUBHOCTH €r0 MPOTUB MYYHHCTOH pochkl Bo3pactanu. [leiictBue cynbdara
aMMOHHS OBLIO OOYCIIOBIEHO €ro KUCIOTHBEIMM cBoiictBamu. Mon SO,% cHuKaer
3HayeHue pH mouyBbl M CHOCOOCTBYET BBICBOOOXKIEHUIO KPEMHHEBOW KHUCIIOTHI U

JIOCTYIHOCTH ee /i pactenwmii (Leusch, Buchenauer, 1988).

B ombITax conoctaBuiIM COJAEpKAHME JBYOKHCH KPEMHMS BO BIArajulle
IIEPBOr0 JINCTA PACTEHHM KOHTPACTHBIX II0 YCTOMYMBOCTH K IIBEJICKOM MyXe
pa3HbIX COpPTOB suMeHs. Ha HeEycTOM4MBOM COpPTE KPEMHHUEBBIE BKIIIOUCHHS
pacrojarajiuch BAOJb KUJIOK B 1-2 psina, a HA YCTOWYMBOM — B 2-3, B OTJEIbHBIX

ciaydasix — B 4 psana. BivsHue KpuUCTaluIOB JBYOKMCH KPEMHHMSI HA YyCTOMYUBOCTh
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3JIaKOB K IHBC,Z[CKOﬁ MYXE MOXKECT OBITH CBS3aHO C MEXaHHMYCCKOMU IMPOYHOCTBIO
TKaHEH. CeHeKHI/IH Ha MNOBBIIICHUC COACPKAHUA JIBYOKHMCHU KPCMHUA B crebne u
JIMCTOBLIX BJlaraJidiiax I1O3BOJIUT ITOJIYUYHUTDb YCTOP’I‘{I/IBble K IHBe,Z[CKOfI MYXE COpTa

sumens (Ilamupo, 1963).

B pactenusix BUHOrpaza COEAMHEHNsI KPEMHHUSI UTPAIOT POJIb CTUMYJIATOPA U

perynstopa pocta (Epmonaes, 1989).

Takum 00pazomM, MHOTO(QYHKIIMOHAIBHOE AEHCTBUE KPEMHHUNCOIEPKALIINX
yIoOpeHuil Ha CeIbCKOXO3AMCTBEHHbIE PACTEHHs, MPOCTOTa U YyIOOCTBO UX
OpPUMEHEHUsT B 3eMJIe/IeNiuM, OoJibllasi SKOHOMHUYECKas BBIFOJa — TIJIABHBIC
JOCTOMHCTBA 3THUX COEIWHEHHUW, PEKOMEHIYEMbIE aBTOPaMH MHOTOYHMCIIEHHBIX
paboT u, 0e3yclIOBHO, 3aciyKHMBaIIMe 0COOOro BHUMaHUS HcciedoBatenci. B
pse OTEYECTBEHHBIX U 3apyO€kKHBIX SKCIEPUMEHTAIBHBIX CTAThSIX OTMEYAETCS
BaXHOCTh 00SI3aTEILHOTO OIPEAENEHUSI COJAEP)KaHUsl MOJBHKHBIX KPEMHHUEBBIX
COCIMHEHMM TMpH aHalM3€ pa3JMYHbIX CBOMCTB TMOYB, B TOM YHCIE, HX
arpoxuMudeckux M arpodusnyeckux xapakrepuctuk ([lamxeBuu, Kupromms,

2008; Lindsay, 1979; Koena, 1985; Bapcykosa, Poues, 1979).

Ilpumenenue OuonpenaparoB /AJsi NOBBIIIEHUS  YCTOMYMBOCTH
pacTreHu K (puTonaroreHaMm M yJy4lleHUs] KOPHEBOro nuTaHus. B nociennue
roJibl MAET aKTUBHasg pa3paboTka OMOJOTMYECKHX METOJOB, HANpPAaBJIECHHBIX Ha
NOBBIIICHUE  NPOAYKTUBHOCTH,  YJIYYLIEHHs  JCKOPAaTUBHBIX  KadecCTs,
YCTOMYMBOCTU PacTeHU K (PUTOMATOr€HaM U B ONTUMHU3ALUU KOPHEBOTO MUTAHUS
(Cmuk, 2002). Psin BUAOB CYNpPECCUBHBIX MHUKPOOPTAaHH3MOB U OHOIIpEapaToB
CHOCOOEH  M3MEHSATh  XapakTep  BEreTaTMBHOTO  Pa3BUTUS  LITAMMOB
¢duTonaToreHHsIX BUIOB U3 poaoB Fusarium, Alternaria, Aspergillus u Penicillium

(Monactsipckuii, SIpomenko, 2000).

[lokazano, 4utro o00paboTka cemsiH OaKTEepUsIMH  MOXKET  CHUJIBHO
CTUMYJIMPOBATh HUX MPOPACTAHWE WU JNAIbHEUIIMU pocT pacTeHuil. Biusaue 50
UCCIICIOBAaHHBIX INTAMMOB OaKTepHid, BKIOYas mpejacraButencit Azospirillum,

Pseudomonas, Bejerinckia, Agrobacterium, Flavobacterium, 3aBuceno ot psna
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gakTOpoB: CcHenUM(UUHOCTH IUTAMMOB, YypoBHS BHeceHus (ot 10* mo 108
KJIETOK/CeMsI), COCTOSTHUSI MHAWTE€HHOW MHUKpPOOMOTHI B MOMEHT IOCEBa, BHJA
pacTeHuii, ocoOeHHOcTel MoYBbl M T.A. bbulO ycTaHOBIEHO, 4TO 00paboTKa
pacTeHMd  a30TPHUKCUPYIOIICH  accouumaTUBHON  Kynbrypor — Azospirillum,
YCUJIMBAIOT POCT KOpPHEBOM cucTteMbl. BcenenctBue »Toro pactenus Oosee
3((EKTUBHO MOTJIOLIAKOT U3 MOYBbl HY)KHbIE UM MUHEpalibHble BeliecTBa (I'nuk,
2002). M3BecTHBI MITaMMbl MUKPOOPTaHU3MOB, KOTOPBIC aKTHBHO MPOIYIHPYIOT
AIMKIMYECKUe KapOOHOBBIE KUCIIOTHI U PacTBOPSIOT (pocaThl, a TAaKKE BBIICSIOT
B OKPYXAaIOIIYI0 Cpey CTUMYIATOPHI pocTa pacTeHuit (Ilamkesuy, 200906).

N3 cTUMyIHpYyIOIMX POCT BELIECTB BBIIEISEMBIX MHUKpPOOpPraHU3MAMHU
HauOoNbllIee pPACIPOCTPAaHEHHE HMEIOT ayKCUHbl. OHU OBUIM  OTKpPBITHI B
BBIJICJICHUSIX MHOTHX MOYBEHHBIX MUKpoopraHuzmoB. Hampumep, OGakrtepunm —
Pseudomonas tumefaciens u Xanthomonas beticola cnocoGHbI cuHTE3UpOBaTH
0eTa-uHI0NMIIYKCYCHYIO KHCIIOTY, KOTOpasi OKa3blBa€T CUJIBHOE CTUMYJINPYIOLIEE
NEHUCTBHE Ha KOPHEOOPa30BaHHUE PACTEHUM.

KOCBEHHO CTHUMYJIMpOBaTh POCT PACTEHHM, MOKHO YMEHBIIUB YacTOTYy
BO3HMKHOBEHHUsI O0JIe3HEH, KOTOpbIE BbI3BaHbl (DUTOMATOTEHHBIMU T'pUOaMHU.
[Tokazano, uro mrtamM Pseudomonas Sp., BBIACICHHBIN M3 pU30C(HEpbl TUKUX
3JIAKOBBIX PACTEHUM, MPOSBIAET AHTATOHUCTUYECKUE CBOMCTBAa MPOTHB TI'prOOB
poma Phytophtora, Fusarium, Alternaria, Rhizoctonia, a Ttaxke oTiMyaeTcs

AKTUBHBIM METa00IM3MOM U BBICOKOH MpoayKTUBHOCTHIO (['uk, 2002).

buonpemapaTsl OTHOCSTCS K CpeACTBaM, KOTOpBIE YJIYYIIAIOT YCIOBHUS
NUTaHUs PAacTEHUIl, B TOM 4YHCIE U JEKOpPaTUBHBIX. VX mpUMeHEHHEe CUUTaeTCs
Ouonoruuecku 0e30macHbBIM MMPUEMOM MTPH BO3AEIBIBAHUH CEITbCKOX03SMCTBEHHBIX
U JeKopaTHBHBIX KyiabTyp (Bumbndaym wu ap., 2008). MukpoOuonorndeckue
npenapaTbl M3BECTHBI JOBOJBHO JAaBHO, OJHAaKO UX 3((EKTUBHOCTh €llle

HEOOCTAaTO4YHA OJ TOIO, yTOOBI 3aMEHUTHh UMM XUMHUYECKHE y,)lO6p€HI/ISI (CDaTI/IHa,

2007).
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B CEJIbCKOXO3SIMCTBEHHOW  NPAKTUKE, pu BHECECHUU
OuonpenaparoB, BIMSIONIMX HAa ONTUMHU3ALMIO KOPHEBOIO MHUTAHUSI PACTEHUH,
HaxXOJUT NpUMEHEHUe Ouompenapar pu3o0aKTEpUH, pa3pabOTaHHBIA HAa OCHOBE
nuazorpodHoro azordukcakropa Klebsiella planticola (Bunbadmymr u ap., 2008).
B Hacrosiiee BpeMst moka3aHo, 9TO MHOTHE BBl MUKPOOPTAHU3MOB CIIOCOOHBI K
azorukcaruu (Illnerens, 1987). K HUM OTHOCATCS W TpPEACTaBUTEIU POJa
Bacillus, koropbeie mpu HeIOCTaTKE MHUHEPATHLHOTO a30Ta B IOYBE CIIOCOOHBI

¢dukcupoBath a30T u3 Bozayxa (Ashlee et al, 2008).

Bcepoccuiickum HAy4YHO-UCCIIEI0BATEIbCKUM UHCTUTYTOM
CEIbCKOXO3SUCTBEHHON MUKpoOuosoruun Poccuiickoil  cembCKOX031HCTBEHHON
aKajgeMuu paspaboTaH psja OuompenapatroB, MPOMBIIUICHHBIH BBIMYCK KOTOPBIX
ocymiecTBisieTcs Ha Onodabpukax Poccunm Ha OCHOBE IITaMMOB pH30CHEPHBIX
MUKpPOOPTaHU3MOB. JTO TaKWe TpenapaThl Kak pu3oTopduH, pU300aKTEpUH
dbnaBobakTepuH, Mu30puH, buomnant ®mopa, buoconbu Puz, baiikan OM-1

(Kpbutosa, 2010; 3aBanun, 2005; [llakun u ap., 2006).

AHanu3 JUTepaTyphl 1O JAHHOMY BOIIPOCY TIOKa3aj, dYTO JCHCTBHE
NPAKTUYECKH BCEX MPUMEHSEMBIX OHOINpEenapaToB HAmpaBlIeHO Ha (HUKCAIUIO
a3oTa M3 BO3AyXa. B MeHblIed cTeneHW MPUMEHSIOT Ouompenaparsl,
ucrnonip3yembie Uit MoOwmm3amuu  pochopa. K BHEIpPEHHBIM B CEIBCKO-
XO3SIICTBEHHYIO MPAKTUKY OTHOCUTCS mpenapar puroctumodoc, pa3padoTaHHBIH
Ha ocHOBe Qocharmodbmmmsupyromeii O6akTepun Agrobacterium radiobacter B
uHctutyTe Mukpobuonornu HAH Pecnyonuku benapycs (Buiabaduaym u mp.,
2008). [TomoOHbIe paboThl BenyTcss u B Tarapcrane. M3 pa3iuyHBIX THIIOB ITOYB
PecniyOnuku BbIZieNieHbI M30JAThI OakTepuii u3 poxoB Bacillus u Pseudomonas,
CIIOCOOHBIE  TIEPEBOJAUTH TPYAHOAOCTYIHBIE OpraHuyeckue (HYKJICHHOBBIC
kucnothl, putuH) u Heopranuwdeckue (Caz(POs)z, AIPOs, FePO4) coenunHenus B
JOCTYMHYIO Uis pacTeHuid Gopmy. B pesynbprare OMOIOTHYECKON AESTEIbHOCTH
pa3HBIX MTaMMOB HakorieHne ¢dochopa B pacTBOpe, COAEPXKAIIEM B KadyeCTBE

cyOcTpaTa HeopraHuueckwe W opranudeckue Qocdarsi, B mepecdere Ha PyOs
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coctaBisger B cpenHeM oT 250 mo 320 wmr/m  cpemwl. s arposkocucreM
3aIUMIEHHOTO TPyHTa CO37aH KOMIUIEKCHBIM OwomnpenapaT Ha OCHOBE
docharmoommmsyronux Oaxtepuii (Bacillus polymyxa, Pseudomonas stutzeri).
Bnecenune nedochopunupyromero cooOmiectBa B TEIIMYHBIM  TPYHT B
MPOU3BOJICTBEHHBIX yCIOBUSX B KadeCcTBe OWOYIOOpEHHsI CIIOCOOCTBYET

YBEIIMYCHUIO TIOIBHXKHOTO (pochopa B rpyHTe Ha 44—48% (3axaposa u ap., 2006).

CymecTByIOT Mpenapatsl Ha OCHOBE (pocharMoOUIM3UpyroMuX OakTepuit
Agrobacterium radiobacter (Bunmpadaym u ap., 2008). HauGonbmmii uHTEpEC
MPEACTABIISIOT OAKTEPHUH, CIIOCOOHBIE K CUIIMKAa3HOU U pocdaTazHOil aKTUBHOCTH.

MuKkpoopraiusmsl, pa3pylIaOINe TOPHbIE MOPOJAbI, JABHO HW3BECTHBI
uccienosarensiM. [lo cnocoOy mutanus — 310 rereporpodsl. OHU Yy4acTBYIOT B
npolieccax BBIBETPUBAHUS KOCBEHHBIM 00pa3oM, o00pa3zys KHCIbIE MNPOIAYKTHI
CBOEro MeTabonM3mMa — OPraHMYeCKUEe WIM HEOPTaHWYECKHE KUCIOTHI, MEPEBOS,
TaKUM 00pa3oM, HEPACTBOPUMBbIE KOMIIOHEHThI CKaJbHBIX MOPOJ B PACTBOPUMbIEC
COEMHEHUSI, BHIMBIBAEMbIE BIIOCIEACTBUM JTOKAEBBIMU Ocaikamu. Jlydiie Bcero
CUJIMKATHBIE OaKTEepWH KyJIbTUBUPYIOTCS HAa Cpelax C TMOJEBBIM IIIMAaTOM |
ouotuTomM, MoOMIM3ys dochop HW KaIM K3 ITUX MHUHEPAJIOB A
onocuHTeTHYECKUX 1enei (Boikos u mp., 2007).

CunukaTtHble OaKTepUM BCTPEYAIOTCS Ha TMOBEPXHOCTU CKAJIbHBIX MOPOJ,
JUIIAWHUKOB, MXOB M BOJOpOCIiel. B mouBe Takme OakTepuu KOHIEHTPHUPYIOTCS
Ha MOBEPXHOCTH KOPHEH, MOJIy4yasi OCHOBHOW MOTOK yIiepoJa B BHJIE KOPHEBBIX
HKCCYAATOB OPraHUYECKO Mpupobl. B mouBe KOJTUYECTBO CHIIMKATHBIX OaKTepuid
moxeT pocturath 10° xi/r. Takoe e BBICOKOE YHCIO OOHApYKUBAETCAd U Ha
MOBEPXHOCTU BOJAOPOCIEH, 4YTO CBA3aHO C HX NOTPEOHOCTSAMH B TOTOBBIX
OpraHuYecKHx BemiecTBax, kak rereporpodoB ([IpakTukym 1Mo MHUKPOOUOJIOTHH
..., 2005).

BrnepBbie unctas KynbTypa OakTepuid, pa3pylIaloNIMX aJIIOMOCHIIMKATBHI U
BBICBOOOXKIatomas kanuid, Opia BeimeneHa B 1939 rony B.I.AnexcaHnpoBeiM U
Ha3BaHa CWJIMKAaTHbIMU Oakrepusimu  (Anekcannpos, 1953; Aunekcanapos,

TepHoBckas, 1968). B cuctemaTrueckoM OTHOIICHUM OaKTepus ObLIa ompe/eicHa
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kak Bacillus mucillugenosus. 3rto cmopooOpasyiomias  KyJbTypa  C
MOIITHOW KarCyJoW MonmcaxapuaHoul mpupoasl. Kak rerepoTpodHas KyabTypa,
Ta Oalmiia MOXET MCHOJb30BaTh PAa3IMYHbIE WCTOYHUKHU YIJIepoja: caxapa
(apabuHO3y, TIIOKO3y, KCUJIO3y, caxapo3y, MaibTO3y, IEKCTPHUH, Kpaxmal) u
CHUPTHI (TIULEPOJ, MAaHHUTON). [Ipy acCUMMIISIIUM HEKOTOPHIX MCTOYHUKOB —
IJIFOKO3bI, KCHJIO3bI, MaJbTO3bl — IMPOUCXOAUT OOpa30BaHME KHUCIOTHI, 32 CUET
KOTOPO HaOJII0/IaeTCs pa3pylIeHUE aFOMOCHIIMKATOB U OCBOOOXKIAaeTCsl Kajauil u
KpeMHH. KpeMHuil mocTynaeT B KJIETKH 3THX OAKTEpHil B BUAE aHUOHA CHIIMKATA
uiu B QopMme coeauHeHUs ¢ (PochOrIUIICPUHOBBIM alIbACTHAOM M YaCTHYHO
CBSI3BIBAETCS Yepe3 aToM a30Ta ¢ OelKkaMH, aMUHOKUCIOTaMU U aMUHOCaxapaMu, a
TaKKe C yrieBojamu mocpeAcTBoM oOpazoBanus cBsizu Si—O-C (KosjecHukos,
2001). [Tpu TOM MOKa3aHO, YTO MUHEPATBHBIN KapKac M3 COCAMHECHUN KPEMHUS
paspyliaerca IMoJ, JICUCTBUEM CHUJIMKATHBIX OakTepwil 3a CYEeT HX CIu3el u
dbepMeHTOB, Mo o0ImKM Ha3BaHueM — cuiankasza (Camconosa, 2005). OxHako B
YUCTOM BHJI€ OTU ()EPMEHTHI HE BBIJICIICHBI.

Utak, cunukatapie OaKTEPUH — ATO KYJIBTYpPhl MUKPOOPTAHU3MOB, KOTOPHIC
MOTYT U3BJIEKaThb M3 KPEMHHMUCOJEp)KAIlMX MHUHEPAIOB, B YacCTHOCTH,
ATIOMOCWJIMKATOB, Kanui, ¢dochop W KpeMHUH Kak 3a CYET MPsSMOTO
(dhepMeHTaTUBHOTO BO3AeHCTBUS ((pepMEHTa CUIIMKA3bl), TAK U 3a CYET KOCBEHHBIX
IPOLIECCOB  TMOAKUCIEHUS  CpPeabl M COOTBETCTBYIOLIETO  XUMHUYECKOIO
BbIBeTpUBaHUs. K KOCBEeHHBIM MEXaHM3MaM MOKHO TaK)X€ OTHECTH O0Opa30BaHUE
KOMILJIEKCHBIX ~ COEJAMHEHWH ¢ mojucaxapujaMd M, B  YaCTHOCTH, C

noJjmcaxapunaaMm, KOTOPBIC COCTABIIAOT OCHOBY KalICYJI CUJIMKATHBIX 6aKTepHﬁ.

B kadecTBe OakTepUalIbHBIX MpeHapaToB Jisi MOOWIM3ALMH KPEMHUS U
KaJIisi, B HACTOSIIME BpeMsl UCHOIB3YIOT «KpeMHeOakTepuH», OCHOBY KOTOPOIO

coctaristtot mrrammbel Bacillus mucillugenosus (Camconosa, 2005).

Opnako eni€ MHOTHE BOIIPOCHI IO MPUMEHEHHUIO OaKTepUaIbHBIX yI00pEHUI
HEJOCTAaTOYHO M3y4eHbl. B wacTHOCTH, J103blI MpemnapaToB, CIIOCOOBI U CPOKU HX

INPUMCHCHHA, COBMCCTHOC HMCIIOJIb30BAHHUC M AOPYIHUC ACIICKTbI, CBA3aHHBLIC C
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BIIMSIHUEM BHOCHMELIX IIP€IIapaToB Ha HU3MCHCHHEC CTPYKTYPhI MI/IKpO6HBIX
C006I]_ICCTB INIOYB U T'PYHTOB M COOTBCTCTBYIOIICC M3MCHCHHC HAIIPABJICHHOCTH
MI/IKp06I/IOJ'IOFI/I‘{CCKI/IX IMpOoLECCCOB. HpO,ZIOJI)KaI-OTC}I pa6OTBI 110 BBIACJICHHUIO HOBBIX

mTaMMOB 3(P(HEKTUBHBIX MUKPOOPTAHU3MOB.

Yacmoma enecenus npenapama. AHTaroHUCT MOCJE€ HHTPOLYKIMH, Kak
NpaBUjO, JIMIIb HEMpPOJOJDKUTEIbHOE BpeMs 3aHMMaeT JIOMHHHUpYIOIIee
noJio’)keHne M ObicTpo morubaer. Bo mMHOrmx ciydasx Huzkas 3()QexkTUBHOCTDH
npernapaToB  TpeOyeT TMOBTOPHBIX 00paboTok  pacteHuil. CylecTBEHHOE
NOJaBJIICHUE pa3BUTHE OOJE3HM HAOIIOJAIOCh TOJIBKO TOCTe JIBYKPAaTHOM
oOpabotku [EBcees, 2004]. Ha ocHOBE OIBITOB PYCCKUX YYEHBIX CIEJIaH BBIBOJ,
yro yxke B 1mepBble 10 CyTOK HMHKyOalMM MHUKpPOOPTraHU3MbI-aHTArOHUCTBI
OKa3bIBAIOT CYIIECTBEHHOE BIUSHUE Ha IUIOTHOCTh TMOMYJSIHH Tpuda-
¢uTonaroreHa. AHTArOHUCTHI MOJABIISUIM TOMYJISINIO, BBKUBAIOIIYIO B T€UCHUE
NEPBBIX 7 CYTOK Ha TIOCTOSTHHOM YPOBHE IIJIOTHOCTH B KOHTPOJIE, M HE BIMSIU Ha

JMHAMUKY TIOMYJISIUY, THOHYIIEH ¢ MoMeHTa Hanecenus (Kaipko u ap., 2000).

OnbIThl, MPOBEACHHBIC IN VItr0, mMoOKa3aJd BBICOKYI0 W CTAOMIBHYIO
akTHBHOCTH InTammMa B. subtilis M 51 npoTuB ¢uTONaTOreHHBIX U CanpOPUTHBIX
rpuboB. B wacTHOCTH B O0phOE ¢ BO30yauTeneM (y3apuosza reo3auku Fusarium
OXYSPOrum 4YepeHKHU Iepel MOCAAKOM MHOKYJIMPOBAIIA CYCIEH3UEH, COAEPKAIIEH
B. subtilis M 51. B Teuenue 35 naHA mOCiAe MOCAAKH KOJOHUH OakTepuu
NPUCYTCTBOBAJIM Ha BCEX KOPHSX, OJHAKO B JalbHEWIEeM HabOmoganu ObICTpoe
YMEHbILIEHUE YMClia KOPHEH, 3aCeIeHHBIX 3THUM MHKpoopranusmom. U yepes 90
JHeW WX J0Js B oOlleM KojaudecTBe KOopHed cHu3uiach 10 10-20%. Pacrenus,
obpaborannsie B. subtilis, coxpansuin ummyHnuTeT K (hy3apruo3y B TeueHue 60 qHei
nocine nocaaku. llepuon oT Hayana yMEHBIICHHUS CTETIEHU KOJOHM3AIMM KOpHEH
B. subtilis 1o mepBbix npu3HakoB rudenn pacteHui oT ¢y3apuosa coctaBua 30
aHer. ['mcronormyeckui aHanu3 IOKa3al, 4YTO Hayajo 3apa)X€HHUs KOpHEH
by3apno30M TPUXOAUTCS HA TMEPHOJ, KOrja IUIOTHOCTh AHTAarOHUCTUYECKHX

MHKPOOPraHM3MOB Ha KOpHsAX cHkaercs Ha 20-30%, 4To mo3BOJIMIIO CHENaTh
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BbIBOM, 4To B. subtilis sddexTrBHa TOMBKO B TOM Cciydae, Korjma €ro

3acesieHo He meHee 80% kopreit (Filippi et al., 1987).

Vayuwenue ycnoeuii 0ns ecmecmeenHo2o MUKpOOHO20 coobwecmea u
axmusayus anmazonucmos. OIUH U3 TMyTel YNpaBiIeHUS MUKPOOUOIOTHYECKUMU
npoleccaMu — YIydllleHWe YCJIOBUH cpeabl oOuTaHusi. M3BeCcTHO, 4YTO cambIM
CYILLIECTBEHHBIM bakTopom, OTPaHUYMBAIOILIM pocT MO JISIIU A
MUKpPOOPTAaHU3MOB, SBJISICTCS ACPUIIUT MOCTYMHBIX I HUX OPTaHUYECKUX U
MUHEpaIbHBIX BEIECTB. BHEKOpHEBBIE MOJKOPMKU pacTeHUM a3otoM, dhochopom
U JIPyTUMU DJIEMEHTAMH MOTYT OBITh HWCIIOJIB30BAHBI IS IEJICHAMPABICHHOTO
pEeryJaupoBaHus COCTaBa U JUHAMUKHU KOMIUIEKCA AMU(GUTHBIX MUKPOOPTAaHU3MOB.
OaHako K TakuM MOJKOPMKaM, OCOOEHHO a30THBIM, CIIEIyeT MOJIXOIUTh
OCTOPOHO, TaK KAaK TMOSIBJICHUE JIOMOJIHUTEILHOIO HWCTOYHMKA MUTaHUS Ha
MOBEPXHOCTU JIUCTHEB MOXET CTHUMYJIUPOBATh pa3BUTHE (PUTOMATOrNEHHBIX
MUKpoopranu3moB. [lo-BuauMomy, crienuaaucTaM eme NpecTOMT YCTaHOBUTD, B
KaKoe BpeMs U KaKyl0 CKOPOCTb MOCTYIUICHUS TUMHUTHPYIOIIETO cyocTpaTa HyKHO

CO3/1aTh B DKOCHCTEME, 4TOOBI akTHBH3HMpoBaTh aHtaronucroB (Gueldner et al.,

1988).

Opuenmayus Ha ycuieHue cmabuauzupyioujeco omoopa. bonpioe 3HaUeHUE
B HapacTaHUM BPEJAOHOCHOCTH psAa 3a00JIeBaHUN MMEIOT OIepekKaroIie
U3MCHEHHsT B OWONOTHM BO30yIWTENEH, CBS3aHHBIE C TOBBIIICHUEM WX
IUTACTUYHOCTH, AaJaNTUBHOCTH W TIATOTCHHBIX CBOWCTB, M OOYCJIOBJICHHBIC
JEHCTBUEM €CTECTBEHHOro oTOOpa. B arporeHo3ax HaOmromaeTcsi mpeoOiananue
HAIpaBIEHHOTO OTOOpa HAaJ CTAOWIM3HPYIOIIMM, YTO JJIA TATOTCHHBIX BHUIOB
NPUBOIUT K HAKOIUICHWIO HawboJiee arpecCHBHBIX IMTaMMOB. OCHOBHOW IyTh
cTaOuiIu3anuy TPUOHBIX MOMYJSAIHA — CO3JaHHE MaKCHMAaJIbHO BO3MOKHOTO
pa3HOOOpa3usi B arpoleHo3ax, B TOM 4YHCIE pa3sHOoOpa3usi aHTaroHHWCTOB
¢dbuTOonmaTOreHHBIX BUAOB B (prummocdepe pactenuid. J[onomHuTeIbHO HEOOXOIUMO
N0OMBAThCA TEHETHYCCKOW TIeTEPOreHHOCTH IMapa3sUTHYCCKOW MOMYJISIUA |

CHWXCHHA CKOPOCTH €€ pOCTd, TaK KaK 4YCM BbIIIC YHUCIICHHOCTH BPCIHBIX
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06’I>CKTOB, TeM OOJbIIIe YCKOPSAIOTCA  OBOJIIOIMOHHBIC ImpouecCcol B nux

nomysiiusix (JIpsxoB, 1998).

% % %k

AHaM3 JUTEPATYpHBIX HMCTOYHMKOB MOKAa3aJl, YTO BONPOCHI INHUTAHUS
pacTeHUil B KOHTPOJUPYEMBIX YCIIOBHSX 3aIUIIEHHOTO TPYHTa — 3TO CJOYKHAS
o0nacTh HUcCClenoBaHUM (UTOCHCTEM, JIeXKAIIUX Ha CTHIKE HAyK arpOXUMHH,
bu3noNoruM pacTeHUd U MUKpOOHONOTHU. B OTIHEnbHBIX pa3fenax IJIaBbl Mbl
paccMaTpHUBaIM: BIMSHUE OCHOBHBIX 3JIEMEHTOB IUTAaHUS HAa POCT U PA3BUTHE
pacTeHuid, BIMSHHE KPEMHUS Ha YCTOMYMBOCTh PACTEHUU K (QUTOMATOreHam.
[TogpoOHO paccMOTpeHO MHOTO(PYHKIIMOHAIBHOE ACHCTBHE KPEeMHUNCOAEpKAIIINX
yInoOpeHul Ha CeIbCKOXO3AMCTBEHHbIE PACTEHHs, MPOCTOTa U YyIOOCTBO UX
NpPUMEHEHUsT B 3eMJIe/IeNIuM, OOoJiblllasi SKOHOMHUYECKas BBIFOJa — TIJIABHBIC
JOCTOMHCTBA 3THUX COEIWHEHHUW, PEKOMEHIYyEMbI€ aBTOPaMH MHOTOYMCIIEHHBIX
paboT u, 0e3yCIOBHO, 3aCITYKHBAIOIIHE 0COOOT0 BHUMAaHMS HccienoBareneil. B
pse OTEYECTBEHHBIX U 3apyOEkKHBIX IKCIEPUMEHTAIBHBIX CTAThsIX OTMEYAETCS
BaXXHOCTh 00SI3aTEILHOTO OIPEACICHUSI COJEP)KaHUs MOJBHKHBIX KPEMHHUEBBIX
COCAMHEHHUI TIpU aHAJM3€ pA3JIUYHBIX CBOWCTB MOYB, B TOM YHUCJIE, HX

arpOXMMHYECKUX U arpo(PU3NYECKUX XapaKTePUCTHUK.

Onnako octaeTcsi ¢1ad0 M3yYEHHBIM acCleKT HCCIEOBAaHMM, CBA3aHHBINA C
MOBBIICHUEM YCTOWYMBOCTA PACTEHUM 3a CYET ONTUMHU3AUMHA MHHEPAJIBbHOIO
MUTAaHUS W TOBBIIICHUH WX YCTOMYMBOCTH K (UTOMATOT€HAM, B YaCTHOCTH,

BJIMSIHUC KPCMHUA HA 3TOT POLCCC IJId ACKOPATUBHBIX KYJIBTYP.

MoxHo cdhopMyIupoBaTh  CICAYIOIIME  HAIpaBiICHUS  JTaJbHEUIINX

HUCCIIECIOBAHUU:

1) uzyuenue (HU3MOIOTO-OMOXMMUYECKUX MEXAHU3MOB JCHCTBUS KPEMHUS

Ha aKTUBHOCTb @HTOH&TOFCHOB;
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2) paspaboTka 3(G(OEKTUBHBIX M HSKOHOMHYECKH BBITOJIHBIX METOJIOB
MOJIYYCHUSI PACTBOPUMBIX (OPM  CHUIIMKATHBIX  YIOOpEHUH, COAepKaIIuX

AOCTYIIHBIC JJIA paCTCHI/Iﬁ COCAMHCHUA KPEMHUAA;

3) omnpexneneHue 103 W CHOCOOOB BHECEHUS KPEMHHHCOACPIKAIINX
ynoOpeHuit B COYETaHMM C OuompenapaTam, COCTOSIIMX U3  KYJIbTYp

MUKPOOPTaHU3MOB, KOTOPBIC O6J'IaI[aIOT CHJINKA3HOM aKTUBHOCTBIO.

JlaHHbIE O TIPUMEHEHWM OHOMPENmapaToB, KaK OSKOJOTHYECKH YHCTHIX
MPOJYKTax s O0phOBI ¢ pUTOMATOrEHAMHU B HACTOSIIIIEE BpPeMs CKYIHBI. Takum
0o0pa3omM, co3gaHue MOAOOHBIX OHOIpenaparoB HEOOXOAMMO U SKOHOMHYECKU
BbITOHO. OJHAKO OCTaeTCs MHOTO HEPENICHHBIX BOMPOCOB B 3TOH 00yacTu
3HaHusg. Ha Hamr B3riisi[i, OCHOBHBIC HAmpaBlICHUS AATbHEHIINX HMCCIICIOBAHUIMA
MOKHO C(HOpPMYJIHPOBATh B CICAYIONIMX MPUHIUNAX: 1) M3ydeHHE MEXaHHW3MOB
JEUCTBUS OMOJIOTMYECKUX arcHTOB Ha aKTUBHOCTh TMATOTEHOB; 2) pa3paboTka
3p(GEeKTUBHBIX W SKOHOMHYHBIX  METOAOB  TIONYYEHHUS  HWHOKYJIIOMOB
OMOJIOTUYECKUX areHTOB; 3) COYETaHHE OWOJIOTHYECKUX, ArpOXUMUYECKUX U
JIPYTUX METOA0B O0pbOBI ¢ 00sie3HSIMH; 4) YCTaHOBJIEHHUE ONTUMAIBHBIX CPOKOB U
YacTOThl TPUMEHEHHUS OMOJIOTMYECKUX areHToB; S) pa3paboTka CcrocoOoB
CO37aHusl OJArONmpHATHBIX MOYBEHHBIX YCJIOBHMA JJISi Pa3BUTHS OMOJOTHUYECKHUX

arc¢HTOB.
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I'naBa 2. O0beKTHI, NPOrpaMMa M MeTO/IbI UCCJIEOBAHUSA

Obvexmbl uccneoosanus. Jns pelieHus MOCTaBICHHBIX 3a/lad B MEPUOJ C
2004 mo 2012 rr. B BECEHHE-IETHUM Tepuoj OBUIO MPOBEACHO 12 OMBITOB
(IpOU3BOJCTBEHHBIC, BEr€TAIIMOHHBIE U MOJICTbHBINA) B YCIOBUSX 3alIUIICHHOTO
rpyHTa. CpeqHecyTouHble TEMIIEPATYPhl B MTOCIEIHUN MECSI] BEreTallui pacTeHUN
B TCILUIMIIC, MO JAaHHBIM aBTOMATHYECKOro caMmoImcia, cocraBun < 20° C -
KOM(OPTHBINA TeMIIepaTypHbIN pexkuM i1 po3. B 2010 r. 3ToT mokaszatens ObLT
32° C u pacTeHUs UCHBIThIBAIN TEIJIOBON MIOK (OmbIThI Ne3 u 9), T.K. A pO3bl,
oTHocsIeHca K pacTeHUsIM ¢ C3 (OTOCHMHTE30M, ONTUMAJIbHAS TeMIepaTypa A
KU3HENCATEIBHOCTH cocTaBisier 15-25° C, ¢ pocToM ke TeMIepaTypbl BO3yXxa
oosiee yem Ha 10° C pacTeHHs UCIBITHIBAIOT TEIJIOBOM cTpecc (Po3wl B Temuiax,
2003).

N3 6onee 50 copToB po3, BBIPAIIUBAEMBIX COBX030M «YIIbSHOBCKUI, NS
HAIIUX HMCCIEAOBAHUN OBLIM OTOOpaHbl YEThIpe cOpTa (PPaHIly3CKON CeleKIUU
dbupmer Meilland. Dto aBa copra mpabdosbix (crpeit) po3 — Mimi Eden u Flash
night u aBa copra yaiino-ruOpuaHbIX po3 — Lovely Red u Dynastie Piccard (ta0u.
2.1).

Kak BumHo u3 Tabmuupl 2.1, caMbIM HEYCTOMYUBBIM K MHUKPOMHUIETHOM
uHpexuu O0b1 copt Mimi Eden. Jluctest 3TOro pacTteHHs MCHOIB30BAIU IS
BBIICTICHUS] 3K3a- M OSHIAOMHUKpPOOOIIEHO3a. 3aTeM TECTHUPOBaIM Ha 3TOM
COO0IIECTBE MUKPOOPTaHU3MOB JIeHCTBUE (DYHTUIIMIOB, MPUMEHSIEMbIX B TEILIUIE
(I'maBa 6).

Copt Flash night ucnonp3oBaau B ompITax ¢ BHECEHHEM B TOP(HOTPYHT
IUMaTOMUTa W OakTepuaibHbBIX mpenapaToB (onbiTel Ne6, 8 u 9), oH cambli
YCTOMYMBBIA K 3apa)K€HUI0 M3 OTOOpPAHHBIX COPTOB, HO 3MMOH €ro JIUCThA
MCTOHYAIOTCS, LIBETHl CTAHOBSITCS MeEJbU€ M KYCThl HIXKE, YTO HPUBOJIUT K
BCIIBITIIKE 3a00JICBaHUH B YCIOBUAX 3aKPBITOTO TPYHTA.

Copt Lovely Red, xak Bce waiHO-rHOpHIHBIC COpTa, MajOyCTOWYHB K

UH(DEKIUAM, Ha paCTEHUAX 3TOTO COPTA XOPOLIO BUIHO MOJOKUTEILHOE JEHCTBUE
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(donmapHOl U KOPHEBOW 00PaOOTKH PACTCHUN PA3IMYHBIMH HHIAYKTOPAMU (OIBITHI
Nel-5, 10). Kpome Toro, B BEIOOpE 3TOT0 COpTa UMENIO 3HaYeHHe, 4To copT Lovely
Red — oiuH M3 MATH JTUAEPOB MPOAAK B COBXO3€ « Y IbSTHOBCKUIY.

Copt Dynastie Piccard wucmonp3oBanin B ombiTax Nell m Nel2 (mms
pa3pabOTKH METOJa YKOPEHCHHs), TaK KaK OH CYHMTAeTCS CaMbIM ILIOXO

YKOPEHSIEMBIM U3 BCEX COPTOB (paHIry3ckoi cenekuuu (puc. 2.1, puc. [1.4 u puc.

I1.5).

Tabmuma 2.1. OCHOBHBIE XapaKTEPUCTUKH COPTOB po3 (IO JAHHBIM KOMIAHUU

Meilland)

CopT po3bl Mimi Eden Flash night Lovely Red Dynastie
Piccard
Pazmep nBeTka 2,5-3,5 cm 3-4 c™m 9-10 cm 6-10 cMm
Bricota kycTa 40-50 cm 70-80 cm 80-100 cm 100-150 cm
OTHOmEHNE K + +++ ++ ++
MYYHHUCTON
poce*
IBet Po3zoBaro- ITonocareii TemHo- Po3oBHIN,
OenbIii KPaCHBIU C KpaCHBIN MHOTJa C
OeJbIM IPOKUIIKAMHU
KonuuectBo 5-10 5-10 1-3 1
LIBETKOB Ha
cTebiie

*MakcumanbHasi yCTOHYMBOCTh K MyYHHUCTOM poce + + +

B ombITax nmpuMeHsIA pa3IudHbIe BUIBI TOP(POTrPYHTOB, COCTOAMUX U3 Topdha
MpOMBINLIEHHOro Tpou3BojacTBa (T) — TopdsiHONM mnuTaTenpHBIM CcyOcTpar u3
BEpXOBOro c(harHoBOro TOpha HUBKOW CTEMECHU PA3JI0KEHUs, W30BITOYHAS
KHUCJIOTHOCTh KOTOPOTO HEWTpaM30BaHAa HW3BECTKOBOM MYKOW, CMEIIAaHHOTO C

arpornepiauToM (MEepJAUT BCIYYEHHBINH) WM BEPMUKYJIUTOM. B OOJIBIIMHCTBE
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OMBITOB K HEWTpaibHOMY TOp(]y ObLIO 100aBIEHO KOMILIEKCHOE MHUHEpAIbHOE
ynoopenne «Kemepa-cynep» ¢ coornomennem N:P:K 11:24:24 B xommuectBe 1,5
kr/M® (pupma «Pycckuit Topd») (Tabn. 2.2), u arponepmut (IT). Arpomepaut
XapaxkTepu3oBascs BbICOKON nopuctocThio (70-90 %), HachimHO#M m1oTHOCTHIO 100
KI/M3, 36PHOBOMY COCTaBy 10 00beMy: 6osee 5,0 mm — 5 %, menee 1,25 MM — 8 %
(AnpeneBckuii 3aBoj Teriousaenuii). Mcrnonas3oBanu TOpOrpyHT B 0OBEMHOM
coorHomenuu (T:I1) 1:3 u TII ¢ moGaenenmem auatomuta (TII/), B oObeMHOM

cootHomenuu TII:[=500:1 (puc. 2.2).

. é Lovely Red

| Dynastie Piccard

Pucynox 2.1. @ororpaduu copToB po3, UCIOJIb3YEMbIX B UCCIIEI0BAHUSIX.

B ombiTax 1715 onpeneneHus ycIoBUM ISl 3eJIEHHOTO YepeHKoBaHUs (OmbIT Ne
11 m 12) npumeHsIM BEPMHUKYJIUT BCIYYEHHBIH, CIEAYIOMIET0 XUMHUYECKOIO
cocraBa: aByokuch kpemuus (SiO;) — 42%, okuchk maraus (MgO) - 23%, okuch
xene3a (Fe,O3) — 17%, okuch amomunus (Al,O3) — 13%, 3akucsk xenes3a (FeO) -
3%, Boma (H20) - 18% (mo mamubiM mpousBoautens: «CaHkt-IlerepOyprekas

Cmronsinas dabpuka») B cmecu ¢ Topdom u arponepiautom (TIIB). Tlepen
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BaKHaHKOﬁ OIIBITOB B I'pPYHTAaX OHNPCACIIAIN UX aIrPpOXUMHUUYCCKUC XaPAKTCPUCTHUKH.

JInst KaXK10T0 BEre€TallMOHHOTO OMbITa, MEPe]l €ro 3aKIaJKoN, CMENIMBAIN CBEKUN

TOPGOTrPYyHT.

Ta6nuna 2.2. ConepxaHue MOJABWKHBIX (DOPM NMUTATEIbHBIX BEIIECTB B

ynoopernn «Kemupa-cynep» (Ha cyxoe BEMIECTBO) MO JAHHBIM MTPOU3BOIUTEIS

«Kemupa-cymnep», coctan Mmr/100 r MT/J1
Ammonuiiaeii a3oT, N-NHy 135,6 149
Hutpatnsiit azor, N-NO3 26,3 29
docdop, P20s 291,0 320
Kamuii, KO 353,0 388
Kanpiuii, CaO 3987,0 4386
Maruuii, MgO 452,0 497
Keneso, Fe,O3 70,6 78

Pucynox 2.2. CmemmBanue rpyHTa — TOpG + MEPInT mepe; 3aKIaaKon

BCI'CTallMOHHBIX OIIBITOB.

YKOpeHeHue 4YEepeHKOB poO3, Mepell 3aKJIaJKOW BEreTalMOHHBIX OIBITOB,

IMPOBOJWIIN B ITCPMETUIHO 3aKPBIBAIOIHUXCA IMOJIMUITUICHOBLIX IMAKCTAX C 3aMKOM
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ZIP-LOCK pa3mepom 35%45 cm u ToammaoN 40 MKM, JIJTS 4€T0 3apaHee Cpe3aju y
B3POCJIBIX PACTCHHA HCCIEAYEMBIX COPTOB, PACTYIIUX B TEIUIUIE, YEPEHKH,
IauHOU 15 cM, ¢ 3-4 CIIOKHBIMU JTUCThSIMA M KOCBIM HUKHUM Cpe3oM. B makeTsl
HachIMajau rpyHT Maccoit 0,7 Kr U JOBOAWIIU €ro BiaaxHOCTh 10 80% IIB. 3aTem B
MakeT MOMEIIaId YePEHOK | 3ariyOiisiiu ero B TpyHT Ha 5 cM. [laker 3akpwiBau
3amkoM ZIP-LOCK, nomosHUTEIbHBIM TMOJUB Ha MPOTSHKCHUH BCErO0 CpOKa
ykopeHeHus: He mpousBoauian (Cyxas u ap., 20080). UepeHkH YyKOpEHSIIA B
teuenue 28-30 cytok (puc. I1.6 u puc. 2.3). Ilocne oOpazoBaHus KOpPHEU, BEChH
TPYHT C YEpPEHKOM, KOTOpbIi 00pa3oBaid KOpPHHU, MOJHOCTBIO MEPEHOCHIA B
BEreTallMoHHbIe cocyabl o0bemMoM 1,2 nutpa. Yepes 56-72 cyTOK BbIpalluBaHUs
YEpEeHKU B3BEUIMBAJIM, U3MEPSUIM IJUHY, pa3Oupaiv Ha BEreTallMOHHBIE OpraHbl
(yucthsi, cTebnu, kopHH), ukcupoBanu 10 muHyt npu Temmeparype 90° C u
BBICYIIIMBAJIA 70 BO3IYIIHO-CYXOTO COCTOSIHHS. [lanee B pacTeHUsAX Ompeessiv

COACPIKAaHNEC IMTNUTATCIbHBIX 3JICMCHTOB, OCJIKOBOI'O a30Ta U YTJIIEBOJOB.

Pucynok 2.3. YkopeHeHue yepeHkoB B makerax Zip-lock.
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OnHuM U3 KIIFOYEBBIX IMYTEW IMOBBIIIEHHUS CTPECC-yCTOWYMBOCTU PACTEHHIA
ABJIAETCS, IO-HAIEMY MHEHMIO, MCIOJb30BaHUE MHAYKTOPOB 3alUTHBIX CHUCTEM
pacTeHuii, TO ecTh (PaKTOPOB, AKTUBUZHUPYIOIINX €CTECTBEHHBIE CTPECC-3aAIUTHBIE

Mmexann3mbl pactenuii (Illakuposa, 2000).

NHaykTopoM MOXXET OBITh CiIaObId TPEANIECTBYIONIUNA CTpPECC, KOTOPBIN
UHAYLIUPYET YCTOMYUBOCTH K CTpecCy Apyroro tuma (Kpocc-ananrtaius). Cradbii
CTpEeCC MOXKET OBITh BBI3BaH HEOJIArOMPUATHBIMU (haKTOpPaAMHU BHEIIIHEH CpPEIbl, B
YaCTHOCTH, TMOBBIIICHHOW TEeMIEepaTypoi, pa3iudyHbIMUA (PaKTOpaMu XMMHYECKOU
npupozs (Sheng et al., 2006) u putoropmonsi (Illakuposa, 2000).

B kauectBe aOMOTHMYECKUX U OHUOTHYECKUX HWHIYKTOPOB 3aIlIMTHBIX

MEXaHU3MOB P03 ObLJIM BHIOPAHBI:
1. YeTblpe MHUKPOYIOOpEHUS, HEMOCPEACTBEHHO CBSI3aHHBIE C MMMYHUTETOM
pacTeHud — JAMATOMHUT, NPUMEHSIEMBIM Kak KpeMHUMHcoaepKalue yaoO0peHue
(MeXaHMYeCKOe YKpeIIeHHE KJIETOYHON CTeHKH), Oop (CHMHTE3 U CTpPYyKTypa
KJICTOYHON CTEHKU, META00JIU3M (PEHOIBHBIX COCAMHEHUN U T. [I.), ME€lIb U IIMHK
(Menb W HMHKCoAepxkamue (epMeHThl, (QYHKUUOHUPYIOIIHE B (POTOCHHTE3E U
JBIXaTEJIbHOM LIENH) U aHTUCTPECCOBOE BEIIECTBO — CAIMLMAIIOBAS KACIIOTA.

Kpemuuii BHOcWIM B BHAE aUaroMuTa HMH3EHCKOrO MeCTOPOXKIACHHUS,
pacteproro a0 myku (1), 6op B popme OOpHON KHUCTOTHI, MEJIb M IIMHK B BHUJIC UX
cyiabpaTHBIX cojeil. JluaToMuT — TMOpoAa OCaJ04YHOIO IPOUCXOXKICHUS
crneayromero xumudeckoro coctaBa: SiO; oom — 83,00%; SIiO; avoppn. — 42,00%;
Al;O5 - 5,82%; Fe,03 — 2,47%; FeO - 0,12%; MnO - 0,01%; CaO - 0,52%; MgO
— 0,48%; Na,O — 0,42%; K,0 — 1,25%; P,0s — 0,05%; SO3 oem. — 0,23% (Kanpanos,
2010).

2. Yerblpe OakTepHaIbHBIX TMpenapara, M3 CYCHEH3UH YHUCTBIX KYJIbTYp
OaKTEepHUI-AHTArOHUCTOB K MUKPOMUIIETAM, BBIJCICHHBIX HAMU M3 MPUPOIHBIX
OOBEKTOB: M3 JIEPHOBO-TIOJ30JIUCTON CPEIHECYTIMHUCTON MOYBBI, OTOOpAaHHOW Ha

YOI MI'Y «YHamnukoBo» (Kyierypa Ne 1), U3 cepoil JecHO cynecyaHou
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nouBbl (KyJabTypa Ne 2), ¢ MOBEPXHOCTH peyHoro mecka (kyiabrypa Ne 3), ¢
MOBEPXHOCTH TECKA a3pUPYEMBbIX MECKOJIOBOK OUYMCTHBIX COOPYXKEHUM (KyIbTypa
Ne 4). Tlocne cepum ucCleOBaHUN YCTAHOBJIEHO, YTO BCE KYJIbTYphl 0OJafaiu
a30T(PUKCUPYIOIIECH, XUTHUHA3HON U CUJIMKATHOW aKTUBHOCTHIO. [Ipu mpoBeneHun
psifga KyJlbTYpalTbHBIX W (DU3UOJIOTO-OMOXMMHUYECKUX TECTOB, a TAKXKE aHaan3a
KUPHO-KHCIIOTHOTO COCTaBa OMOMAcChl YHUCTBIX KYJIbTYp B CHCTEMAaTHUYECKOM
OTHOIIICHWM OHM ObUIM ompezesieHbl Kak: ouomnpernapat Ne 1 — Bacillus macerans
(BIT1), 6monpenapat Ne 2 - Bacillus circulans mramwm 1 (BI12), 6uonpenapar Ne 3
— Bacillus circulans mramm 2 (BII3), 6uomnpemapar Ne 4 — Bacillus sp. +
Corynebacterium sp. (bI14). B pabore nmpuMeHsUIM CYCHEH3UH YUCTBIX KYJBTYP
3TUX MHKPOOPraHu3MoB ¢ koHueHtpanueii 10° KOE/Mi1, npoBois CMBIB KOJOHUIMA
TUX KYJIbTYp C IMOBEPXHOCTH TBEPIOU cpelbl B yamkax [leTpu cTepuiibHbIM
dbu3pacTBOpOM U pa3z0aBiisisi CTEPUIHHONW JUCTUIUIMPOBAHHOW BOJIOW IO HY>KHOU
KOHIIEHTpaI1H.

Bce BbIOpanHbIe MHAYKTOPHI (KPOME KPEMHHS) BHOCUIN B TOPPOTPYHT WIIH
dbonmapHo uepe3 KaxIble IBE HeIeIu.

IIporpamma uccjiegoBaHuin

C 1enbl0 M3y4YeHHsS] BO3MOKHOCTH TMOBBIIICHUS MAaCCUBHOIO MMMYHHUTETA
dbonuapHbIM BHECEHUEM aOMOTHYECKUX WM OJIHOBPEMEHHBIM BHECEHUEM
OMOTHYECKMX W a0MOTHMYECKUX WMHAYKTOPOB, OblTa TpoOBeAeHA  cepus
BereTallnoHHbIX omnbITOB (2008-2012 rr.). I'pynT — TII, B 00B€MHOM COOTHOIICHUN
1:3, copr po3 — Lovely Red. ITocme 28 aHEBHOro YepeHKOBAHHWsS, PACTCHUS
nepecakuBaIM B COCYIbI 00beMoM 1,2 muTpa, MpOAOIKUTETHHOCTD OIBITOB TIOCIIE
nepecaaku — 65-70 cytok. PacteHus B cocyiax ycTaHaBiIMBajId Ha CTEIUIAXHU U
3aKpBhIBAIM OT OCTAJBHOM YacTH TEIUTMIbI MOJUATHICHOBOM IIJICHKOH, 4YTOOBI
WCKIIIOUUTH BIUSHUS 00pabOTOK (yHTUIIUIAMU, TPUMEHSEMBIX B TEILUIUIE (pHC.
2.4 u puc. I1.7). B onbiTax npumeHsiu GoIUaApPHYIO HATUKPATHYHO 00pabOTKY
pacTeHHl MUKPOYAOOpPEHUSIMU U  CaJUUMWIOBOM KHUCJIOTOM [0 IOJIHOTO
CMaYMBaHUs, KOHTPOJBHBIA BapHaHT — AWCTHUTMpoBaHHOW Bomou (Harr, Sinha,

1986; MenbaukoBa, 1988). [lepBriit pa3 — B JeHb IOCJIE MEpPECcajKu YEPEHKOB B
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CoCyabl, 3aTeM depe3 Kaxkiable ABE Hemenw. B ombite NeS — ogHOBpEeMEHHO ¢
¢donuapHoit 06pabOTKON pacTeHHil aOMOTeHHBIMH HHAYKTOpaMU B TOP(HOTPYHT
BHOocwin 1o 50 Mi cycnensun umctodi KyneTypbl Bacillus macerans (BII1) B
xoHueHTpamuu 10° KOE/mi.

OnHOBpeMEHHO ¢ 00paboTKamMH B KaXXIbl cOCya B TOP(HOTPYHT BHOCHIIU
o 100 mi cmecu Knona, conepxkareii (r/im): Ca(NOs),— 1,0; MgSO, - 0,25; KH,
PO, —0,25; KNO;-0,25; FeSO, - 0,05.

UepeHkn B3BEMIMBAIM TIEpPEe] HAYaJIOM YEPEHKOBAHUS W TOCIE YOOpKHU
OTbITa, OTMEUYAIM KOJIMYECTBO I[BETYIIMX PACTCHHHA W TPHU3HAKH 3apakKeHUS
pacTeHHii MHKpPOMHULETHOW HH(peKuuend. Jl036I BHOCHUMBIX MHUKPOAJIEMEHTOB
COOTBETCTBOBAJIM PEKOMEHIYEMBIM B CMECH MHUKpodsieMeHTOB Xormanaa: H3BOsz -
0,611, CuSO4 u 2ZnSO4 — 0,056 mur/n (ombiT Nel) um ABOMHBIM J03aM ATHUX
JIeMEeHTOB (OmBIThl Ne2-5), camuiuiaoBoi KUCIOTHI — 2mMmourst/n. [ToBTOpHOCTH

KaXXI0T'0 BaprHaHTa OIIbITa — ACCATUKpAaTHAsd.

Taomuma 2.3. Cxemsbl onibITOB Nel-3

Bapuants! onbiTa ®donuapHas o0paboTka po3

1. Kontpons (K) JAucTUANMpOBaHHON BOJOM

2.B PactBOpoM OOpHOI KUCTOTHI

3.Cu PacTBOpOM cepHOKHUCITON Meau

4.7Zn PacTtBOpOM cepHOKHCIOrO HUHKA

5.2 PactBopoM cMmecu OOpHON KHCIOTHI,
CEPHOKHUCIION MEU U IIMHKA

6. C/K PactBopoM  CanuMUMIIOBOM  KHUCJIOTHI
(Tosbko B onbiTe No3)

Taomuma 2.4. Cxema ormbita Ne4

BapuanTs! ombiTa donuapHas oOpaboTka po3

1. KonTpons (K) JuctuniupoBaHHON BOJOM
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[Iponomkenue Tabauupl 2.4

2.B PactBOpOM OGOpHO# KHCIIOTHI

3.C/K PacTBOpOM CcaMIIUIOBOM KUCIOTHI

4. B+C/K PactBopoM OOpHONW U CAJIMIMIOBOM
KHUCIIOT

5.Cu PactBopom cynbdata menu

6. B+ Cu PactBopom  OOpHOH  KHCIOTBI U

cysibhaToM Meau

Pucynox 2.4. BererarimoHHbIi OnBIT 110 (oJIMApHON 00paboTKe po3

MUKPOYAOOPEHUSAMHU U CATUIUIOBON KHUCIOTOM.

Tab6mauma 2.5. Cxema onbita Ne5

BapuanTs! onbiTa

O6paboTka

1. Kortpois (K)

®donunapHas o0OpaboTka

TUCTWLIMPOBAHHOM BOJOU

2. K+BI1

Brecenne 6akrepuanbHoro npemnaparta 1

B TOPGOTPYHT
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[Iponomkenue Tabauub 2.5

3.B donmapHas o0paboTKa pacTeHut 6opom

4. B+BII Bnecenue ouonpermnapara 1 B
topborpyHT u (QonuapHas o00padOTKa

pactenuii 6opom

5.C/K @Gonmnapnass  oOpaboTka  pacTeHUi

CAJIUIIAIIOBOM KHUCIOTOH

6. C/K+BII Gonunapnass  oOpaboTka  pacTeHui
CATMIMIOBONM KHCJIOTOM M BHECEHHUE

ouomnpenapara B TOpporpyHT

B temmuiie Nel coBxo3a VYIbSHOBCKMU OBLTM BBIJCICHBI JETSTHKH Ha
IpSAKAaX U HAa HUX, HAJIOKEHBI ONBITHBIE BapUAHTHI MPOBOJUMBIX UCCIEIOBAHUM
(ombIT Ne 6, 2008 r). Cxema ombiTa BKIIto4yana 10 BapuaHTOB, 2 KOHTPOJIBHBIX, U 8
BapUAHTOB C 00pabOTKOM (HOHOB KaXKAbIM M3 YETHIPEX OaKTePHAIbHBIX MpPErapaToB

C IMaTOMHUTOM U 6e3 Hero (puc. 2.5).

Pucynox 2.5. @ororpadus ombita Neb.
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Toabko uro monydenusie u3 Opannuu ot ¢pupmel Meilland yepenku copra
Flash night (Beicoroii 3-4 cm) BeicaxxuBanmu B rpsasl u3 rpyHTa TII. K xaxmomy
YyepeHKy Oblla MpOBeJIeHa cUCTeMa KareabHOTo mnosuBa. OneIT ObUT 3aJI0KEH C
Y4ETOM MOJHOW paHpoMmu3aiuu. Pazmep pensinok coctaBisul 100x40 cM, Kaxablil
BAapUaHT BKJIIOYAN 5 JENIIHOK, B KaXIOH JEISHKE Pa3MElaloch 8 pacTEeHUU.
Takum 00pa3om, Kax bl BAPUAHT ONbITa BKIt0Yas 40 pacTeHui JUisl X aHaIu3a u
5 moBTOpHOCTEHN JUIsl aHanu3a rpyHTa. [lepen mocankoil yKOPEHEHHBIX YEPEHKOB
Ha BapHaHTaxX ¢ BHECEHUEM JMATOMHTA, IPEnapaT BHOCWIH B JYHKY JJIS MTOCAIAKU
pacTEeHUl B KOJIMYECTBE 2 I'. HA OJIMH YEPEHOK. 3a 56 CyTOK IMPOBEACHUS OIbITa
ObUIO MpOBeneHO TpU 00paboTKK OaKTepualbHBIMU Npenaparamu 1no 50 M mon
KOPE€Hb PACTEHHUS: B MOMEHT 3aKJIQJKU OIbITa, yepe3 14 um 28 cyTok OT Havaia
onbiTa. OTOOP 00paA3IOB JUCTHEB U TPYHTOB HAa aHAJIM3bl U U3MEPEHHUE BHICOTHI

pactenuii npoBoauiiu uepes 7, 14, 28 u 56 cyTok mocie 3aKJIaJIku OmbITa.

Tab6muma 2.6. Cxema onbITOB Ne6, 71 9

BapuanTs! onbiTa O6paboTka

1.TII KonTtpomas 6e3 06paboTok

2. TTI+ 0 (TII) KoHTpons ¢ BHeceHHMEM B TOPGOTPYHT
JTUaTOMHUTA

3.TII+bII1 (TII1) Bnecenue B TopdorpyHT

OakTepuanbHOro npemnapara Nel

4. TII+A+BII1 (TIIA1) Buecenue B TOpQOrpyHT AMAaTOMHUTA U
OakTepuanbHOro npemnapara Nel

5. TI+BII2 (TTI2) Bnecenue B TopdorpyHt
OakTepuanbHOrO npemapara No2

6. TTI++bI12 (TIIA2) Bnecenue B TOphOrpyHT nuaToMuTa U
OakTepuaibHOTO npemnapara No2

7.TTI+bII3 (TTI3) Bnecenue B TOpPOrpyHT

OakTepuasbHOrO mpenapara Ne3
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[Iponomxkenue Tadauubl 2.6

8. TIT+A+BII3 (TIIA3) Bnecenue B TOphOrpyHT nuaToMuTa U
OakTepuasbHOro mpenapara Ne3

9.TII+bI14 (T114) Bnecenue B TopdorpyHT
OaxTepuanbHOro npenapara Ned

10. TIT+/1+BI14 (TI1/14) Buecenne B TOpQOrpyHT AMATOMHUTA U
OaxTepuanbHOro npenapara Ned

JUis  yTOYHEHHSI CTPYKTYpbl MHKPOOHOro coOOIIecTBa TPYHTOB U
MOHUTOpPUHIA €€ H3MEHEHHUsl TMOoJ| JeHCTBHEM OuornpenaparoB ObUI IPOBEIEH
MoaebHbI onbIT Ne 7 (2008 1.). OnbIT OBLT 3a7105KeH 0€3 pacTeHui B cOCyaax
ooveMom 250 mu. Topdorpynt TII u TIIJ (B cootnHomennu TII:J] 500:1) Obur
NMOMEIIEH B XWMHUYECKM YHUCThI€ IUIACTUKOBBIE KOHTEHHEphl, 00paboTaH
CyclieH3uel OaKTepuajbHBIX MpenapaToB 4 pasza uepe3 Kaxaple JBE HEACTH C
xoHuentpanueii 106 KOE/mn (50 ma cycneHsuu Ha cocyn), (JOHOBbIE BapHAHTHI
ObUIM TMOJMTBl TEM XK€ O0BEMOM AUCTHILIMPOBAHHOW BOJABL. Y BIAKHEHHbIE
KOHTelHephl momecTuid B Zip-Lock makersr, pasmMepom 35x45 cM, 3aTeM MMaKeThI
3aKpbUIM U BhAepkanyu npu Temmneparype 20-25 © C. Cxema onbiTa Bkmoyana 10
BapUaHTOB B TPeX MOBTOPHOCTSX, 2 KOHTPOJbHBIX (ponoBbIx) — TII u TII/, u 8
BapUaHTOB C 00Pa0OTKOM (POHOB KaKIbIM U3 YEThIpeX OaKTepUalIbHBIX MpEnapaToB
U STUMH XK€ OuompenapaTamMyd IMPH BHECEHUH B TPYHT AuaTomuTa (Tabdn. 2.6).
CopmepxaHnue BOJOpacTBOpUMBIX (opm kamusg, (ochopa © KpeMHuUs, u
YUCJIIEHHOCTh OaKTepuii, BRIPOCHIMX HA CUJIIMKATHOM cpeje, ONpenessui yepes 7,
14, 28 u 56 cyTtok mocne o0paboTKK OakTepHalbHBIMH Mpenaparamu. BapuaHTsl
ObUIM pa3MelleHbl PaHIOMU3HPOBAHHBIM MeETOAOM. Bce BapuaHThl oOIbITa

MEePUOIMYECKH TIOJIMBAJIMCH BOJIOIIPOBOJIHON BOJIOHN, MOAEPKUBasi BIaKHOCTh 60-

70% IIB.

I[J'I?[ BBIITOJIHCHHUA ITPOTPaAMMBI HCCJICIOBAHUI IMPOBCACHBI BETCTAIMOHHLIC

onbIThl Ne 8 u Ne 9 (2009 u 2010 rr.), yTO MO3BOJMIIO UCKIIIOUUTH BHECEHHE B
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TOPPOTPYHT AOMOTHUTEIBHOIO MUHEPAIBHOTO MUTAHUS Yepe3 KanelabHbI MOJIUB,
KOTOPOE TOJaBajIOCh aBTOMAaTUYECKH, B3BECUTh KOPHU TOCJIE OKOHYAHUS ONBITA U
OTCJIEIUTh MPOLECCHI, MPOXOAsIIUe B CTEONAX, IBETaX M KOPHSAX PACTEHUH BO
Bpems Beretanuu. KonnuectBo 00paboTok OwuompenaparaMud TPyHTOB B
BEreTAIIMOHHBIX OIBITAX — 4YEThIPEXKpaTHas, uepe3 KaxAble JBE HENeIH, B
komudecTBe 50 MJI, ¢ KOHLEHTpaluedl 4McToil KynbTyphl B cycrnensun — 10°
KOE/mn. JIBa rpamma J0JlOMHUTa BHOCHJIM B TPYHT KaXIOTO COCyaa Tepen
nepecagkoil B HUX YKOpeHEHHOro depeHka coprta Flash night. Kaxmerii BapmanT
cocros1 u3 10 moBTOpHOCTEH. Cxema ombiTa Ne8 Bkitoyana 6 BapHaHTOB:
KOHTpOJIb 0e3 BHeceHus: nuatomuta — TII; TopdorpynT ¢ nuatomurom — TIIJ u 4
BapuaHTa — TOPGOPIYHT C JUATOMHUTOM W 4 OakTepuUalIbHBIX Mpernapara (Tadn.
2.7). Cxema ombiTa Ne9 Brimouana 10 BapraHTOB, 2 KOHTPOJbHBIX ((poHOBBIX) — TI1
u TIIJ, u 8 BapuaHToB ¢ 00pabOTKOI (HOHOB KAXKIBIM U3 YEThIpEX OaKTEepHaIbHBIX

IpernapaToB U 3TUMHU ke OHonpenapaTaMy Mpyu BHECEHUU B TOPHOTPYHT TUATOMUTA

(Tabm. 2.6).

Taomumna 2.7. Cxema ombiTa Neg

BapuaHnTs! onbiTa OO6paboTka

1.TIT Koutpois 6e3 06paboTok

2.TTI+ 1 (TII) KonTponb ¢ BHeceHnem B TOP(HOTPYHT
IUaTOMUTA

3. TI+A+bIT1 (TIIA1) Buecenne B TOpQOrpyHT AMAaTOMHUTA U

OaxTepuanbHoro npemnapara Nel

4TI+ +bI12 (TI12) Buecenue B ToporpyHT nuatomuTa u

OaxTepuanbHOro mpemnapata No2

S. TI+A+BII3 (TI1A3) Buecenue B TOpQOrpyHT AMAaTOMHUTA U

OakTepuasbHOrO mpenapara Ne3
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[Tponomxenue TadauIb 2.7

6. TTI++bI14 (TI114) Bnecenue B TOphOrpyHT nuaToMuTa U

OaxTepuanbHOro npenapara Ned

Hns omnpenenenust 3ddextuBHOCTH GdoauapHON 00pabOTKH pacTeHUi
OakTepuasibHBIM TipenapaToM Nel B perynupoBaHUM MUHEPAIBHOTO MHUTAHUS,
ompeNeseH!s] YCTOMYMBOCTH HUX K (QUTOMATOreHaM U JUIsl PacCMOTPEHUs
U3MEHEHUHN SMUGUTHOTO U SHIOPUTHOTO MUKPOOHOTO COOOIIECTBA JHCTHEB U
MUKpOoOOIIeHO3a TopdorpyHTOB ObLT MpoBeaeH onbIT Nel0. Copt po3 Lovely Red.
OnwIT TIpOBENM Ha 4-X JIETHUX pacTeHUsX, pacTymux B rpyHre TII B 0ObeMHOM
cootHomeHuu 1:3. Kaxoe pactenue B OTIEIBHOM COCY/JIE, I/I€ BCE COCY/IbI ObLIH
MOJAKJIFOYEHBI K LEHTPAIIM30BAHHOM CHUCTEME KalleJIbHOTO IoJiMBa. IluTaTenbHbIN
pactBOp mojaBajics 5 pa3 B JeHb. COCTaB MUTATEIHLHOTO PAacTBOpa MO JaHHBIM
coBxo03a «YnpsHOBCKHI» (Mr/m): pH — 5-6; N-NH; — 42,0; N-NO3; - 114,0; P -
40,0; K — 213,0; Ca — 85,0; Mg — 32,0; S — 44,0; Fe — 2,0; B - 0,18. Omnpir,
3aJI0’KEHHBIM METOJIOM TOJHOM pPaHIOMHU3AIMH, COCTOST M3 JIBYX BapHaHTOB B
nsATd ToBTOpHOCTSIX: K — KOHTPOJb, OMPBICKUBAHUE KAXKIOM TMOBTOPHOCTU
BOJONPOBOJIHOM BOJOMW JI0 MOJHOTO cMaunMBaHus pacteHud; bIIl — Bce pactenus
¢ommapuo obpabarsiBanuck cycnensueil Bacillus macerans B konuenrpauuu 10°
KOE/mn, Takxe 10 nosHoro cmauuanusi. O6paboTKy pacTeHui MPOBOAMIIN pa3 B
nBe Hexenu. Bcero B Ttemnmuie ObUIO MpoBeneHO MATh 00pabotok. Kakmprii
BapUaHT ombITa cocTostm u3 120 pacrenuit (mo 24 pacTeHUs Ha TOBTOPHOCTb,
pa3Mep Kaxjou aensHku 20 M2). Bcero onbiT 3anuman 20 % mjomaay TEIUINIEL,
mo 10 % Ha kaxapldi BapwadT. [ MHKpPOOMONIOTHYECKOTO aHajau3a OTOOop
00pa3ioB JTUCTHEB (BEPXHUM MATHIA JUCT) U TPYHTOB, MPOBEIN HaKaHYHE MEPBOU
obpabotku (oTO0p 1), uepe3 aABe Hemenw mocie mepBod oOpaboTku (oTOOp 2) U
nocine nocieaHeit 06padotku (ot6op 3). OTOOP OCYMIECTBISUIA CTEPUIIBHO U IO

IIPOBE/ICHUS UCCIIEIOBAHUI MOMEIIAIM B MOPO3WIbHYIO KaMepy MpHU TeMIIepaType
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-18 °C.Yepe3 AeBATh MECSIEB C ITUX K€ BAPHMAHTOB OBUIM OTOOpPAHBI 0OpAa3IlbI

JIMCTHEB PACTEHUM U TPYHTOB JUIA ONPEACIICHUS YUCIEHHOCTH MUKPOOPTaHU3MOB,
npu 3ToM 00paboTka OakTepHalbHBIM IpenaparoM He MpoBojauiack. Ha Bcem
NPOTSDKEHUM  ONBITA  M3MEPSAIM  COIEpXKAHME B BO3AYXE  TEIUIHLBI
MUKpoopranu3moB 1o OwmenssHckoMy (AHukeeBa, Jlykomckasa, 1983), ¢
ucrnonb3zoBanueM IlurarensHoro arapa u cpensl Yaneka-{oxca (coctaB cpen
cmotpu B [lpunoxxenun, tabn. I1.3). Kaxasiii rog mepex Ha4aaoM OMbITa B U HA

MOMEHT 0TOOpa 00pa3IOB roAy MPOBOJUIN arpOXUMHYECKUI aHaIU3 TPYHTOB.

Jist  uccienoBaHusi CHOCOOHOCTH K YKOPEHEHHMIO YEpPEHKOB po3 IpH
NPUMEHEHUH OaKTepUaNbHOIO TMpenapara M WHAOIHIYKCYCHOM KHCIOTHI Ha
TOpQOrpyHTax C pa3HbIM COJIEp)KAHHUEM OpPraHMYECKOTO BeIeCTBAa ObLIU
NpOBEJEHbl BeretaliioHHbie onbiThl Nell wm Nel2 (2005 wu 2006 rr.,
cootBercTBeHHO). CopTt po3 Dynastie Piccard. Ha ocHOBaHMM MOJIy4EHHBIX
pe3ynbTaTOB BCE YEPEHKH I SKCHEPUMEHTAIbHOW pabOThl ObUIM YKOPEHBI MO
pa3paboTaHHON B 3TOM OIbITe MeToauke. [IpuMensiin Ouompernapar, KOTOPBIH
npeacTaBiasil cob0oil cycmeH3ur uuctoi kyabTypbl Alcaligenes sp., B
konuentpanun 107 KOE/Mn (marepuan misi yKOpPeHEHUs B TeueHwe 24 4acos
3aMayuBaIM B CYCIICH3WH, CoJiepkamieii Mukpoopranm3mbel Alcaligenes sp.) u
peryinsatopa KopHeoOpaszoBaHusi uHAaomwiMacisHyio kuciaory (MMK), B
konmnentpauuu 0,25% ¢upmer Alfa Aesar — oOpaboTka HHXKHEro cpesa
YEpEeHKOB pO3 CYXUM MpernapatoM (ONyJIpuBaHHUE) Tepen mocaakoi. Yucras
kynbrypa Alcaligenes sp. Obina BbIJeeHA paHee M3 KAaHBITH KOPOBBI H
INIPUMEHSJIACh U3-3a BBICOKOW XMTHHA3HOW aKTUBHOCTHU. 11 yKOpEeHEHUs
B OMbITaX ObUIM MCIOJB30BaHbI ABa IPYHTA, COCTOAILIME U3 TOpda, arponepiauTa u
BcrydeHHoro Bepmukynuta (TIIB), B 00bEéMHOM cooTHOmeHnn 5:4:1 u u3 Topda u
arponepnuta (TII), B o6bemMHOM cooTHOMmIEHUH 1:3.

YxopeHnenue TIPOM3BOIMIIN B TepPMETHYHO 3aKpPBIBAIOIIUXCS
MOJIMATUIICHOBBIX TakeTax ¢ 3amMkoM ZIP-LOCK mo metony, onrcaHHOMY BBIIIIE.

JmutensHocTh onbITOB — 30 CYTOK.
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Bereraumonnsiii onsiT Ne 11 Bkimtouan 4 BapuanTa B 4-X HNOBTOPHOCTSX.
Bapuantel ObutM  pa3MemieHbl  PAaHAOMH3UPOBAHHBIM ~ METOJIOM,  KaxKnas
MIOBTOPHOCTH BKJIFOYAJIa 5 MAKETOB C OJIHUM YEPEHKOM (B Ka)KIOM BapUaHTE OIbITA
ykopeHsuid 20 yepeHKoOB). YKopeHeHue mpoBoawid Ha rpyHTe TIIB (Tabn. 2.8 u
puc. 2.3).

Taomumna 2.8. Cxema BererarinoHHoro onbita Ne 11

BapuanTs! onbiTa O6paboTku

1.KonTponn UYepenku 6e3 00paboTKn

2. O6padotka UMK Cpe3 wuyepeHka Tiepesl YKOPEHEHHEM
onyapen UMK

3.00pabotka BII UYepenku 00paboTaHbl OaKTepHAIbHBIM
npenapaTom

4.06pabotka BII+-UMK Uepenkn o0paboTaHbl OaKTepHUATbHBIM
npenapatom 1 UMK

Bereraunonnsiii onbiT Ne 12, Bxirouan 4 BapuaHTa B 4-X MOBTOPHOCTSIX.
Bapuantel ObuM  pa3MelIeHbl  paHAOMHU3MPOBaHHBIM  MeTofoM. Kaxmas
HNOBTOPHOCTh BKJIIOYaJla 8 MAKETOB, C JByMs Ye€peHKaMu (B Ka)KJOM BapUaHTE
onbiTa yKopeHsuin 64 udepeHka). b ucnosb3oBanbel rpyHThl W3 TIIB u TII
(cxema ombITa MpejcTaBieHa B Tadauie 2.9).

Taomuma 2.9. Cxema BeretarinoHHOT0 orbiTa Nel2

BapuanTs! onbiTa O0paboTku

1.KonTposb rpyar  TIIB ¢  HeoOpaboTaHHBIMU

yepeHKaMu  (KOHTPOJbHBIA  BapUaHT

OTHOCHUTEJIBHO 00paboTaHHBIX
YEPEHKOB)

2. TPYHT TIIB c YEepEHKaMH,
00paboTaHHBIMU OaxkTepuaIbHBIM

npenapatom u onyapeH UMK
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3. rpyHT TII ¢ yepeHkamMu (KOHTPOJIbHBIN

BapHAHT OTHOCUTENIBHO 00pabOTaHHBIX

YEPEHKOB)
4. TPYHT TII c YEepEHKaMH,
o0paboTaHHBIMU OaxkTepuaIbHBIM

npenapatom u onyapen UMK

MeToabl ucciieI0BaHNS. ATPpOXHMHYECKHE XaPAKTEPUCTUKU TPYHTOB
onpenessii OOLIETPU3HAHHBIMUA METOJIaMU MPU COOTHOIIEHUHM TPYHT : BojAA =
1:10 (Ilpaktukym mo arpoxumuu, 2001; Merogudyeckue ykazaHuUs IO aHalu3aM
..., 1986). Conepxanue oOrmiero azora, Gochopa u Kaius B KOPHSIX, JUCTHIX U
CTEOJISIX PACTeHUN ONpEeNesUIM IOCI€ MOKpPOro o030jeHus 1o [uH30ypr B
KOHIICHTPUPOBAHHOW CEPHOM KHUCIIOTE C JO0ABICHUEM KOHII. XJIOPHOW KHUCIIOTHI B
kadecTBe kartamuzatopa: Nesn - Merogom Keenppans, KoO — Ha miamMeHHOM
doromerpe Flama FP 640, ®unmnsauaus, P,0s — konopumerpudecku mo JleHmke
Ha doTomerpe KDK-3-01 «30M3», Poccus. benkoBeiii a30T, mocie OCaKaeHUs
Oelika U MOKpPOTO 030JIeHUsI (PUiIbTpa B KOHLEHTPUPOBAHHOW CEPHOM KHUCIOTE C
100aBJIEHUEM KOHII. XJIODHOM KHCIIOTHI B KauyeCTBE KaTajiu3aropa — METOJO0M
Kbenpaans, yrineBoabl — pOTOMETpUUECKH ¢ MUKPUHOBOM kucioToil. Coaeprxkanue
KpPEMHUSI B TPYHTE M B pPACTEHHMSX M3 MOKPOTO O30JICHUS ONPEACISUIM IO
MOAU(PUITUPOBAHHON METOANKE (OTOMETPUYECKH IO OKPAMIEHHOMY KOMILIEKCY
CUHEH KPEMHEMOJUOACHOBON T'€TEPOIOJUKHUCIOTH C aCKOPOMHOBON KHCJIOTOH B
Ka4eCTBE BOCCTAHOBUTENSI AJIMKBOTY HCIBITYEMOIO pacTBOpa, coaepxkanryro 20-
100 MKr KpeMHHs, NMOMELIAIOT B MEPHYI0 KOJ0y BMecTuMOocThio 50 M u
T00aBISAIOT IUCTWIIMPOBAHHOW BoAbl A0 20-25 wu. IlomydeHHBIH pacTBOP
HeuTpam3yoT 1o (eronpranenny 10%-vpiM ammumakom u 1%-0if cepHOU
KHUCIIOTOM M MpuiuBaeM 3 M arietatHoro Oydepa. [lanee nodasmsitor 3 mi 4%-oro
pacTBopa mapamoiaubd1aTa aMMOHHUS, MEPEMEIIMBAIOT U OCTABJISIIOT Ha 15 MUHYT

1. 00pa3oBaHUsl JKEJITOW KPEMHEMOJIMOJICHOBOW T€TEPOIOIUKUCIOTHL. 3aTeM
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nocienoBareabHo NpuinBalOT 3 M 20%-0¥ BMHHOW KHUCHOTHL, 5 M 8%-oii
1IaBEJIEBOM KHUCIIOTHI, IEPEMEIIMBAIOT U JOOABIISIIOT B KAUECTBE BOCCTAHOBUTEIA 5
M 5%-0if  acKOpOMHOBOM KHUCIOTHL. JIOBOAST 10 METKH JUCTHIUIATOM,
B30AJITHIBAIOT M OCTABISIIOT Ha 40 MUH [Ji1 HACBIIIEHUS OKPACKH pacTBOpa
(oOpa3oBaHue CHHEH KPEMHEMOJUOICHOBOW TE€TEPONOJMKUCIOTH). W3mepstoT
ONTUYECKYIO TUIOTHOCTH pacTBOpa NpH ajuHe BOJHBI 790 HM. [ns moctpoeHus
KanubpoBouHoro rpaduka ucnonbzoBanmu ['CO 8212-2002 (Kupromus u 1p.,
2009). bop (ITamkeBuu, CnrocapeBckuii, 2009a), Mmeapr U UMUHK — TMOCJE CYXOIO
030JICHMSI B KBapIIEBBIX Yallkax (MpU O30JEHUU PACTUTEIILHOIO Marepuaia s
ompeneneHus: 6opa B Kaxayro yamky noodasmsuim 0,1 r CaO) u pacTBOpeHUs 307161
10 % HCL. Meapr u 1HUHK B TPyHTaX M PACTCHUSAX OINPEACsId aTOMHO-
afgcopOMOHHBIM MeTojoM Ha npudope AAS 30, ID'epmanus, Oop -

KOJJOPUMCTPUUICCKUM MCTOJIOM C KAPMHUHOM.

AKTHUBHOCThH KaTaja3bl U CyMMa OPTaHMYECKHX KHCIOT TUTPOMETPHUYECKH
(ITnemkoB, 1987), akTHBHOCTH acCKOPOATOKCHIA3bl M MOTUGEHOTOKCHIA3BI —
boTomerpruecku (PU3NOIOTHYECKHE U OMOXUMUYECKHE METOHI ..., 2000).

Muxkpo0Ouosioru4yecKue METObI HUCCJIeI0OBAHMS. s
MUKpPOOMOJIOTUYECKUX  HUCCIEOBAaHUM  TPYHTOB, pPAacTeHUH, BO3IyXa U
KyJIbTUBUPOBAHUS HEOOXOJUMOTO KOJIWYECTBA KYJIBTYP MHKPOOPTAaHU3MOB IS
00paboToK pacTeHU U TOP(HOrPYHTOB HMCIOJIB30BAIM CIEAYIOIINE CPEIbl: IS
OIpe/IeIIeHUsT YUCIIEHHOCTH MuKpoMulileToB — cpeay Czapek Dox Agar (cpena
Yaneka-Jlokca), Uil  KOHTpPOJSI  canmpoTpO(HBIX  aMMOHU(PHUKATOPOB U
NPUTOTOBIICHUST HEOOXOIMMOro KojudecTBa OuompemnaparoB — Nutrient Agar
(muTaTenpHBIA arap), Ul BbIpalIMBaHHs a3oTdukcaropoB — Azotobacter Agar
(cpena Duioun) mpowuseojctBa ¢upmbl Himedia, Muausa. [L1oTHYI0 MUTATCIBHYIO
Cpely IJisi CUJIMKAaTHBIX OaKTepHil, KyJa B KaueCTBE MCTOYHMKA CUJIMKATa KaJus
BHOCHIIM He(ennH, MPOBEPKY XUTHHA3HON aKTUBHOCTH HCIOJB3YEMBIX OaKTepHid
IPOBOAMIIM Ha Cpejie, Ie B KayecTBE OPraHMYeCcKOro BelllecTBa ObLI J100aBiieH

XHUTHH, TOTOBHJIN CaMOCTOSATCIIBHO B COOTBCTCTBHUHU C IIPOIIMCBIO (HpaKTI/IKYM I10
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MUKPOOUOJIOTHH ..., 2005). CocTaB muTaTeabHbIX cpell mpuBeneH B [Ipunoxenuu
(tabn. IL.3.). Bce paboTel C TBEpABIMH MUTATEIBHBIMU CPEIaMU IPOBOIMIN
yamieyHbiM MeTogoM Koxa u3 JecSTUKpaTHBIX pa3BeAeHUM B 3-X KpaTHOU

IIOBTOPHOCTH.

JUist onpenienieHus: YUCIEHHOCTH MUKPOOPTaHU3MOB B TPYHTAaX TOTOBWIIM U3
npo0 BOJHYIO CyCHEH3HUIO0 (COOTHOIIeHHE Boja : rpyHT = 90 mu : 10 1), 3aTeM
B30anThIBaIM Ha poTarope B TeueHue 10 muHyT. M3 monydyeHHON CycneH3uu He
oTcTamBas, OTOMpany 1 MJI M TOTOBWJIM TMOCIEAOBATEIbHBIC JECATUKpPATHBIC
pazBeneHus. M3 momOOpaHHBIX OMNBITHBIM IYTEM pa3BEICHUM MPOU3BOIUIH
noceBbl MeTonoM Koxa Ha TBepaple nutatenbHble cpeabl. (IIpaktukym mo
MUKpoOuojoruu..., 2005). IloBTOpHOCT, TMOCEBa U3 KaXJAOr0 pa3BeACHUs
TpexkpartHas. KylbTUBHpOBaHUE BelM B TE€YEHHE 5-7 CYTOK B TE€pMOCTATE MpHU
temriepatype 28°C. JlaHHBIC MO YHCICHHOCTH MHUKPOOPTAaHU3MOB BBIPAKAIU B

yucie KOE (xononneobpasyromux eAuHuI]) Ha 1 T BO3AYIIHO-CyXOM MOYBBI.

YucneHHOCTh SNUGUTHBIX U 3HIOPUTHBIX MHUKPOOPTAaHU3MOB OIpeNessuind
Ha TUIOTHBIX MUTATENBHBIX Cpelax, SMU(UTHBIX — JeNaal CMbIB ¢ Jnucta 10 mi
crepuibHoro ¢usuosornuyeckoro pacreopa (0,9 % NaCl), mob6apmsmu 90 wmu
CTepWIbHOW  JUCTWUIMPOBAHHOM BOABI, H3 O3TOrO0 pacTBOpa TOTOBWIU
JNecsATUKpaTHble  pa3BeneHus. llocme  cmbiBa ¢ jgucta  3OUQUTHBIX
MUKPOOPTraHU3MOB, JI1 ONPEICICHUS YUCICHHOCTH 3HIO(PUTHBIX, MPOBOIMIN
CTEpUJIM3AIMIO 3TUX JIMCTHEB KOHLEHTPUPOBAHHBIM IEPOKCHIIOM BOAOpOJa B
teyeHue 15 munyt (byrenko, 1999). Bpemsi crepunmuzanuu ObLIO YCTaHOBJIEHO
AMIUPUYECKUM IIyTeM. 3aTe€M JIUCT MPOMBIBAJIN B CTEPUIILHON JUCTUIUTMPOBAHHON
BOJI€, ACENTHUYECKH pacTupaiu B (paphopoBoii CTynKe 10 TOMOT€HHOTO COCTOSTHUS.
I'omorenat nomemanu B koyi0y co 100 mMi1 cTeprIIbHON AUCTUIIMPOBAHHOW BObI
U B30anThIBaNu Ha mpudope «\Vortex» 10 MuH., 3aT€M TOTOBWIU JIECITHKPATHBIC
pa3BeieHHs 17151 TOCEBA HA TUTATENbHBIE CPEIbI.

baktepun © MHKpOMULETHl HJIESHTUGUIHUPOBATN 1O KYJIbTypalbHBIM

CBOMCTBaM, MUKPOCKOTTMYECKOMY aHAIH3Y, (PU3UOJIOTO-OMOXUMUYECKUM TECTaM U
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HAa OCHOBAaHMM JIMIHJHBIX MapKepoB Ha Macc-crektpomerpe Microbial
Identification System (MIDLI.Inc., Newark, Del., Sherlock).

Jlist ompeneneHus: 4yBCTBUTEIBHOCTH BBIJEICHHBIX MHUKPOOPTaHU3MOB K
GbyHTUIMIaM MCHOJBb30BAIM METOJ IUCKOB. JlJis 3TOro OyMa)kHble CTEPHIIbHbBIC
JUCKW, TPONHUTAHHbIE  (DPYHTHIMIAMU  COOTBETCTBYIOLIEH  KOHIICHTpAIUH,
(B30anThIBJIM HA KadyaJke B TeueHUE 15 MUH.), BBIKJIAJIBIBAJIM HA MOBEPXHOCTH
yamku Ilerpy ¢ mnoceBoM Bo30yauTenss ra3oHoM. O YyBCTBUTEIHHOCTHU
BO30yauTeNs K QYHTUIUAY CYIUIM MO 30HE MPOCBETIICHHS (OTCYTCTBHSI POCTa)
BOKPYI' JIMUCKOB, CPaBHUBAas C KOHTPOJEM (JUCKM HE MPOMUTAHBI PACTBOPOM
byHrunuaa).

CoctaB  (pEeKOHCTPYHMPOBAaHHE)  MHUKPOOHOTO  COOOIIECTBa  TpyHTa
ONpENEIsUIM 10 MHUKPOOHBIM MapKepaM MOJIEKYJSPHBIM METOJOM Ta30BOM
xpomarorpadpun — macc-cnektpomerpun (I'’X-MC). Anamu3 npoBoguimm Ha ['X-
MC cucrembr HP-5973 Amxunent texnomomkuc (CILIA). CoctaB JAMIUIHBIX
KOMIOHEHTOB mpuBeaeH B Ilpunoxenun (tabn. I1.1). Meroxg mo3Bosser mo
XUMUYECKUM KOMIIOHEHTaM >KMPHO-KHCJIOTHOTO COCTaBa KJIETOYHBIX MeMOpaH
OakTepuii, B TOM 4HCIIE M AKTUHOOAKTepUW, U MHUKPOCKOIMUYECKUX TPUOOB U
MaTEeMaTHYEeCKOMY COOTHECEHHIO UX C UMEIONIMMCS OAaHKOM JaHHBIX 10 3TOMY
MOKAa3aTeNll0 ONPEAETUTh COCTaB U CTPYKTYpPY COOOLIECTBA MHUKPOOPIaHM3MOB
(Ocwumnos, 1993; Bepxosiuesa, Ocunos, 2008).

Jlns onpenenenuss konudectBa Jeryunx >kupHbIX KuciaoT (JDKK) npu
aHa’pOOHOM MeTaboJaU3Me MHUKPOOPIaHU3MOB TPYHTa MPUMEHSUIA (PIIaKOHbI
Bactec Plas Anaerobic/F, CIIA u anamu3 JDKK Ha razoBoMm xpomatorpade
Kpucramn-5000, Poccus.

BbiesieHHe 4YMCTBIX  KYJBTYP BO30yauTejeil  MHKPOMHIETHBIX
3a0oJieBaHMii B Temuiuue, ux uaeHtuukanus. [osydyeHue YuUCTHIX KYJBTYP
CynpeccopoB (0T JATHHCKOI'0 SUPprimo, suppressum — JaBUTh, MOAABJISITH) K
¢puronarorenam. MuUKpPOOMOJIOTHYECKMII AaHAJM3 YHCTOTHI BO3dyXa B
Temauuax. OOBEKTOM HCCIEAOBaHUS IS BBLACNEHUS UYHUCTBIX KYJIBTYP

(UTONATOT€HHBIX MHMKPOMMIIETOB ObUIM HMH(PUIUPOBAHHBIE JUCTh OOKOBBIX
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no0eroB U OYTOHOB PACTEHMH C CEpPhIM HEXHBIM BO3AYIIHBIM MHIIEIHEM (C
BUJUMBIMU TIPOSIBICHUSMUA MHUKPOMHIIETHOTO IMOPAaXEHUS, MO BHEIIHEMY BUIY
OUYECHb MOXOKEMY Ha MYYHHCTYIO POCY PO3) U 370POBBIX pacTeHUH (0€3 BUIUMBIX
IIPU3HAKOB MUKPOMHMIIETHOI'O MOpaykeHus1) po3 copta Mimi Eden (teruia Ne 104
u Ne 107).

Jlist uccnenoBanust rpuOKOBONl 00CEMEHHOCTU JIMCTHEB MPOBOIMIM TOCEB
COCKO0a CTEepHIJIbHOM MeTiel MTPUXOM Ha TBEpAble MUTATEIbHbIE Cpeabl Yarneka-
Hokca u [Tutarenpublii arap B wamku [letpu B IByKpaTHOW MOBTOPHOCTH (pHcC.
2.6). [anee, ¢ yamiek, MyTeM IOCJIEI0BATEIbHBIX MEPECEBOB, BBIACISIN YHCTHIE
KYJBTYpbl MUKPOMHUIETOB. TakCOHOMHUYECKYI0 NMPHHA]JICKHOCTh MPOBOAMIN Ha
Microbial Identification System (MIDI.Inc.,Newark,Del., Sherlock, USA). Dror
METOJT OCHOBaH Ha ONPEICICHUU >KUPHO-KHCIOTHOTO COCTaBa MeMOpaH
MUKpPOOPraHu3MoB. ['puObl 1 OakTepuu HAECHTU(UIUPOBATIN MO KOMMEPUECKON
6a3e nanubix (MIDI, Inc.) o6semom 1800 mTamMmoB.

[IpoBoamiii Takke MHUKPOCKOIWYECKUH aHAIW3 Ma3KOB YHUCTHIX KYJIBTYP
(6;marogapum 3a KOHCYJIBTAIMIO B 3TOM HccienoBanuu 1.0.H. O.E. Mapdenuny).

BusyanpHblli aHamM3 TOCEBOB HAa 4Yallkax ToKa3aj, 4YTO TPH BHIA
AMUPUTHBIX TPUOOB MOKHO OTHECTH K JOMHUHUPYIOIIUM. BbIieneHHble B YUCTOM
BUJIC MHKPOMHUIICTHI ObLIM wmaeHTHGuIMpoBansl kak Cladosporium castellani,
Exophiala sp., Penicillium sp. (puc. 2.7). CpaBHUTE/IbHBIA aHAN3 IMOCEBOB C
JUCTHEB OOJIBHBIX U 3I0POBBIX PACTEHHI MO3BOJIMII 3aKIIOYUTH, YTO 3a00JIEBAHUIO
COIMYTCTBYIOT TPH BHJa MHUKPOMHIIETOB, & Ha 3JI0POBBIX MOTYT MPUCYTCTBOBAThH
kak oaun Bua Cladosporium castellani , Tak u q8a Buma Cladosporium castellani u
Penicillium sp. Ha GonmbHBIX pacTeHHsX 00s13aTeIbHO nMpucyTcTByeT Exophiala sp.
(puc. 2.6). Takum oOpa3zom, sl pa3BUTHS 3200JICBaHUS HEOOXOAUMO MPUCYTCTBHE
YCTOMYHMBOTO MAaTOKOMILIEKCA, COCTOSIIIET0 W3 TPEX POJOB MHKPOMUIIETOB.
JlanHble TATOTEHHBIE TPHOBI HE SBISIOTCSA, MO KIacCH(PHUKAIUHU, MPUBEIECHHON
BbIIlIe, BO3OYAMTEISIMU Kakoro-nmuoo 3aboneBanus (cMm. ['maBy 1.2), mostomy B
nanbHeWmeM, OHO  OyzneT  Ha3bpIBaTbCs:  MHQUUIUPOBAHHWE  PACTEHHM

MHUKPOMHILCTAMM.
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ey M
Tena

Pucynox 2.6. [ToceB 3nM(pUTHBIX MUKPOOPTAaHU3MOB C MH(PHUIIMPOBAHHBIX U
310pOBBIX pacTeHuil Ha cpeny Yaneka-Jlokca, Termmna Nel104 u Nel107.

[IpoBeaeHO mpsiMOe MHMKPOCKOINMPOBAHHWE B KHUAKOM a30T€ JIMCTOBOU
MOBEPXHOCTU pO3bl copTa Mwumu DJeH Ha 3JIEKTPOHHOM CKAaHHPYIOLIEM
mukpockorne B uHcTuTyTe IOnuyca Kiona, r. KeemamenOypr, I'epmanus (puc. 2.8)
(6maromapum k.0.H T.H.bomsiesy).

JIs1 OLIEHKU CaHUTAPHO-3MUJIEMHUYECKOTO COCTOSIHUS BO3/AyXa B TEIUIUIE U
BbIICJICHNS] (DUTONATOTEHOB ObLT MCIIOJIb30BaH CEAMMEHTAIMOHHBIN MeToT Koxa —
OCHOBAHHBIM Ha OCEJaHUU MHKPOOPTaHU3MOB, B PA3JIMYHBIX TBEPJbIX YACTHUIAX U
KaIUISIX MOJ JEHMCTBUEM CHJIbI TSDKECTH HA MOBEPXHOCTU IUIOTHOM MHUTATEIBHOU
cpenbl B OTKpbITOM dyamke Ilerpu. OOBIMHO MNPOBOAAT Mepepacyer 1o
OMeNIHCKOMY: Ha IOBEpXHOCTh 100 cM? IIOTHOW Cpeibl OCENaeT 3a 5 MUHYT
TaKoe KOJMYECTBO OakTepuii 1 MUKpOMHIIET, kKoTopoe coaepxutcs B 10 1 (0.01
M%) Bosayxa. [locie oceaHus ¥ KyJIbTUBUPOBAHMS YaIIEK B TEPMOCTATE HPOBOIAT
pacyeT KOJNUYECTBAa KJIETOK B 1 M, yuuThIBas IUIOMAAh YalleK M KOIMYECTBO

BBIpOCIIMX Ha HUX KoJioHui (Herpycos, 2005).



Pucynok 2.7. Yamka Ilerpu co cpemoit Yanmeka-/lokca (Tpu poma rpudoB
BBI3bIBAIOIIME MUKPOMHUIIETHOE 3a00sieBaHue po3 B Teruuiie). 1 - Penicillium sp. 2

- Cladosporium castellani. 3 - Exophiala sp.

Pucynok 2.8. M3o00pakeHHe MOpaXCHHBIX JHUCTheB po3 copra Mimi Eden
MHUKPOMHUIICTAMH, CHATOE Ha AJICKTPOHHOM CKAaHHPYIOIIUM MHUKPOCKOIE MPSIMBIM
MUKPOKOIIMPOBAHUEM B KHJIKOM a30Te Ha Mukpockorne LEO-1430VP (Carl Zeiss,
I'epmanus) ¢ yBenuuenuem 300000.

B Hamieit paboTe MbI POBOAMIN MUKPOOHOJIOTUYCCKHI aHATIM3 BO3AYIIHOM
CpeIsl HECKOJNBKO pa3, B pas3HBIX TeIUUIax, Ha cpene Yameka-Jlokca wu

[MutatensHom arape (puc. 2.9 u puc.Jl.1). ITokazaHo cuiabHOE 3arps3HEHUE
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TEIUTMIIBI ~ MUKPOMHUIIETAMHU, T.e. CO3MaHBl YCJIOBHS M  TOCTOSHHOTO
MHKPOOHOJIOTHYECKOrO cTpecca A pacTeHuii (Ha Ilurarensnom arape KOE/M® —

103, na cpene Yaneka-J{okca, ot 10° 1o 104).

4 BOYIYXa B Tenauue No |,
epeaa HYanexa-/lokea,
B HenTpe 2-i noaycexumm,

Pucynok 2.9. Onpenenenre 4ucToTHl BO3lyXa B TEILIMLE, cpena Yaneka-J{okca.

Ilonyyenne OakTepHaJbHBIX MpeNaparoB ¢co cCHeuu(pPUIECKUMHU
CBOMCTBAMH W3 MNPHUPOJAHLIX O0BEKTOB (CHJIMKATHOM W XUTHHAZHOM
AKTHBHOCTHIO), JeiicTBHe J3THX [penaparoB Ha (QUTONATOreHHbIE
MUKpoMuLeTbl. YeTbipe OakTepHalbHBIX MpernapaTa ObUIA CO3/JaHBl HAMH Ha
OCHOBE CYCIICH3UH OaKTepHAIbHBIX KYJIbTYpP, BBIACICHHBIX H3: CEPOM JIECHOU
cynecuyanoi noussl (BII1), u3 nepuoBo-noazonuctoii moussl Yamuukoso (bI12), ¢
noBepxHoctu peuyHoro rmecka (BII3), ¢ mnoBepxHOCTM TecKka a’puUpyeMbIX
MIECKOJIOBOK KypbsiHOBCKMX OYHMCTHBIX COOPYKEHUU (bI14). ITo
MOP(}OJOTMUECKUM XapaKTePUCTUKAM, pe3yJibTaTaM aHalln3a KUPHO-KUCIOTHOTO
COCTaBa M MUKPOOHOJIOTHYECKUX TECTOB, BUJIbI OAKTEpUii, ObLIIM ONpEICTICHbI, KaK:
BIT1 — Bacillus macerans, BII2 - Bacillus circulans mramm 1, BII3 — Bacillus
circulans mramm 2, BI14 - Bacillus sp. + Corynebacterium sp. M3BectHo, uTO

MHOTHE OaKkTepuu U3 poja Oamul oonaaaroT uetoiaasHo (CmupHoBa, 2004) u
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xutuHasHou (Ordentlich et al., 1988) akruBHOCTBIO. IloCie mpPOBEACHHBIX
MUKPOOHOJIOTUYECKUX TECTOB YCTAHOBIICHO, YTO BCE BBIJICIICHHBIC HAMH KYJIBTYPHI
obnaganu a30TPUKCUPYIOIIEH, XUTUHA3HOM M CHJIMKATHOM AaKTUBHOCTBIO. JTa
CIIOCOOHOCTh ONpeneNsijiach Ha OCHOBAHMM (DUKCAIMUM POCTa HA CEJIEKTHUBHBIX
MUTATENBHBIX Cpenax. A30TGuKCHpyoIIas — cpeaa Duidn, XUTUHA3HAS — POCT Ha

cpeac, rac OpraHM4eCKo€ BCHICCTBO 3aMCHCHO XHMTHHOM M CHJIMKATHasA — Ha

cunukatHoi cpene (puc. [1.8). Coctas cpen npusezex B Tabmuue [1.3.

Pucynoxk 2.11. MUKpOCKOIHSI BBIIEIEHHBIX KYJIBTYpP: UCCIEAYEMBIE KYIbTYPhI AJIA
ouonpemnapatos: A — Bacillus sp. + Corynebacterium sp., b — Bacillus macerans, B

— Bacillus circulans mrramwm 1, T — Bacillus circulans mramwm 2.

®dortorpadun Ma3KOB M3 UYHCTBIX KYJbTYp OaKTepHalbHBIX IPernapaToB,
OKpallleHHbIX (PYKCUHOM, TIpeACTaBleHbl Ha pucyHke 2.11, doTorpaduu KoimoHMH,
BbIpociiux Ha [lutaTensHoMm arape — pucyHku 2.12-2.15, xapakTepucTHKa KUPHO-

KHCIIOTHOTO COCTaBa BBIJEICHHBIX KyJIbTYyp — Ta0u. [1.2.
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Pucynok 2.12. Yucras kynsrypa Bacillus circulans mramm 1, mocesiHuast

mTpuxoM Ha [IutaTensHbIi arap.

Pucynok 2.13. Cmemannas kynstypa Bacillus sp. + Corynebacterium sp.,

nocessHHas ITpuxoM Ha [IutaTenbHbIi arap.
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Pucynok 2.14. Yucras kyabrypa Bacillus macerans, nocesinnas mrpuxom Ha

[IuTarenbHbIN arap.

Pucynok 2.15. Uucras kyastypa Bacillus circulans mramm 2, nocesiaHast

mTpuxoM Ha [IutarensHbii arap.

BII1 u BII2 Bbienniv U3 MOCEBOB MOYBBI HA TBEP/IYIO MMUTATEIBLHYIO CPENY.
Jns Beinenenus BII3 u BI14 nepBoHadanbHO MOJydanu KyJIbTypbl HAKOIUJIEHUS B
YKUJKOU cpejie I CUITMKATHBIX MUKpoopraHu3mMoB. B 20 mu cpenbl nobaisiu 2

T HCCIIEAYEeMOT0 TecKa M CTaBHJIM B TepMocTaT npu Temnepatype 28°C Ha 5 cyToK,
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HakonuBuryrocs

1:100 Ha TBepAyl NHUTATEIBHYIO

KyJIbTYypy TMepeceBaiu B

cpeny s

CHJIMKATHBIX

Hanbojee aKTUBHBIX KOJIOHHH BBIACIAIN YHCTBIC

KyJbTYpPhI, KOTOpBIE B JaJIbHEHIIIEM MCIIOJIB30BAJIM B KaueCTBE OUOIpenapaTos.

PonoByro mpuHaiexxHocTh onpeaensiin Merogom Microbial Identification

System (MIDI.Inc.,Newark,Del., Sherlock, USA).

Ha kadenpe mukpoOuosnioruu, 6uosorudeckoro gaxyibrera SApociaBcKoro

yauBepcutera (k.0.H. Ilyxosoii H.}O.) Obun u3yueHsl U MOpP(OJIOTHUECKHE U

OMOXMMHYECKHE CBOMCTBA M3y4aeMbIX KyJabTyp (Tadm. 2.10).

Tabmuma 2.10. 3yuenne OMOXUMHUYECKUX CBOMCTB U3y4aeMbIX KYJIbTYp

No Tect [Iramm 1 [Iramm 2 [Iramm 3 [ramm 4
i/
i}
1. | Mopdonoru | [lanouku, | I[lanouku c [Tamouxku [Tamouku
S OJIMHOYHBIC | BHYTPUKJICTOYH | OJUHOYHBIE U B | OIMHOYHBIC
,B BIMU I[EMOYKaX. U B
CKOIUIEHUS! | BKJItoueHusiMu, | KpymHee Bcex | Iiemoukax.
X, KJIETKH | IEMOYKH,
MO/ YTJIOM | CKOIUJICHHUS.
IpYT K Knetku ¢
Ipyry 00pyOJICHHBIMU
KOHIIAMU
[tammbl 2 1 4 10 MOPGOJIOTHH, PACTIOIOKEHHUIO KIIETOK, pa3MepaM KIETOK OUYeHb
TTOXOXKHU.
2. | Hanuuue - + Crnopsl +
crop KpPYyTHBIC,
cyOTepMHHAIB
HbIE WK
TepMUHAIbHBIE.
Ha 2-e cytku
CIIOp OYEHb
MHOTO.
3. | Okpacka + + + +
1o ' pamy
4. | Azotdukcar + + +, obpasyer +
us KHCIIOTY,
pacTBOpSIET
me (dhoTo)
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[Iponomkenue Tabauup 2.10

5. | Poct Ha +, +, OeJIbIi +, OeJIbIi +,
OenHoM yCUJICHHAsI yCHUJICHHAs
cpene IMUTMEHTAIl IMMTMEHTAI]
usl, usl,
HaCBIIIICHH HACBIIICHH
BIN JKENITHIN BIN
KpEMOBO-
PO30BBIN
6. | Tect Ha + + + +
KaTanazy
7. | Tect Ha + + + +
OKCHJIa3y
8. | PocT Ha + + + +
caxapose
9. | Poct Ha + + + +
MaJIbTO3¢e
10 | Poct Ha + + + +
.| D-Timoko3e
11 | PocT Ha + + + +
D-dpykTo3ze

JIJisi mOATBEPKACHHSI aHTaroHW3Ma OWOINpenapaTtoB U MHUKPOMHIIETOB, 00a
MUKpPOOpPraHU3Ma BBICEBAJTUCh IITPUXOM Ha IUIOTHYIO TUTATEIBHYIO Cpeay
UYaneka-/lokca mnapamiensHo japyr apyry. Ha mosepxHocTn arapa 1ocie
MSATUTHEBHOTO KYJbTUBUPOBAHUS B TEPMOCTATE€ MO 30HAM, HE 3apacTarolluM
mociie KyJbTUBHUPOBAaHUSA, OBUIO OIpENelIeHO, YTO TPH HCCIEAyeMble HaMU
MHUKpPOMHUIIETa HAXOATCSA B aHTarOHUCTUYECKUX OTHOIICHHUSAX C BBIJCICHHBIMU U3
OPUPOAHBIX  OOBEKTOB  MHUKPOOPTaHM3MaMH,  OOJQJArONIMi  CHJIMKATHOM,
XUTUJIA3HOM aKTUBHOCTHIO, a TaK)Ke CIIOCOOHBIX K azoTdukcauuu (puc. [1.2 u puc.

11.3)

Ha mpotsbkeHnn Bcero mepuoja HaOJIOACHWM B TEIUIMIE MEPUOIUYECKU
(mpuMepHO OAMH pa3 B MECSIL) MPOBOJAWIM MOJHYIO IUIAHOBYIO IJIsi XO3sCTBa

00paboTKy pacTeHuM (HyHTUIINIAMH.
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Jist  cratuctuyeckod oOpabOTKM pe3yJbTaTOB M HMX TIpaduueckoro

npeCTaBIeHHs NCIOIb30Bau nmporpammbl «Excel 2003» u «Statistica 6.0»
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I'maa 3. OnrumMu3anus MHKPOIJIEMEHTHOIO cTaTryca po3 M IpPHMEHEHHe
CAIMIMJIOBOM KHMCJIOThI, KaK (PaKTOP MX YCTOMYMBOCTH K MUKPOMHMLETHOMY

UH(PUUHMPOBAHUIO

B cepenune XX Beka Obuta TIpeyIoKeHA TEOpHs (PU3HOIOTHYECKOTO
UMMYHUTETA PACTCHHUM, CYIIHOCTh KOTOPOW 3aKIIOYAeTCs B TOM, YTO IMUTAHUE
pacTeHwmii (BHECEHUE MaKpO- U MUKPOIJIEMEHTOB) CYIIECTBEHHBIM 00pa30M BIIHSET
Ha OOMEH BeIIECTB, W3MCHSS B3aWMOOTHOIICHUS MEXIAY pPACTCHHEM U
dbuTONMATOTEHHOM, W3MEHEHUS YCIOBUUA MOTYT OBITh WJIM HEOJArOMpUATHBI IS
naToreHa W TOBBINIATh YCTOWYMBOCTH PACTCHHUW, WU OJArOMpUATHBIMH JJIs

pa3BuTHs WHGEKU. B 3TOM ciiydae mopakeHHOCTh pacTeHul OyneT BO3pacTarhb

(Crpaxos, 1959).

Hcnonp30BaHne MEXaHU3MOB TOBBIIIICHUS UMMYHUTETA CAMUX PACTCHHMA —
peanbHas W Oe3BpelHas ajJbTepHATHBA BHECEHUS TECTUIUIOB. Y CTOMYHUBOCTH
pacTeHUl MOXXHO TIOBBICUTH PA3HBIMHA MPUEMaMH, B TOM YHCIIE U BHECEHHUEM
mukpoynoopennii (Mmmynurter pacrenuii, 2005). TakumMu MHUKpPOIJIEMEHTAMH,
o0nafamuMy, B TOM 4YHUCIE, AC3UHOUIUPYIONIUMHU CBOWCTBAMH, SIBIISIOTCS

coennHEeHMs O0pa, MEI U ITUHKA.

B COBPCMCHHBIX YCIOBHUAX, MJId IMOJYYCHHUA TCIUIMYHBIX TPYHTOB, B
OCHOBHOM HCIIOJIB3YKHOT CMCHIMBAHUC 3aIIPABJIICHHOT'O OCHOBHBIMHU IHUTATCIIbHBIMHU
JJICMCHTaMU Top(ba, KOTOpBIfI COACPIKUT 0oJBIIOE KOJIMYSCTBO OpraHUu4CCKOro
BCIICCTBA, C KaKI/IM-HI/I6y,HB HaIIoOJHUTCIICEM (HGOJ’II/IT, ICPJINT, BCPMUKYJIIUT U T.I[.).
B YCIOBHUAX 3allIMIICHHOI'O I'PYHTA B TAKUX TOp(l)OFpYHTaX OJICMCHTLI IIUTaHUS, B
TOM 4YHCJIC HW MHKPOIJIECMCHTBI, HaXOoAATCA B CBA3aAHHOM C OPraHn4YcCKUM
BCHICCTBOM BH/C, N3-3a YCTO MOKCT BO3HUKATh UX HCAOCTATOK B PACTCHUAX U, KAK
pe3yibTaT, MaJCHUC YCTOﬁqHBOCTH K 3a001eBaHusIM. B Takux YCIIOBHAX AKTUBHOM
I/IMMO6I/IJ'H/ISaI_[I/II/I, BHCCCHUC  MHKPOIJIICMCHTOB B TI'PYHT CTAHOBHUTCA  HC

3¢ (HEKTUBHO, OCOOCHHO TIPH CMEHE TPYHTOB IS BBICAKUBAHHUS MOJIOJBIX
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pacTeHuil. AJBTEpHATUBHOE KOPHEBOMY - (DOJIMAPHOE BHECEHUE HMEET psif
OTpaHUYEHUI: BO3MOXKHOE CUJIBHOE YBEIMYEHHE KOHLIEHTPAUU MUKPOIJIEMEHTOB
B JIUCTBSIX, OCOOEHHO TSIKEJIBIX METAJIJIOB, 10 TOKCHUUYHBIX, YTO IIPUBEAET PACTCHUE
K rudenu. BHeceHre MUKpO3JIEMEHTOB MaJIbIMU JJ03aMHU NIPEACTABIISIETCS Hauboee
3¢ (EeKTUBHBIM B TaKUX YCJIOBUAX. B cCOBpeMeHHOI juTepaType 0 CUX MOp HET
YEeTKUX PEKOMEH/IALIMU 110 CPOKAM U J103aM BHECEHUS 3TUX YAOOpEHH, 0COOEHHO,
B YCJIOBMSIX 3aKpPBITOrO I'pyHTa. M3BECTHBIM M IIMPOKO NMPUMEHSIEMBIN B IIPAKTHKE
pacTBOp MHUKPOIEMEHTOB XOIJIaHJa MNpPEJHa3HA4YeH I THUAPONOHMKU WA
KOPHEBOTO BHECEHHs B TIpyHT. OCHOBBIBASCh Ha J03aX JJIEMEHTOB B 3TOM
pacTBOpe, Mbl MOMBITAIUCH MPUMEHUTH UX MPH (oJuapHoil 00paboTKe pacTeHui B

TCININILIC.

B nmpenBapuTenpHBIX OMBITaX MPOBOIWIN OJHO M JIBYKPAaTHYIO (poIUapHYIO
00paboTKy pacTeHHuit 60POM, MEJIbIO U IIMHKOM OJMHAPHOM 0301 3THUX AJIEMEHTOB
1o cmecu XOoriaHjaa. AHaJIW3 pacTEHHUM TMOKa3al, YTO KOHUECHTPAUUs U3y4aeMbIX
AJIEMEHTOB B JIUCThAX PACTECHHUM MPAKTUYECKH HE MEHseTcs. B nmampHeinmem, Bce
MIPUBEJICHHBIC HUYKE BEreTallMOHHBIE OMBITHI (hoIuapHO 00pabdaThIiBalid MATh pas, ¢

marom B 14 cyTok.

IIpu donuapHoit 00paboTke pacTeHUU OOPHOM KHUCIOTOM U CMECHIO
U3y4aeMbIX MHUKPOIEMEHTOB B ombiTax Nel wm Ne2, Bu3yanbHO NpU3HAKU
MUKPOMUIIETHOTO 33apa)K€HUsI HE OTMEYaJUCh, TOTJa KaK, Ha JPYrUX BapHaHTax
OMbITa MOPaKEHUWE PACTEHUN STUMH HHPEKUUsSMU cocTaBisio 25 — 33 % or
obmero uncna pactenuit (tadma. 3.1). MI3BecTHBIN U MOCTOSTHHO MCTIOJIb3YEeMbIN Kak
NE3UH(PEKTOpP MEIHBIM KyMopoc, B MPUMEHSEMbIX HaMH J03aX, HE OKa3bIBall
HUKAKOIo JEHCTBUS Ha MOPakaeMOCTh pacTeHuil ¢urtonaroreHamu. OnHaKo, Ipu
BHECEHHUH JIBOMHOW 03B OOpHO# KHCIOTHI (OmbIThI Ne2-5) pacreHus mepectanu
00pa3oBbIBaTh OYTOHBI U IIBETHI, YTO HE HAOIIOATIOCh Ha BAPUAHTE C COBMECTHBIM
MPUMEHEHUEM MHKPODJIEMEHTOB U MpU 00pabOTKE pacTeHUl OJWHAPHOU 030U
atoro BemecTBa (Tadmn. 3.1). ITo CBA3aHO CO CHMKCHUEM MOTHU(DEHOIOKCHIA3HOM

aKTUBHOCTH, YTO OBLIO TIOKa3aHO HIke. M3BecTHO, 4To Menp Kak KodakTop,
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BXOJIUT B cOCcTaB pepMeHTa nojudeHoI0KcHaa3a, B konnyectBe 1-3 % (Kperosuu,
1971). Kpome TOT0, MOKa3aHO, YTO CHIDKECHHE aKTHBHOCTH 3TOTO (hepMEHTa Ipu
HEJIOCTAaTKe MEIM — OJ[HA M3 MPUYUH HapyIIeHUs I[BeTeHUs pactenuii (Marschner,
1997). Tak, mpu U3y4YeHHUH IUHAMHUKH MOJHU()EHOJIOKCHUIA3HON AKTUBHOCTH IIO
dazam Beretanuu ObBUTO MTOKA3aHO, YTO MAKCUMAJIbHAS €€ aKTUBHOCThH MPOSIBIISETCS
B (hase Oyronmsanmu u npetenus (Kynaesa, 1984). OnTumwusaius cojaepikaHus
0opa B TKaHIX CIIOCOOCTBYET yCHJICHHIO MeTa0omm3Ma (eHOJIBHBIX COSAMHEHUN 1
OKHCIIUTEIbHO-BOCCTAHOBUTENIBHBIX IPOLIECCOB 4epe3 MONU(EHOTOKCUTA3HYIO
cucremy (Perkins, 1956), mostoMmy, AChHUIMT MEAW BBI3BIBACT CEPHE3HBIC
HapyIIeHUsT B JbIXaTEIbHOW IEMH H3-32 HEJAOCTAaTKa BBICOKOIHEPTETUYECKHUX
COEMHEHUM, pacTeHUA nepectaroT uBect. B onbitax Ne 3-5 mopakeHue pacTeHuit
MUKpPOMUIIETHON MH(DEKIMel He ObLIO OTMEUYCHO Ha BCEX BapHaHTaX OMbITa, KaK U
BO BCEU TEIUIMIIE, YTO CBS3aHO C XOPOIMIUMH (PU3UYECKUMH YCIOBHSIMU POCTa
pacTeHmid (Xopomasi a’panus TEIUIUIBI, HEBBICOKAs BIAKHOCTh, JOCTATOYHOE

OCBEIIICHUE U T.]I.).

Ta6muma 3.1. KoimuecTBO IBETYHIMX pacTeHUH M TMOPAKECHHBIX

MUKPOMHUIIETHOM uH(pekmeit, % oT obiiero yucna

Bapuantsi | OnbiT Nel OnbIT Ne2 OmnbiT Ne3
OIbITa 1* %% 1* ox% 1* oHk
K 15 33 14 29 Her

B 15 Her Her Her Her

Cu 38 25 29 29 20

Zn 38 27 20 25 13 Her
> 29 Her 20 Her 29

C/K Her BapuanTa 14

1* - konmmyecTBO OYTOHOB U LIBETOB, %0

2** - KOIMYECTBO PACTEHUH C IPU3HAKAMH MUKPOMUIIETHOTO MOPaKEHUS
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Pa3BuTHE KOpHEBONl CHCTEMBI WIPAET BAXKHYK) pPOJb B POCTE PACTEHHUM.
NMeHHO B HEHM WHAET NOPOLECC NEPBHUYHOTO AMHUHUPOBAHUS KETOKHCIOT C
o0pa3oBaHHEM aMUHOKUCIOT H  JApyrue OHUOCHHTETHYECKHUE  MPOIECCHI
OpraHUYecKoro cuHTe3a. PacnpocTpaHeHHbIM B (QU3MOJOTUU  PACTEHUM
MOKAa3aTeJIeM MOIIHOCTH PAa3BUTUS KOPHEBOM CHUCTEMBI NPU3HAETCA €€ BEC BO
BJI&JKHOM WJIM CYXOM COCTOSHMHM, OJHAaKO OH HE Bcerja sABISETCA
XapaKTEPUCTUKON ero  (PyHKIIMOHATBLHOW  JCSATENBHOCTH, B  OCOOCHHOCTH
MOTJIOTUTEILHON CIMOCOOHOCTH. B TOTJIONMIEHNM BENMIECTB M3 BHEIIHEW Cpeibl
IMPUHAMAET YYacTUE TOJIBKO pacTylas 4YacTb KOpPHA — MEPHUCTEMA, 30HA
PACTSDKEHHSI U KOPHEBBIX BOJIOCKOB, BEC KOTOPBIX B OMPEAECICHHBIC 3TAMBI )KU3HU
COCTaBIIIET OYEHb MAJICHBKYIO JIOJIO BECA KOPHS, BBINOJHAKOUIETO JIMIIb
TpaHcnopTHyto ¢yHKkIuo. [Ipu xopoield 00eceYeHHOCTH PACTEHHUS BOJIOW H
MHUHEPAJIbHBIMU BEHIECTBAMM HA KaXAyl0 CTPYKTYPHYK) €IUHHUILY KOPHS
NPUXOAUTCS 3HAYUTENBHO OO0JIbIIIE OPTraHUYECKOTIO BEIIECTBA HAI3EMHBIX OPTraHOB.
N3MeHsieTcsl COOTHOILIEHUE BeCAa HAJI3E€MHBIX OPraHOB M KOPHEBOW CUCTEMBI B
CTOPOHY €ro noBbillieHUs. OTHAKO €CIM B TIOYBE €CTh HEIOCTATOK KAaKOro-HUOY b
AJIEeMEHTa, TO KOpHEBash CHUCTeMa Kak Obl BBITATHUBACTCS, B IOMCKax MecTa
JIOKaJIM3aluy 3TOr0 AJIEMEHTA, TEM CaMbIM YBEJIMYHMBas CBOIO Maccy (Puszunonorus
CEIIbCKOXO3SMUCTBeHHBIX pacTeHmid, 1969). Iloatomy, kpome ompeneicHus
COOTHOUIIEHHUS] HAA3EMHOM MACChl U KOPHEHN, BaKHO ONPEAEIUTh KOPPEIALUOHHYIO
3aBUCUMOCTh MEXAY OJTUMM I[OKas3areinssmu. Hampumep, Bec KoOpHEHM Ha
KOHTPOJIbHOM BapuaHte B onbiTe Nel cocraBun 1,95 r, HanzemHoi maccel — 11,8 T,

a B ombiTe Ne2 — 5.2 u 4,7 1, cooTBeTCTBEHHO (Tabm. 3.2).

IIpu omnpeneneHnn KOPPEIALMOHHOM 3aBUCUMOCTH MEXKAY HaA3EMHOU
Maccol M Maccoil KOpHEH, ObUIO moKa3aHo, 4yTo B ombiTe Nel 3T mokazarenu
XOpouIo KoppenupoBaiu mMexay coboit (r = 0,85, mpu p=>0,95), a B ombiTe Ne2
TaKOW 3aBUCUMOCTH He Ob110 00HapyxeHo (I = - 0,24, mpu p=>0,95), uro ykaspiBaer
Ha HaJTU4He JUMUTHPYIOMEro ¢pakTopa Ipy pa3BUTUN HAJI3EMHOM YacTH paCTCHUN

BO BTOpoM ciy4dae. Ilpu ompeneneHuu conaep:kaHus NUTATEIbHBIX BEIIECTB B
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rpyHTE, OBLIO MOKAa3aHO, YTO 3JEMEHTOM, JUMUTUPYIOIIUM POCT PACTEHHH, ObLI
HUTpATHBIA a30T (Tabia. 3.4). OmHako, B omnbiTe Ne2 y pacreHuil 3aduKcHpOBaHA
camas MOIIHAsi KOpHEBasi CUCTEMa 3a BEChb MEPHUOJl UCCIEeI0BaHUN (B CpelHEM B
JBa pasza OoJibllie, YeM B APYruX ombiTax). [lpu aHamuze rpyHTa mocie yOopKu
OIbITa, OTMEUEHO OYEHb BBICOKOE COJAEpKaHME BOJOPACTBOpUMOro Kaius u pH,
Oym3kuil Kk HeWTpasibHOMY (Tabia. 3.5). Ilpu BHeceHHHM B I'PYHT OaKTEepHAIbLHOTO
npenapara (ombIT Ne5), Macca KOpHEH pacTeHHH CO CTEPKHEBOM KOpPHEBOM
CHCTEMOM, Ha BCEX BapuaHTax OMbITa, KpOME BapuaHTa ¢ (pormapHoi oOpaboTKOM
o6opom (Tabi. 3.3), yBenuuuiiach IpUMEpPHO B JBa pas3a, B OTIUYUE OT PO3 JPYroro
copTa, ¢ MOYKOBAaTON KOPHEBOM CHUCTEMOM, TJie ATOT Mokasarens gocturan 10-12
(cm. T'maBy 4). Takum o00pa3oM, JA€WCTBUE OaKTEpUAIBHOTO TMpenapara Ha
pa3BHUTHE KOPHEBOW CHCTEMBI CHIIBHO CBS3aHO C €¢ MOP(OJIOTHeil U HE OIMHAKOBO

JUTSL pa3HBIX COPTOB PO3.

Tabmuma 3.2. CpenHuii BeC HaJI3€MHOM MacChl M KOpHEW pacTeHUM, MOCIe
yOOpKH OTIBITOB, T

BapuanTts! onbita/Ne onibita | Hanmzemnas Kopunu Hanszemnas macca
Mmacca / KOpHH
K Nel 11,8+2,6 2,0+1,3 6,0
Ne2 4,7+1,6 5,2+1,7 1,0
Ne3 5,9+1,0 2,3t1,1 2,5
B Nel 10,1+5,9 1,8+1,3 5,5
Neo2 5,8+2,1 2,8+1,1 2,1
Ne3 7,911 1,8+0,5 4,4
Cu Nel 13,9+3,8 3,3%1,2 4,2
Ne2 6,5+2.2 4,5%1,9 1,4
Ne3 7,912,5 2,2+0,6 3,6
Zn Nel 12,8+3,3 2,8+1,2 4,7
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Ne2 4,9+2,1 3,05+1,9 1,6
Ne3 5,8%£2,0 1,5+1,1 3,9
> Nel 13,1+5,1 2,3+1,2 5,7
Ne2 6,0+1.8 1,9+0,8 3,2
Ne3 7,023 2,1+0,9 3,3
C/K Ne3 6,0£1,2 2,2+0,7 2,7

Tabmuma 3.3. Mopdomerpudeckrue mokaszaTenu pacTeHui ombiTa Ne5, cpemHue

JTaHHbIE
Bapuant Bec uepenka 1o Bec pacrenus Bec xopnen nocne
MIOCaIKU nocine yoopku yOOpKH OIbITA
OTIbITa
K 7,9 13,2 1,2
K+BII 8,0 10,8 2,2
B 7,5 12,7 2,9
C/K 6,9 9,6 1,7
B+C/K 8,7 11,0 1,2
B+BI1 8,9 13,4 2,4
C/K+BI1 7,2 14,4 2,5
HCPo,05 0,9 2,2 0,3

Hcronp30BaHHbIN TPYHT B ombiTe Nel comepikall O4eHb HU3KOE KOJUYECTBO
BOJIOpACTBOpUMOTO IMHKa W Meau — 3,4 wu 0,7 MI/KT, COOTBETCTBEHHO.
OnTuManabHOE COACpPKAHNE MHUKPOAJIEMEHTOB B TPYHTE IOJ] PO3aMU COCTaBJISET:
oop — 1-3, mean — ot 0,5 1o 2-10 min 0,5, max 2-10, uuuk — ot 2 10 10-20 min 2,
max 10-20 mr/xr (Homnenmopd, 1983). Ilocrme okoHUaHUS ONbITAa KOJIHMYECTBO
ITUX DJIEMEHTOB B IPYHTaX yBEIMYMIOCH — ITMHKA 110 4-X pa3, meau — 10 6. [lo-

BUJIUIMOMY, ATO CBSI3aHO C OCOOCHHOCTBHIO TOP(MIEPIUTHOTO IPYHTA, BIUSIHUEM Ha
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HEero pu30oc(EpHBIX BBIICICHUNA PACTEHUH UM MUHEPAIM3YIOUIeH NeATeNbHOCTHIO
ABTOXTOHHBIX ~ MHUKPOOPTaHHM3MOB, YTO  TPHUBEIO K  BBICBOOOXKICHUIO
MHKpPORJIEMEHTOB, CBSI3aHHBIX C OpraHudeckuM BemiecTBoM (Tabin. 3.4). B
MozenpHOM omnbiTe Ne7 (I'maBa 4), mpoBeneHHOM B cocylax 0e3 pacTeHHM ¢
UCCJIEyeMbIM HaMH TPYHTOM IPH MPOCTOM KOMIIOCTUPOBAHUU C PETYJSPHBIM
yBIIQXKHEHHEM B TeueHHe 56 cyTok Ha BapuaHTe TII, mpoucxoausio yBeandeHue
BOoJiOpacTBOpuUMOro kamus U (¢ochopa B JgBa pasa TOJIBKO 3a CYET
KHU3HENICATEIILHOCTH aBTOXTOHHOM MukpoOuotel TpyHTa (Kiryushin, 2011).
Bo3MokeH Takke BBIHOC 3THX 3JEMEHTOB C (PIOOMHBIM TOKOM B KauyecTBE
pU30CEpPHBIX BbIIEICHHM, €CIM PaCTeHHE HE HCIOIb30BAJIO UX B OMOCHHTE3E IO
KaKUM-JIM0O0 IpUYMHaM. AHaJIOTMYHAasl TeHJCHIUS MPOCIIeKUBACTCS B ombITe No4.
ConepkaHne BOJIOPACTBOPUMOTO IIMHKA W MEIU IOCJIE€ OKOHYAHMS OIbITa Ha
KOHTPOJIBHOM BapuaHTeé M ¢ 0O0pabOTKOM OOpoM U CaJIULIUIOBOM KHCIOTOU

yBennuuBajioch 10 10 pa3 (tadum. 3.7).

Tabmuna 3.4. CopnepkaHue B TpyHTax mocie yoOopku ombita Nel

BOJOPACTBOPUMBIX (HOPM MAKPOIJIEMEHTOB, MUKPO3JIEMEHTOB U pH, Mr/Kr

Bapuanter | NHs® | NO3” P,Os K>0O pH B Cu Zn

OIIbITa

62,7 | 1446 | 2930 | 1113 6,1 1,6 1,0 4,5

79,0 | 157,2 | 499,5 | 115,7 6,0 1,8 0,9 6,3

Cu 49,7 | 1619 | 547,2 | 939 6,0 1,9 1,0 6,8
Zn 90,2 | 217,8 | 511,7 | 1309 5,8 2,5 1,0 12,2
> 57,0 | 1859 | 4274 | 1189 6,2 3,0 0,9 91

HCPo,05 3,5 8,7 22,7 5,7 0,3 0,1 0,05 0,4

Tabmuma 3.5. Copepxanue B TpyHTax mocie yOopku ombita  Ne2

BOZOPACTBOPUMBIX (HOPM MaKpO3JIEMEHTOB, MUKPO3JIEMEHTOB U pH, Mr/kr
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Bapuanter | NHs© | NOs | P2Os K20 pH B Cu Zn
OTbITA

11,6 36,0 | 123,6 | 365,0 6,7 2,8 1,6 3,4

B 7,4 22,0 | 129,9 | 390,0 6,8 3,9 1,6 2,9

Cu 13,3 18,3 | 137,3 | 210,0 6,7 3,2 3,6 3,7

Zn 11,0 275 | 1815 | 525,0 6,7 3,5 2,2 4,2

> 7,2 21,5 | 169,7 | 350,0 6,7 4,6 1,7 3,4

HCPq 5 0,5 1,3 7,4 18,4 0,1 0,2 0,1 0,2

Tabmuma 3.6. Copepxanue B TpyHTax mociie yOopku ombita Ne3

BOJOPACTBOPUMBIX (HOPM MaKpPO3JIEMEHTOB, MUKPO3JIEMEHTOB U pH, Mr/kr

Bapuanter | NH,* NO;s P,0Os K>0 pH B Cu Zn
OIIbITA

108,3 16,4 167,7 | 174,0 5,2 15 2,0 1,0

B 83,1 12,9 140,0 | 174,0 51 1,7 2,5 <0,2

Cu 128,8 15,1 195,0 | 243,0 5,7 2,0 4,0 1,0

Zn 110,1 21,2 1475 | 149,0 5,2 1,8 2,5 2,5

> 98,7 111 97,5 151,0 5,2 1,6 3,0 2,5
C/K 99,8 9,2 150,0 | 212,0 5,2 2,9 4,0 4,0
HCPg 05 5,3 0,7 7,5 9,2 0,1 0,1 0,2 0,2

['pynt B mocne y6opku ombiTa Nel-3, comepskan JOCTaTOYHOE KOJIUYECTBO
BOJIOPACTBOPUMBIX (OpM aMMOHMMHOTO a30Ta, ¢dochopa u kamus U pH Obur
0JIM30K K HeWTpanbHOMY (6,1 1 6,7, COOTBETCTBEHHO), KOJIMYECTBO K€ HUTPATHOTO

a3ota B omnbITax Ne2 u Ne3 Obuto odeHb HU3KUM (Tabu. 3.5u 3.6) U COCTaBIsIO OT
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15,1 nmo 36 wmr/kr, B 3aBUCUMOCTH OT BapHaHTOB ormbiTa. [lo-BuauMoMy, 3TO
CBUJIETEIHCTBOBAJIO O MOAABJICHUH MPOIIecca HUTPU(DUKAIIUN B TPYHTAX, TIPH 3TOM

MaccCa BbIPOCHINX paCTCHI/Iﬁ M COACPKAHUE B HUX a30Ta 3HAYMMO HC MCHAJIOCH.

Tabnuua 3.7. CoaepkaHue B IpyHTax JI0 Hayaja OMbITa U MOCie YOOPKH OMbITa

MUKPOAJIEMEHTOB (ombIT Ned), Mr/KT

Bapuant bop Menp [Huuk
K 0,6 11,2 3,2
B 1,5 1,3 3,9
C/K 2,2 1,5 8,5
B+C/K 0,6 10,8 10,4
Cu 1,2 7,4 4,3
B+Cu 2,1 1,6 9,4
Hauano onbita 1,3 1,2 7,5
HCPo 5 0,1 0,9 1,1

Conepxanue Oopa BO BCEX BapHaHTAaX OMBITa OBUIO ONTUMAILHBIM (Ta0I.
3.4-7), xpome ombiTa No5. AHamM3 TpyHTa Ha COJIEpKaHHE B HEM
BOJIOPACTBOPUMOTO OOpa MmoKa3aj, YTO MPH 3aKJIAJIKE ONbITa KOHIIEHTPAIUS B HEM
3TOTO 3JIeMeHTa coctaBmwia — 10,73 mr/kr, mocie yoopku ombita NoS: K — 24,77,
K+BIT - 22.03; B - 25, 14; C/K - 25,11; B+C/K - 23.97; B+BII - 25,07; C/K+BbII
— 25,43 wmr/kr BO3aymHO-cyXoro rpyHta. C 3THM CBSI3aHO OYEHb BBICOKOE
cozepxkaHue Oopa B JIUCTBSIX KOHTPOJIBHOTO BapuaHTa, ¢osinapHas oOpadoTka
OOpOM HE M3MEHSET 3TOT IOKa3aTellb B JIMCThSAX, CTEOISIX M KOPHAX po3 (Tabil.
3.17). OOparmaer BHUMaHUE 3HAUWTENIbHOE, B 1,5-2 pasa, MOBBHIIMICHHE 3TOTO
MoKas3aTess B JIMCThAX pacTeHHU, 0OpaOOTaHHBIX CAJTUIUIOBON KHCIOTOU

(Bapuant C/K), ¢ COBMECTHBIM BHECEHHMEM CAIMIIMJIOBON KHCJIOTHI M Oopa
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(Bapuant C/K+B) # KOHTpPOJBHOIO BapuaHTa C KOPHEBbIM BHECEHUEM

ounonpenapara (K+bII).

[ToxazaHo, 4to TOp(, KOTOPBIM MBI HCIIOJNB30BAIN IPH CMEIIUBAHUU
ToporpyHta, HM3HAYAJIBHO HMEET pa3Hyl0  KOHIUEHTPAlHMI0O Makpo U
MHUKPO3JIEMEHTOB, B YaCTHOCTM — ©OOpa, 4YTO CBS3aHO C HapylICHHEM

MMPOU3BOAUTCIIEM TCXHUYCCKOI'O PCrilaMCHTA.

OmnpeneneHrne 30JbHOCTH PA3IMYHBIX BETETATHBHBIX OPraHOB pPaCcTEHUH
MOKA3aJI0, YTO BEC «CHIPOW 30JIbD» COTIOCTABHM Yy JINCTHEB W KOPHEW W CHIIHHO
HUKE y cTeOJiel, 4TO CBSI3aHO C (DU3MOIOTHUECKUMHU (PYHKITUSIMH JTOTO OpTaHa.
PasHocTe mokazareneil cBs3aHa, MO-BHIMMOMY, C YPOBHEM BIQXHOCTH H
00€CIIeUeHHOCTH THTATEILHBIMU BEIIECTBAMU UYEPEHKOB I TOCAJAKH H, B

JaJbHEHIIIeM, TPYHTOB Iepe yOopKkoii ombita (Tadu. 3.21).

Ecte  MHEHMe, 4YTO  BBICOKAs  CTENEHb  NOPAXKEHUS  PACTCHUU
MUKPOMUIETHBIMU HMH(EKLUUSIMH CBSI3aHO C HEJAOCTATKOM Kallug B TPYHTE, H,
COOTBETCTBEHHO, B PpAacTEHUHM, a HM30BITOK a30Ta, HA0OOPOT, YCHIIMBAET POCT
iecHeBbIX rpuboB (ypsinnna, 1988). B Hammx ombiTax, cojep:kaHue a30oTa B
JUCTBhSAX OBUIO B HIDKHEM IIpelefie ONTUMyMa, a Kallud — OYEHb BBICOKHM,
0COOCHHO B KOpHEBO# cucteMe. OHAKO CleAyeT yYUThIBaTh, YTO B ombITe Nel
HaJ[3eMHasg macca pacTeHuil Owbuia B 1,5 pasza Oosbiie, yeM B ombiTax Ne2 u 3,
COOTBETCTBEHHO M BBIHOC a30Ta W3 TPYHTOB ObuT pasHbiid. [lo-Buammomy, B

TAHHBIX YCIOBUSAX TO NMPEANOIoKeHne He padoraet (tadmn. 3.4-3.6).

Tabnuna 3.8. ConepkaHue Makpo3JEMEHTOB B Pa3IMYHBIX BET€TaTUBHBIX OpraHax
po3 nocie yoopku ombita Nel, %

Bapuants! onbiTa N P.Os K20
K Juct 1,53 0,33 2,61
Crebenp 1,00 0,95 0,87

Kopenb 1,23 1,32 4,42
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Jluct 2,28 0,24 2,40

B Crebenb 1,44 0,97 0,73
Kopenb 1,55 1,45 421

Cu Jlucr 1,62 0,23 2,69
Crebenp 1,15 0,95 0,83

Kopenb 1,46 1,19 3,82

Zn Jlucr 1,93 0,30 2,59
Crebensb 1,19 0,92 1,00

Kopenb 1,36 1,44 4.69

> Jluct 1,73 0,24 2,97
Crebenb 1,13 1,01 0,78

Kopenb 1,49 1,24 4.09

HCPo 05 0,08 0,04 0,13

Tabnuna 3.9. Conepkanne Makpo3JEMEHTOB B Pa3IMYHBIX BET€TaTUBHBIX OpraHax
po3 nociie yoopku onbita Ne2, %

Bapuants! onbiTa N P.Os K20
K Juct 1,91 0,61 2,55
Crebenp 0,72 0,67 1,10

Kopenb 1,41 0,82 3,61

Jluct 1,60 0,67 2,37

B Crebenb 0,65 0,59 1,22
Kopenb 1,68 1,13 4,15

Cu Jluct 1,47 0,60 2,02
Crebenb 0,71 0,60 0,97

Kopenb 1,61 0,79 2,63
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Zn Jluct 2,00 0,74 1,96
Crebenb 0,80 0,75 1,63

Kopenb 1,38 1,40 3,68

> Juct 1,42 0,81 2,36
Crebenp 0,79 0,75 1,44

Kopenn 1,39 1,57 3,38

HCPo 05 0,07 0,04 0,12

Tabmuua 3.10. CopepkaHue MAaKpO3JIEMEHTOB B Pa3jIMYHBIX BEreTaTHUBHBIX
opraHax po3 nociye yoopku onsita Ne3, %

BapuanTs! onbiTa N P20s K20
K Jluct 1,68 0,72 1,75
Crebenb 0,95 0,28 1,01

Kopenb 1,32 1,05 1,29

Juct 1,83 0,43 1,73

B Crebenb 1,20 0,69 0,91
Kopenb 1,86 1,14 1,86

Cu Jluct 1,96 0,52 2,02
Crebenb 1,32 0,73 0,90

Kopenb 1,97 1,1 1,32

Zn Jluct 1,73 0,85 1,59
Crebenb 1,23 0,46 0,91

Kopenb 1,68 0,98 1,33

> Jlucr 2,06 0,93 1,61
Crebenb 1,31 0,32 0,76
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Kopenb 1,87 0,72 1,73
C/K Jluct 1,99 0,91 2,06
Crebenb 1,09 0,66 0,99
Kopenb 1,71 1,1 1,97
HCPo 05 0,09 0,04 0,07

ConeprxaHre MaKpOdJIEMEHTOB B JIUCThSIX BO BCEX BapuaHTax ONMbITOB Nel-3
Obut omTtuMaibHbl 11 po3 (Tabn. 3.8-3.10), B ombite Ned (tabm. 3.11),
COJIEpKaHue a30Ta B KOPHSAX PACTEHUH 3HAYUTEIHHO BBIIIE, YEM B JIUCTHAX (10 2-X
pas), 4YTo, MO-BUAMNMOMY, CBSI3aHO C OYEHb BBICOKUM YpPOBHEM H3Yy4aeMbIX
MHUKPOIJIEMEHTOB B 3TOM BETE€TAaTUBHOM OpraHe, IJleé aKTUBHO HJIET OMOCHHTE3
dbepmenToB (Tab:. 3.16). OnTuManbHOE COEPIKaHNE B PO3aX MAKPOIJIEMEHTOB CM.
B ['maBe 7 (ta6bn. 7.1). Konuentpamus azora, dochopa v Kaaus B pa3IdUHBIX
OpraHax po3 CHJIbHO Pa3IMYaroTCsl BO BCEX MPOBEICHHBIX OMBITAX, YTO, BEPOSTHO
CBS3aHO C pPa3HOW KOHIIEHTpAlMeHd ATHX JJICMCHTOB B PACTCHUSAX, B3ATHIX B
TEIUMIIe JUIS 4epeHKkoBaHusA. OmHAKO, MOXXHO OTMETUTh HEKOTOpBIE OOIIHe
TeHACHIMA. Tak, oOpamaer Ha ce0s BHUMaHHE IMOPSAIOK PpacHpeICICHHS
MaKpO3JIEMEHTOB 10 BET€TaTUBHBIM OpraHaM PacTEHUs: a30T — JIUCT > KOpPEHb >
ctebenb, hochop — KOpeHb > cTeOeNb > JTUCT, KT — KOPEHb > JIUCT > cTeOelh

(ta6m. 3.8-3.10 u Tadm. 3.12).

Tabmuma 3.11. Conepkanne B pa3INYHBIX BETETATHBHBIX YACTSIX PACTCHUM

MakpoasieMeHTOB (ombIT Ned), %

BapuanTt onsiTa Noour, Neex. P»0Os5 K20
K Jluct 1,11 0,90 0,32 1,44
Crebenb 0,91 0,66 0,53 1,40
Kopens 2,06 1,73 0,71 1,26
B Jlucr 1,06 0,78 0,34 1,89
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Crebenb 1,17 0,92 0,46 1,84

Kopenb 1,80 1,65 0,23 1,58

C/K JIuct 1,18 0,99 0,27 1,82
Crebenb 1,22 1,04 0,55 1,90

Kopenn 2,00 1,83 0,34 1,12

B+C/K JIuct 1,20 0,91 0,22 1,96
Crebenb 1,40 0,96 0,50 1,58

Kopenb 1,89 1,70 0,62 1,22

Cu Jluct 1,25 0,83 0,44 2,28
Crebenp 0,78 0,49 0,52 1,66

Kopenn 1,71 1,62 0,39 1,28

B+Cu JIuct 1,41 1,24 0,56 2,18
Crebenb 0,86 0,59 0,47 1,70

Kopenb 1,85 0,90 0,36 1,26

HCPy 5 0,17 0,11 0,02 0,08

O6pabotka pacteHuid (ombIT Ned) wH3ydaeMbIMH MHUKPOIJIEMEHTaAMU U

CATUIIAIIOBOM

KHCJIOTOMH,

pu

OIITUMAJIBHBIX

IIOKAa3aTCIAX

COJIepKAHUS

MaKpOdJIEMEHTOB B pPACTeHUSX, YCHIIMBA€T CHUHTE3 (EPMEHTOB B KOPHEBOMU

CUCTCMC, 4YTO IOBBLIIIACT COJACPIKAHUA B HEW a3ora u KaJlus, BBIITOJHAOIICTO

TpaHCIOPTHYIO GyHKIHIO (Taba. 3.11)

Tabmuma 3.12. CopepkaHue MaKpO’JIEMEHTOB B PA3IMYHBIX BEreTATHBHBIX

opranax po3 (ombIT Ne5), %

BapI/IaHT N06H_L N6en P205 Kzo
K Jlnct 2,57 1,86 0,50 2,12
Crebennb 1,46 0,80 1,72 1,01
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Kopenb 1,45 0,86 0,74 2,61

K+BIT JIuct 2,37 1,88 0,69 1,80
Crebenp 1,64 0,62 0,75 1,15

Kopenn 2,77 2,03 0,67 3,50

B Jluct 1,53 1,49 0,73 1,85
Crebenb 1,48 0,71 0,66 1,20

Kopenb 1,88 1,11 0,39 1,48

C/K JIuct 2,46 1,87 0,81 2,02
Crebenp 1,53 0,95 0,67 1,01

Kopenn 2,12 1,66 0,84 3,46

B+C/K JIuct 1,83 1,59 0,65 1,96
Crebenb 1,77 0,55 0,72 0,83

Kopenb 1,64 1,46 0,52 1,86

B+BI1 JIuct 2,36 1,90 0,61 1,88
Crebenp 0,84 0,75 0,75 1,18

Kopenn 2,35 1,37 0,69 2,51

C/K+BI1 Jluct 2,05 1,46 0,73 1,83
Crebenb 1,20 0,56 0,70 1,03

Kopenb 1,42 0,89 0,65 2,69

B gepenkax Jluct 3,14 1,99 0,69 1,84
RONVSR | Crebens | 172 1,05 0,76 1,64
HCPo 05 0,36 0,29 0,07 0,51

®donunapHas 00paboTKa pacTeHUN pacTBOpaMH, COJEPKALIMMH OJHY A03Y
MUKpPOAJIEMEHTOB MO XornaHay (ombeiT Nel), He moBblIaia UX 3HAYEHUS [0
ONTHUMAJIbHBIX BEJIWYMH, U OHM NPAKTUYECKU HE OTIMYAIUCH OT KOHLEHTpALUU

9TUX JJICMCHTOB B KOHTPOJbHOM BapHUAHTC, YABOCHHUC [103bl MHKPOIJICMCHTOB
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yBEJIIMYMBAIA WX KOHIEHTPALMIO B PACTEHUHU 10 ONTHUMAJbHBIX 3HAYCHHH (TalI.
3.13). OnTuManibHOE CONepIKaHue B TUCThIX po3 6opa — 10-30 mr/kr, meau — 8-16
mr/kr, muaKa — 10-30 mr/kr (Homnengopd, 1983). B nanbreiimem (ombiTel Ne2-5),
HaMU MpUMEHsTach 00paboTka pacTBOpaMH, COJEPKAIIIME TBOMHOE KOJIUYECTBO

9THUX 3JICEMCHTOB, OTHOCUTCIIBHO CMCCH XOFHaHI[a.

Omnpenenenue coaepxkaHus 00pa B BETETaTUBHBIX OpPTraHax pacTeHus (Tad.
3.14-15) nokaszano, 4To cojaepxaHue Oopa B JHCTHSIX KOHTPOJBHBIX BapHAHTOB
ObLJIO MpUMEpPHO OJMHAKOBO B ombiTe Ne2 u Ne3. OO6paboTka pacTeHUN STUM
AJIEMEHTOM  yBEJIWYWJIO €ro KOHUeHTpauuio B  3,5-4 pa3a, CMEChIO
MHUKPOAJIEMEHTOB — B 3 pa3a U JIOCTUTAJIO ONTUMAJIbHBIX 3HaUYeHUNH. OCOOEHHO 3TO
BUJIHO Ha npumepe onbita Ne 4, rie conepkanue 60opa B JUCThAX Ha BapuaHTax B
u B+Cu 6suto B 4-8 pas Beime. [Ipu oOpaboTke pacTeHuii BCEMHU PacTBOPAMH,
KpOME CAJIMLUIOBOM KHCIIOTBI, 10 2-X pa3 yBEJIMYMBAETCS COAEp>KaHUE IUMHKA B
KOpHSX pacTeHui (Tabin. 3.16), 4yTo CBsSI3aHO, BEPOSITHO, C YCHJIEGHHE Tpoliecca

CHHTE3a IIMHKCOACPKAIMKX (PEPMEHTOB.

[TokazaHo, 4TO0 Ha BapwaHTe C JIBOWHON 00paboTKoil Gopom (ombIT No2),
coJiepKaHuE MEJU B JIUCThAX B MOJITOPA pa3a HUXKE, YeM Ha KOHTpoJje. Bo3MoxHO,
MeIb ¢ (IIOAMHBIM TOKOM IepeMeNIacTcsl W3 JINCThEB PacTeHU B cTeOenb U
KOpEHB, a B JTUCThAX co3aaetcs ee Aehunut. CoaepikaHne MeIu Ha 3TOM BapUaHTe
B TUCTE B 1,5 pa3a HIKE, 4eM Ha KOHTPOJHLHOM BapHaHTE M B 2 pa3a B CPAaBHCHHH C
JPYTUMU  BapuaHTaMud onbiTa. [Ipy  COBMECTHOM TPUMEHEHHWU CMECU
MUKPOAJIEMEHTOB, BHECEHHASI MEJIb MOKPBIBAIA 3TOT AeUIUT (COAep KaHUEe MEIU
B JIUCTBSX B JIBa pa3a BBIIIC, YeM HAa BapHAHTE ¢ OOpPOM) M pacTeHHUs 00pa30BBIBAIIN

OyToHBI U 11BETHI (Tabm. 3.14).

OnpeneneHre KOHICHTPAIMM WM3y4aeMbIX HaMHW MHKPODJIECMEHTOB B
BEreTaTUBHBIX OpraHax pacteHus (tabiu. 3.13-17) nmokasano, 4To coaepkanue 6opa
B JIUCTHAX KOHTPOJIGHBIX BapHaHTOB OBLIO OJMHAKOBO HHU3KHUM. (0paboTka

pacTeHUN ATUM DJIEMEHTOM B 03¢ 1,22 I/1 yBETWYWIO €ro KOHIIEHTPAIUIO B
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JHUCTHSIX po3 B 3,5-4 paza v IOCTUTIIO ONTUMANBHBIX 3HaYeHUN. bop okanu3yercs
B JIUCTBSIX PACTCHUM, PacCIpenemsisich: JIMCT > KOpeHb > cTe0eib, B OTIUYHE OT
MEIH ¥ [IMHKA, KOTOPhIE HAKAIUTMBAIOTCS B KOPHEBOW CHUCTEME, TJI€ MX KOJUIECTBA
MOTYT TIpEBBIIaTh, B CPaBHEHHH C JHCThIMH, JTOT IMOKazaredb B 5-20 pas.
Pacnipenenenne 3THUX 37IE€MEHTOB MO BETETATUBHBIM OpPTraHaM: KOPEHb > JIUCT >
crebensb ([TamkeBuu, 2012B). OOpazoBanue ¢GEepMEHTOB, COJACPKAIIUX MEAb U
IUHK, uaeT B KopHsix (Ponen, 2007), B IUCThSIX ITUX JIIEMEHTOB OCTAETCS OYEHb
Majo, gaxe (ommapHas o0paboTka pacTeHHIl ITBOWHON 1030 MUKPOAJIEMEHTOB,
HE MOXET BIUATh Ha MHUKPOMHUIICTHI, B OTJIHYHME OT OOpa, MMEIOIIETo APYTYIO
CTPATETUI0 HAKOTUICHUS (B JIUCTHAX). PacdeT Koppemsiuii MexXay COAepKaHueM
DIIEMEHTOB TMOKa3aJl, YTO TOJBKO OOp HMEeT BBICOKYIO KOPPEISIHIO C
coJiepkaHueM OOIIEro a30Ta MO BCEM BETeTaTHBHBIM YacTSIM PAaCTECHUS: JUCT (I =
0,96, mpu p>0,95), credens (r = 0,82, mpu p=>0,95) u xopens (r = 0,91, mpu
p>0,95).

Tabmuna 3.13. CoaepkaHue MUKPOSJIEMEHTOB B Pa3IMYHBIX BETE€TATUBHBIX

opranax po3 onbiTa Nel, Mr/kr

BapuanTt oneiTa bop Menp nnk
K Jluct 3,97 0,33 3,97
Crebenb 2,18 0,74 1,72
Kopenb 3,67 4.2 22,87
B Jluct 8,48 0,23 4.47
Crebenb 4,94 3,46 29,58
Kopenp 8,95 7,82 29,37
Cu Jluct 3,56 0,90 4,10
Crebenb 3,50 3,29 23,00
Kopenb 2,97 8,17 17,45
Zn Jluct 6,79 0,17 4,73
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Crebenb 1,96 0,84 9,31

Kopenp 5,29 0,83 23,90

D JIuct 10,46 0,43 4,47
Crebenp 3,31 8,53 15,35

Kopenb 7,44 3,29 25,28

HCPy5 0,28 0,15 0,73

Tabnuma 3.14. ConeprkaHre MUKPOAJIEMEHTOB B Pa3IMYHBIX BEr€TaTUBHBIX

opraHax po3 omnbiTa Ne2, Mr/Kr

BapuanTt oneiTa bop Menp nnk
K Jlucr 3,63 7,66 16,37
Crebenb 0,68 2,49 10,18

Kopenp 1,13 9,01 40,45

B Jluct 17,48 5,18 13,70
Crebenp 3,13 4,34 13,75

Kopenb 8,13 24,49 69,95

Cu Jlucr 2,55 10,35 17,10
Crebenb 1,15 6,77 10,95

Kopenb 1,77 47,43 56,88

Zn Jluct 3,13 9,74 18,88
Crebenp 0,70 6,42 13,56

Kopenb 1,99 23,54 89,81

> Jlucr 11,10 11,58 12,97
Crebenb 2,88 11,74 10,58

Kopenb 9,03 13,75 72,15

HCPo 05 0,23 0,65 1,61
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Tabnuua 3.15. ConepkaHue MUKPOIJIEMEHTOB B Pa3IMYHBIX BEre€TaTUBHBIX

opranax po3 omnbita Ne3, Mr/kr

BapuanTt onbiTa bop Menp [unuk
K Jlucr 16,00 12,02 6,56
Crebenb 5,04 10,64 17,02

Kopenb 11,15 22,18 22,18

B Jluct 14,69 126,76 30,18
Crebenb 8,55 61,81 1,99

Kopenb 32,74 52,63 13,85

Cu Jlucr 13,28 209,23 1,05
Crebenb 5,40 2,75 0,18

Kopenp 16,08 54,74 56,57

Zn Jlucr 55,19 12,14 19,64
Crebenb 8,56 26,61 6,88

Kopenb 19,26 28,15 13,79

> JIuct 18,00 357,00 21,92
Crebenb 3,27 94,96 1,17

Kopenb 9,17 12,67 91,03

C/K Jlucr 17,54 158,71 25,53
Crebenb 12,88 15,73 3,50

Kopenb 9,66 22,16 23,63

HCPo 05 0,77 3,56 1,02

Bo Bcex BapuanTax onbita (poiauapHas oOpaboTka Kak OJHOM, TaK U JABYMs
JI03aMH  MHUKPORJIEMEHTOB 1O OTAEIbHOCTH, 3HAYUTEIbHO TOBBIIMIAIO MX
coliepaHue B JIUCThSIX PO3, B CPABHEHUU C pe3yJbTaTaMu OOpabOTKU CMECHIO

ATUX dBJIEMEHTOB. Pacuer Koppenyﬂmﬁ MCKAY COACPIKAHUCM 3JICMCHTOB B OIIBITC
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No2 u omnbrte Ne3 nokazain (mpu p=> 0,95), 4yTo TOABKO OOP UMEN BHICOKHE 3HAYEHUS
9TOrO TIOKA3aTeNs MO0 BCEM BETeTaTHBHBIM dacTsAM pacteHus: suct (I = 0,96),
crebens (I = 0,82) u xopenb (I = 0,91). DTO0 CBUACTEILCTBOBAIO O TOM, YTO
pacrmpesielieHie W HAKOIJIEHWE ATOr0 3JIEMEHTa B PACTEHUH HE 3aBUCENO OT
pa3Munii B MUHEPAJbHOM IIMTAaHWM PACTEHMM, TaK KakK COAEP/KAHME a30Ta B

IpyHTax ObLIO pa3HbIM (Tab:. 3.14-15).

Tabmuma 3.16. CopepxaHue B  pa3HBIX BEreTaTHBHBIX  OpraHax po3

MHUKPO3JIeMEHTOB (OMbIT Ned), Mr/Kr

Bapuant oneiTa bop Menp nnk
Jluct 6,20 2,72 28,74

K CreGenb 4,76 2,48 9,73
KopeHb 7,78 13,12 32,88

Jluct 27,68 4,65 5,39

B CreGenb 0,73 2,88 1,92
Kopenn 6,49 9,32 65,57

Jluct 5,27 2,65 2,92

C/K CreGenb 2,90 2,61 9,84
Kopenb 5,55 7,04 27,18

Jluct 8,33 2,83 11,56

B+C/K Crebeb 5,35 2,01 8,17
Kopenn 6,31 12,18 29,59

Jluct 5,62 24,58 6,80

Cu CreGenb 1,43 5,20 8,95
KopeHb 6,14 17,68 55,03

Jluct 49,35 20,16 5,94

B+Cu CreGeb 8,82 4,64 5,73
KopeHb 20,84 17,01 64,18
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HCPo 05 0,50 0,43 1,06

Ta6muma 3.17. CoaepxkaHue B pa3IMYHBIX BEreTaTHBHBIX OpraHax po3

MHUKPO3JIEMEHTOB (OMbIT No5), Mr/Kr

BapuanTsl onbiTa bop Menp [Huuk

K Jluct 40,21 1,99 10,54
Crebenb 8,05 3,31 16,93

Kopenb 22,56 10,17 84,75

K+BI1 JIucr 86,02 10,56 24,90
Crebenp 7,43 10,58 34,62

Kopenb 41,24 12,82 84,81

B Jluct 42,90 3,21 52,21
Crebenb 7,03 5,80 48,36

Kopenn 21,12 12,08 122,68

C/K JIucr 62,02 3,98 17,13
Crebenb 14,15 4,47 17,51

Kopenb 23,16 12,50 130,77

B+C/K Jluct 65,75 2,14 16,50
Crebenb 12,14 3,63 18,13

Kopenb 25,50 9,67 125,73

B+BI1 Juct 32,27 4.80 40,00
Crebenb 12,05 7,31 51,92

Kopenb 37,49 10,31 123,71

C/K+BII Jluct 17,45 2,956 14,96
Crebenp 14,32 3,54 19,69

Kopenb 13,85 13,85 105.26
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B uepenkax 1o Jluct 13,95 4,16 35,64
HayaJjia ombITa

Crebenb 13,16 7,34 38,61
HCPy 5 1,38 0,35 2,69

W3BecTHO, 4TO Ae(UIUT HUHKA HapyLIaeT TOPMOHAIbHBIN OanaHc, KOrjia He
CHUHTE3UpPYETCSl aMUHOKHMCIOTa TPHUOTO(haH, KOTOPBI sBIsSETCS (PEHOIBHBIM
COEIMHEHUEM U IIEPBBIM 3BEHOM CHHTE3a ayKCuHa. Tak Kak 00p HENOCPEICTBEHHO
y4acTByeT B MeTa0oyn3Me (DEHOJIbHBIX COEAMHEHH, TO, MOXKHO MPEATOI0KHUTH,
YTO KOHIIGHTpAIMK OOpa M LMHKA CBA3AHBI KOPPEISLUOHHBIMU 3aBUCUMOCTSMHU.
Tax, B onbiTe Nel KOppensiuu Mexay KOHLEHTpauusMu OOp-UMHK B cTelie U
oop-uuHK B KopHe Obutu I' = 0,92, npu p=>0,95, uTo yka3pIBajio Ha OYEHb TECHYIO
OMOXUMHYECKYIO CBSA3b MEXIY dTUMHM djieMeHTaMu (TabJ. 3.13). B onbitax Ne2 u 3
TaKUX KOppesiiuMii He ObUI0 OTMEYEHO, 4YTO, I0-BHJIMMOMY, CBS3aHO C
HEJO0CTaTKOM a30Ta, HEOOXOIUMBIM JJII CUHTE3a aMUHOKHUCIIOT U ()EPMEHTOB, UTO
JUMHUTHPOBAJIO MX CHUHTE3, B TOM uucie U TpunropaHa. OTMEUEHO NOBBILIEHHE
coJiep)KaHue IMHKAa B CTEOJSIX U KOPHSAX pacTeHHil, 00paboTaHHBIX OOpOM MK
CYMMOH MHKpPO3JIEMEHTOB, 110 CPaBHEHHUIO C KOHTPOJIbHBIM BapuaHToM. MHorna
KOHIICHTpAIIUS [IMHKA YBEIMYUBajIach 10 2-X pa3 (tadi. 3.14-15). Takum oOpaszom,
IpU TOCTATOYHOM KOJM4YECTBE OOpa B paCTEHUH, B HEr0 HaYMHAJ MOCTYNATh IUHK
U3 TPYHTa, MHOTJA LIEJ TOJHBIA BBIHOC, U B I'PYHTE BOJOPACTBOPUMBIX (OpM

9TOTO AJIEMEHTa HE ONpeesuIoch (Tadir. 3.6).

Conepxanue 00opa B paCTEHUU HE 3aBUCEIO OT KOHLEHTpAIMU HUTPATHOTO
azota B rpyHTe. KoadurueHnt koppensium cogaepKanus 3TOro JIEMEHTa BO BCEX
BETE€TATUBHBIX OPTaHaX PacTeHHUs HAa KOHTPOJBHBIX BapUAHTAX MEXIY roJlaMHU BO
BpeMs HCClie[oBaHus Obl1 oueHb BbicOKMM (0T 0,82 mo 0,96, npu p>0,95), T.e.
coxpaHsuicsi TpeHna pacnpeneneHus. CojaepkaHue APYrUX HM3y4aeMbIX HaMu
MHUKPOAJIEMEHTBl HE KOPPEIUPYET MEXAY cO00i Mo rogam, 4ro, MO-BUAUMOMY,

CBs3aHBI C JAePUIIMTOM a3oTa B ombiTax Ne2 u 3, rie He ObUI0 OOHApYKEHO
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KOppessituii 00p-IMHK B cTe0sIe U OOP-IIMHK B KOPHE P03, B TO BPEMsI KaK B OIBITE

Nel stoT moka3zarens ObuT 0ueHb BBICOK (I = 0,92, mpu p>0,95).

®omnuapHas o0paboTKa pacTEHUM PacTBOPOM, COAEpk alIUM O00p, MEIb U
IMHK TOHMXKAET KOHIICHTPAIMIO KaXKJIOr0 M3 JITUX OJJIEMEHTOB B JIUCTOBOMU

IJIACTUHE, MO CPABHEHMIO ¢ 00pabOTKOM pacTeHHil OTAEIbHO 00OpPOM, MEIbIO WIIH

1uHKoM (Taour. 3.13-15).

B onbite Ne3 pacrenuss B nocineanue 30 CyTOK BEreTalnuy HCHBITHIBAIN
TeroBor ctpecc. OHOW U3 OCHOBHBIX MPUYUH TEIJIOBOTO IIIOKA, BHI3LIBAEMOTO
BBICOKUMHU TEeMIIEpaTypaMu, SBJISIETCA MOTEPS BOJbI PACTUTEIILHBIMU TKaHSMH,

YMEHBIIUTE KOTOPYIO IIO3BOJIACT MMOBLIIICHUEC YCTbUYHOTI'O COITPOTUBIICHMA.

OpHMM M3 OCHOBHBIX AJIEMEHTOB aJalTallMd PACTUTEIBHBIX OPTaHHU3MOB K
neperpeBy sBIAOTCS Oenku TemioBoro moka (BTII), koTopeie CHHTE3UPYIOTCS
Opu TOBbILIEHHH TemnepaTypel. J1o 30-50 O6enkoB, KOTOphle 00pa3yloTcsi B
pacteHuu yxe uepe3 3-5 MuHyT (HOBble TpaHCKpuIThl (BTLI), cooTBeTCTBYIOMIIME

MPHK) nocne pe3koro noseimenus remneparypsl (Measenes, 2004).

TernoBoi MIOK HEOJIATONPUATHO BIUSET HA COZIepkKaHUE OEIKOBOTO a30Ta, B
OTJINYKME OT BapuaHTa, ¢ 00paOOTKOW CANMIIUIOBON KHCJIOTOHM, IJi€ B CUTyalluu

cTpecca 3TOT IoKa3aTesb OYeHb BBICOK (Tab:1. 3.18).

[Ipu Bererauuu pacTeHHWl B YCIOBUSX TEIUIOBOro moka (ombIT Ne3) maer
HAKOILJICHWE MEIM M LMHKA B JIMCTOBOM IUIACTHHE, BO BCEX BAPHAHTAX, KpPOME
KOHTPOJIBHOTO, 3TH MUKPO3JIEMEHTHI MTOCTYNAIOT B HEE HE TOJIBKO ¢ 00paboTKaMu,
HO U U3 TpyHTOB. OJIHAKO, MPU HAPYIIEHUU BCEX OOMEHHBIX MPOIECCOB, B TOM
quciie U OENKOBOIO, 3TH 3JIEMEHTHl HE BOBJIEKAIOTCS B CEPUI0 OMOXUMHUYECKHX
MPEBPAIICHHM, a OCTAIOTCS HEBOCTPECOOBAHHBIMH, YTO MOXKET MPUBECTH K THOEIH
YEpEHKOB M3-3a UX CUJIBHOM TOKCMYHOCTH, B OTJIMYUE OT BAPUAHTOB C 0OpabOTKOM
CAJIMLIMIIOBOM KHUCJIOTOM, IZie He HaOJII0AAIoCh TaKOro HAKOIUIEHHA. B KopHsX

pacTeHH pe3Ko MajiaeT KOHIEHTpalUs Kajaus, 0 2,5 pa3, 4To, BO3MOKHO, CBSI3aHO
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C YydaCTHEM OJOTOro DJSJIEMCHTAa B TPAHCIOPTEC B BCPXHIOKO YaCTb paCTCHI/Iﬁ

MUTATEIbHBIX BELISCTB, B YACTHOCTH Meu U 1uHKa (Taou. 3.10).

OmnpeneneHre aKTUBHOCTU KaTaia3bl B CBEXHMX JIMCThSIX MOKa3ajo, 4TO B
BapuaHTax ¢ 0OpabOTKOW OOpOM M CaTUUMIOBOM KHCIOTOW A3TOT IOKa3aTellb
yBeIU4YUBaJICs B 2,7 pasa, M0 CPaBHEHUIO ¢ KOHTPOJbHBIM BapranToMm (K —1,6; B —
4,5; C/K — 4,5 B mr Hy Oz Ha 1 T CBEeXUX JUCTHEB). ITO MO3BOJSET PACTCHUSIM
JydIlie TMPUCTIOCOOUTHCSI K TETUIOBOMY IIOKY, TaK KakK IMOJ JEHCTBHEM KaTayas3bl
NEpPOKCUJ pasjaraercss Ha BOAY M KHCIOPOJ, 4YTO IIOMOTaeT MepeKUTh

HEOJIaronpusITHbIE YCIOBHSL.

B cTebisax pacTenuil Oblia onpeeieHa CyMmmMma OpraHu4ecKux KUCIOT (OIbIT
Ne3). VcraHoBieHo, 4YTO S3TOT TOKa3aTelb MOBBIIACTCS Mpu (HonuapHOU
00paboTKe pacTeHui OOPOM, MENIbI0, CYMMON MHUKpPOJJIEMEHTOB U CAIMIIMIOBON
kucioToir B 3-10 pa3, Tak B KoHTpoasHOM Bapuante — 0,11 %, B — 0,38 %, Cu -
0,39 %, > m/3 - 1,05 %, C/K — 0,38 % (ombrT Ne3) (ITamkesud u ap., 20126) u K -
0,075%, C/K - 0,09 %, B + C/K - 0,125 %, B — 0,105% (ombiT Ned4), uro mo
teopun Komeca, Takoe yBelIMYEeHHE KHUCIOTHOCTU KJIETOYHOTO COKa — OJMH U3
nyTel TMOJHATHUS TAaCCUBHOTO UMMYHHTETa pacteHuit (Baswios, 1986). M3BecTHO,
YTO MpPOLECC 00pa30oBaHUsl OPraHMUYECKUX KUCIOT y BBICHIMX PACTEHUN SIBISETCS
CJIEICTBUEM OKHUCIUTEIbHON auccummisiiiuu caxapoB (Kperosuu, 1971). Tak,
CyMMa CaxapuIOB B JIUCThSIX KOHTPOJIbHBIX BapHMaHTOB ObLIa MOYTH B JBa pas3a

BhIiIe B onbite Ne3, uem B ombiTe Ned (Tab:. 3.18-19).

EcTp MHEHHe, YTO TEMJIOBOM IIOK YBEIUYMBAET KOJIMYECTBO CaXapHIOB B
pacrenusix (Kperouu, 1971), uro nmoaTBepkaaeTcss HAIUMU UCCIe0OBaHUsIMU. B
Mepro/ TEMIOBOTO IToKa (OmbIT Ne3) JTUCThS HaKaIIMBaloT caxapa (Tab:. 3.18), nmo
CPAaBHEHUIO C PACTEHUAMHM B OoJiee 0JaronpusTHRIX yCIoBUsIX B onbiTax Ne3 u No5
(tabm. 3.19 -20). [Ipu nocTaToOYHOM COAEPKAHUU B PACTEHUHU a30Ta, B TOM YHCIIC U
OEJIKOBOT0, B 3THX OIbBITaX HE OTMEUEHO 3apa’K€HUE PACTEHUI MUKPOMHULIETHBIMU

UHPEKIUAMHU, Jake Mpu OOJBIION MUKPOOHOJIOTMYECKON Harpy3ke Ha pacTEeHUS.
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[lpu cpaBHenun wusyuaemoro copra Lovely Red, xoropslii oTHocuTCs K
BOCTIPHMIMYUBOMY K 3apakeHuto, u coprta Flash night, camomy ycroitunBomy K
nHpekuusm (cM. ['maBy 4), mokazaHo, YTO COJEpKAHUE B JIUCTHSIX DPACTCHUM
caxapu/JioB B TIEPBOM cIy4ae TOYTH B JIBa pa3a BHIIIE, YeM BO BTOPOM.
HaxkomieHrie MOHOCaXOPHIOB MOXKET OBITH CBSI3aHO C COPTOBBIMH 0COOEHHOCTSIMU
¥ YKa3bIBaeT Ha TO, YTO OMOXMMHUYECKHUE MPOIIECCHI UAYT HE aKTUBHO. Y BEIMYCHUE
yIJIeBOJIOB  0€3 COOTBETCTBYIOIIEIO YBEIMYCHHS OEIKOBOTO a30Ta MOXKET
NPUBECTH K TOMY, YTO caxapa OyIyT BBIXOAWTH M3 YCTHUI] U HAKAIIMBATHCS HA
JMCTE, CO3/7aBas ONIATONPHATHYIO Cpemy M  Pa3BUTUS  (DUTONATOTCHHBIX

MHUKpPOOPTaHU3MOB.

[Tokazano, uto (onuapHas oOpabOTKa pPO3 CAIMIIUIOBOM KHCIOTOM, Kak
AHTUCTPECCOBBIM  BEIECTBOM,  PETYJIUPYET  COJACpKAaHUE  MaKpo U
MUKPOIJIEMEHTOB. Tak, NP COBMECTHOM BHECEHHWH Oopa W CaJIHIHIOBON
KHUCIIOTHI, TIOHIKAET COJEPIKAHKME ITOTO AJIEMEHTAa B JIMCThSIX B YETHIPE pasa, 1Mo

CpaBHEHHIO C BAPHAHTOM, 00pabOTaHHBIM TOJIBKO O0poMm (Tad. 3.16-17).

Tabnuna 3.18. CoaepkaHue B pa3HbIX BET€TaTUBHBIX YAaCTSIX PACTCHUN YIJIEBOJOB

u 6ekoBoro azoTa (onbIT Ne3) B yCIIOBUSIX TEIIOBOTO cTpecca, %o

Bapuante ombita | Cymma | Monoca- | Jlucaxa- | M/Y* Noer. | Noen/Nopu,
caxapu- | Xapuabl | puabr**
JI0B

JIuct 3,84 2,36 1,41 0,60 1,02 0,61

K Crebenb 2,24 1,78 0,44 0,79 0,89 0,94
Kopenb 2,92 2,18 0,70 0,75 1,05 0,80

Jluct 4,22 2,70 1,44 0,64 1,14 0,62

B Crebenp 2,63 1,97 0,63 0,75 0,73 0,61
Kopens 3,40 2,09 1,24 0,61 1,11 0,59

JIuct 4,30 2,69 1,53 0,63 1,14 0,58
Crebenb 2,74 1,96 0,74 0,72 0,98 0,74
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Cu Kopenb 3,48 2,23 1,19 0,64 1,76 0,89
Jlucr 4,03 2,17 1,20 0,69 0,61 0,35

Zn | Crebenp 3,03 1,85 1,12 0,61 1,05 0,85
Kopens 3,93 2,62 0,86 0,74 0,96 0,57

Jlucr 3,14 1,76 1,31 0,74 0,93 0,45

Y Crebenb 2,84 1,91 0,88 0,67 0,60 0,46
Kopenb 3,71 2,43 1,22 0,65 1,36 0,72

Jlucr 4,09 2,63 1,38 0,54 1,53 0,77

C/K | Crebenp 1,99 1,21 0,74 0,61 0,99 0,91
Kopenn 3,03 1,87 1,10 0,62 1,59 0,93

HCPq 5 0,19 0,11 0,05 — 0,09 —

* M/ — oTHOIlIEHHE COAEePKaHUS MOHOCAXapUI0B K CyMME CaxapuoB

** Pacuet comeprkaHus qucaxapuioB: (CymMma caxapuaoB — MOHOcaxapuanl)*0,95

WNHTepecHbIM MOKa3aTeIeM JJisi OTMPESICHUSI MHTCHCUBHOCTH (POTOCHHTE3a
SBIIIETCSI  JIOJSl ~ MOHOCAaxapHuJOB  OTHOCUTEIBHO  CYMMBI  CaXapHUOB.
JleficTBUTEeNTEHO, HAMOOMBINAS JOJII MOHOCAaXapuja0B OTMEYallach B PACTCHUSX,
00pabOTaHHBIX CYMMOW MHKPO3JIEMEHTOB B ombITe Ne3 (Ta6s1.3.18), Ha BapuaHTax,
00pabOoTaHHBIX OOpPOM M BOPOM U CAIMIIMJIOBOM KHCJIOTON B ombiTe Ned (Tabul.
3.19), canuIIIOBOW KHCIOTOH, CATUITMIIOBOM KHCIOTOH W OOpOM M Ha BCeX
BapHaHTaX C BHECEHHEM OaKTepUaJIbHBIX MpenapatoB B ombiTe No5 (tabdi. 3.20).
Caxapumbl — OCHOBHOM MpoAyKT orocuHTe3a. X THIPOIN3 10 MOHOCAXapHIOB,
KOTOpPbIE HEMOCPEICTBEHHO BOBJICKAIOTCS B MPOIECC AHAIPOOHOTO JIbIXaHUS —
[JIMKOJIM3a, TI03BOJISIET  XapaKTepu30BaTb, KaK HWHTEHCHUBHO  IPOUCXOJAT
DHEPreTUYECKUEe W OMOCHHTETUYECKUE TMPOIECChl B PACTCHHSIX M KaKOW OpraH

ABysieTCs OnoxumMuueckon ¢padpukoit. Kak BuaHo B Tadi. 3.18-20, mpakTUyecku Ha
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BCEX BapUaHTax OIbBITOB, Oo0Jee MHTEHCUBHO «Ouoxumuueckas ¢dadpukay

(GYHKUIHOHUPYET B KOPHSX, 3aTE€M B JIUCTHSAX U CTEOJIAX.

Tabnuua 3.19. CoaepxaHue B pa3HbIX YaCTAX pacTeHUs yrieBoJoB (onbIT No4), %

BapuanTt Monocaxapuabl Cymma Hucaxa- M/ *
caxapuJoB —
K Jlucr 1,52 2,08 0,53 0,73
Crebenb 2,02 2,26 0,23 0,89
Kopenb 1,32 1,45 0,12 0,91
B Jluct 1,68 1,94 0,25 0,87
Crebenb 1,25 1,37 0,11 0,91
Kopens 1,12 1,97 0,81 0,57
C/K Jluct 2,50 3,13 0,60 0,80
Crebenb 1,91 2,11 0,19 0,91
Kopenb 1,23 1,58 0,34 0,78
B+C/K Jlucr 2,72 2,91 0,18 0,93
Crebenb 1,40 1,72 0,30 0,81
Kopens 1,24 1,40 0,15 0,89
Cu Jluct 1,27 1,65 0,36 0,77
Crebenp 1,15 1,44 0,28 0,80
Kopenb 1,00 1,06 0,15 0,94
B+Cu Jlucr 1,65 1,98 0,31 0,83
Crebenb 1,79 2,15 0,34 0,83
Kopens 0,84 1,21 0,32 0,69
HCPq o5 0,27 0,43 Hert Her

* M/} — oTHOILIEHUE COAEPKAHUS MOHOCAXapHI0B K CyMME CaXxapuoB
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Tabmuna 3.20. CopepkaHue yrieBOJOB B pPa3HBIX BEreTaTUBHBIX OpraHax

pactenus (onbIT Ne5), %

BapuanTs! onbiTa Momnocaxa- Cymma Jucaxa- M/>*
PUIIBI caxapujoB PUIIBI

K Jluct 1,04 2,08 0,98 0,50

Crebenb 1,29 2,93 1,56 0,44

Kopens 0,61 0,77 0,15 0,79

K+BI1T Jluct 1,71 2,22 0,48 0,77

Crebenn 1,18 1,56 0,36 0,75

Kopenb 0,31 0,55 0,23 0,57

B Jluct 1,94 3,34 1,33 0,58

Crebenb 1,48 2,77 1,23 0,53

Kopens 0,67 1,01 0,32 0,66

C/K Jluct 1,29 1,80 0,48 0,71

Crebenb 2,45 2,91 0,44 0,84

Kopens 0,82 1,71 0,85 0,48

B+C/K Jluct 1,81 2,11 0,29 0,86

Crebenb 1,62 2,45 0,79 0,66

Kopenb 0,73 0,77 0,04 0,95

B+BII Jluct 2,17 2,82 0,65 0,77

Crebenp 1,52 1,87 0,33 0,82

Kopens 0,51 1,13 0,59 0,45

C/K+BI1 Jluct 1,71 1,99 0,27 0,86

Crebenb 1,14 2,08 0,89 0,55

Kopenb 0,86 1,49 0,60 0,58

B JIuct 1,25 2,03 0,74 0,62
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yepeHkax | Crebenb 1,31 1,51 0,19 0,86
IO Haydasia
OIIbITa
HCPg 05 0,07 0,09 0,03 Her

* M/} — oTHOIlIEHHE COIepKAHU MOHOCAXapUA0B K CyMME Caxapu0B

Tabnuua 3.21. 301bHOCTh pa3HbIX BET€TATUBHBIX YacTel pacTeHus, %o

Bapuant omnbita/Ne ombita 30JIbHOCTh

Jlucr Crebenb Kopenn

Nel H/0O 9,31 24,82

K Ne2 17,29 8,38 15,46
Ne3 28,63 24,15 29,76

Nel H/0 8,42 29,52

B Ne2 15,64 11,58 17,42
Ne3 23,84 19,84 40,72

Nel H/0 8,81 34,96

Cu Ne2 17,07 13,23 23,0
Ne3 26,67 18,70 31,39

Nel H/0 8,82 39,88

Zn Ne2 21,27 10,67 39,56
Ne3 25,38 18,63 21,33

Nel H/0 8,99 37,1

3 Ne2 10,04 6,09 12,33
Ne3 33,3 19,23 28,21

C/K Ne3 24,75 17,05 33,68
HCPy 05 1,07 0,98 1,15




148

brocunTe3 caxapo3bl B paCTUTEIbHBIX TKAHSIX TECHEHUIIMM 00pa3oM CBs3aH
¢ (ochopHbiM 00MeHOM, TPAMBIM ydacTueM (pochopHOIl KHCIOTHI B MpoIlecce

dbepmenTHOrO cHHTE3a caxapo3bl (Kperosuu, 1971).

donmapHOoe BHECeHHE OoOpa B ONTHUMaNIbHOW KoHIEeHTparuu (1,22 1/m)
yIIy4IlIaeT YIJIEBOJIHO-OENKOBBIH OOMEH, YTO, B CBOIO OYepe]b, OJAronpusiTHO
BIUSCT Ha OMOXMMHYECKHH CTAaTyC PacTEHUsA. ITOT BBIBOJ HE MPOTHBOPECUHT

JUTEPATYPHBIM JaHHBIM (cMOoTpH ['naBy 1.2).

ACKOpOMHOBAsI KUCJIOTA SBIIACTCS OJHUM M3 BOXKHEHIIMX HE (PEPMEHTHBIX
aHTHOKCUJAHTOB B pacTEeHUHM, TaK Kak OHa CclocoOHa pearupoBaTb C
CYNEPOKCUIHBIM W THUJIPOKCHIIBHBIM pAJUKaJaMA M TEM CaMbIM CHWXAaTb HX
koHleHTpaiuioo B kietke (Kysuenos, Imutpuera, 2006). B nutepatype MHOro
JAHHBIX O JCHUCTBMM AaCKOPOMHOBOM KHCIOTHI Ha HWMMYHHUTET paCTCHHI.
Cuuraercsi, 4YTO OJHHUM U3 MPOSBICHUNA AKTUBHOTO HMMYHHUTETA SBIISIETCS
HOPMAaJIbHOE WJIM TIOBBIINIEHHOE 00pa3oBaHUWE B HUX AaCKOPOMHOBON KHCIIOTHI.
Hanpumep, noseimenue Ha 40 mMr % ackopOMHOBOM KHUCIOTHI B IJIOJAX MAHIO,
YBEIMYMBACT WX YCTOWYMBOCTh K TIOPAKEHUIO OaKTEPUSIMH, BBI3BIBAIOIINMU
natHucTocTh 1wiogoB [Van'Lelyvela, 1975]. OtBerHoi#l peaknmeld Ha MHOTHE
MOpaKEHUsI PACTEHUN SIBJISIETCS YCWJICHHBIM OMOCHMHTE3 aCKOPOMHOBOM KHCIIOTHI.
Tak, B IUCTHSIX BUHOTPATHOM JI03bI, BOCIPUUMYHBBIX K aHTPAKHO3Y, 0OHAPYKEHO
MOBBIIIEHHOE COJEP’)KaHUE ACKOPOMHOBOW KHCJOTHI NMPU BBICOKOW AKTUBHOCTHU

ackopOarokcuiassl (3eMIsIHyxuH, 1964).

®depMmeHT TONMGPEHOTIOKCHIa3a OKHUCIAET (DEHOJbHbIE COCIUHEHUS 0
COOTBETCTBYIOIIUX XWHOHOB, KOTOPHI€ TOKCHYHBI JUIsI TATOT€HAa. JTO
CCTECTBEHHAs peaKIus pacTeHHWs Ha pacrpocTpaHeHne uHPeknuu. C npyroi
CTOPOHBI, AKTHBHOCTh JTOTO ()epMEHTa TIOBBIIACTCS B Hadaje IIBETCHUS

(Mengenes, 2004).

3apaxeHne TKAaHM pACTEHHUs CHopaMu Tpuba BBI3BIBACT YBEIUUYCHHE

I[BIX&TCHBHOﬁ AKTUBHOCTH M IIapaJUICIIbHO PCE3KO BO3PaACTACT AKTHBHOCTDH
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nomugeHonokeuaaspl.  [pyrue Buabl HHQEKUMH OKa3blBalOT aHAJIOTMYHOE
JefiCTBIE Ha M3MEHEHUE aKTUBHOCTHU 3TOro (hepMeHTa B TKaHAX pacTteHuil. [[ns
MHQUIUPOBAHHBIX PACTEHUH XapakTepHa OoJiee BbBICOKAash AKTUBHOCTb 3TOTO

dbepMeHTa 10 CpaBHEHHUIO CO 3/I0pOBbIMU pacTeHusiMu (MenbkyMoBa, [Ipoxopos,

2008).

B pesynbrare uccienoBaHHil MOKa3aHO, YTO COJEp:KaHHUE ACKOPOMHOBOMU
KHUCIIOTHI OJJMHAKOBO BO BCEX BETETATHUBHBIX OpraHax Ha BCEX BApUAHTAX OIBITA,
kpoMme Bapuanta C/K+BII, rne ee comepaHue CyleCTBEHHO MEHbIIE, YTO, IO-
BUJIMMOMY, CBSI3aHO C 3aMEHOM aHTHOKCHJIAHTHBIX (DYHKIUN  JIpyrumMu
COCIMHEHUSIMHU. AKTHBHOCTb aCKOPOATOCKHAA3bl 3HAYMUTEIHHO TOBBIIICHA B
CTEONIAX pacTeHUH, BUIUMO, B HUX MPOHMCXOJUT CHHTE3 aCKOPOMHOBOM KHCJIOTHI.
AKTUBHOCTH MOJTU(GEHOIOKCHIa3bl OTMEYCHA B JTUCTHAX HA BapUAHTaX: KOHTPOIb,
o6op u caymmumioBas kuciora (B+C/K), camuuunoBas kKucioTa U Ouorpenapar
(C/K+BII). Ha xOHTpOARHOM BapHaHTE YBEJIMYCHHE AKTUBHOCTH CBSI3aHO C
WH(DEKITMOHHBIM CTPECCOM, Ha JIPYTUX BapHaHTaX, rje ObUT BHECEH B TOPPOTPYHT

OakTepHaIbHBIN MpernapaT — ¢ IBETCHUEM pacTeHui (Tadu. 3.22).

Tabmuua 3.22. CopepkaHue B pa3HbIX BETE€TaTUBHBIX OpraHax acKOpOMHOBOW

KHUCJIOTHI, aCKOpOaToKcH 1a3bl U nojiideHonokcuaasbl (onbIT NoS)

Bapuantel onbiTa | ACKOpOMHOBAsi | MI' OKUCIIEHHON acCKOPOUHOBOM KUCIOTHI/ 1

KHCII0Ta, MT % I ChIPOI1 HABECKU MO/ IEHCTBUEM
CBIPOTO Beca dbepmenra 3a 1 MUHYTY
Ackopbarokcunasa | [lonudenonockunasa

K Jluct 790 0,133 0,415
Crebenb 760 1,536 < 0,001
Kopenn 280 0,075 < 0,001
K+BIT Jluct 770 0,041 < 0,001
Crebenb 230 0,501 < 0,001

Kopens 230 < 0,001 0,343
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B Jluct 750 < 0,001 < 0,001
Crebenb 720 1,176 < 0,001

Kopenb 300 0,058 0,235
C/K Jluct 790 0,354 < 0,001
Crebenn 500 0,243 < 0,001

Kopenp 290 0,075 0,282
B+C/K Jluct 830 0,203 < 0,001
Crebenb 470 0,701 < 0,001

Kopenb 300 0,093 0,086

B+BI1 Jluct 810 0,07 0,198
Crebenn 760 1,686 <0,001
Kopenp 400 0,748 < 0,001

C/K+BIl |  Jluct 290 < 0,001 0,355
Crebenb 200 0,127 < 0,001

Kopenb 290 0,064 0,038

HCPo,5 25,6 - -

Takum o6pazom, npu ponuapHoii 00padOTKE pacCTEHUN PACTBOPOM OOPHOMA
KHUCJIOTBI U CMECHIO MUKPO3JIEMEHTOB (00p, MeJlb U IIMHK) KaK B OJIMHAPHOM, TaK U
B JIBOMHOM J103€ MO COCTaBy CMeCH XOrjlaHja, He ObUIO OTMEUEHO BU3YalIbHBIX
MPU3HAKOB MUKPOMHUIIETHON MH(EKIINH, TOTJa KaK Ha JPYTHMX BapUaHTaX OTMBITA
oHa cocraBuia 25-35 %. Ilpu o0paboTKu ABOMHON 1030¥ OOpHOW KHCIIOTHI
pacTeHus TIEPEeCcTarOT 00Pa30BBIBAThH OYTOHBI M IBETHI, YTO CBS3aHO, BEPOSITHO, CO
CHIW)KCHHEM  TMOJU(PEHONOKCHIa3HOM aKTMBHOCTH. B TpyHTax 3a Bpems
MPOBEJACHUSI ONbITa 3a 3 Mecsilla OTMEYEHO 3HAYUTEIBHOE ITOBBIIICHUE
BOJIOPACTBOPUMBIX (DOPM MEIW W IHWHKA, YTO CBS3aHO C MOOWIM3AIMEH 3THX
AJIEMEHTOB M3 OPraHMYEeCcKOro BellecTBa Topda M Onarogaps MHUHEpATU3YIOIIEH

ACATCIBbHOCTHU ABTOXTOHHOM MI/IKpO6I/IOTBI.
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@®onmapHass 00paboTka OOpHOW KHCIIOTOW YBEIHUYWIIA COJCp)KAHUE B
JIUCTBSIX 3TOrO 3JeMeHTa B 3,5-4 pa3a, cMeCchbl0 MUKPO3JIEMEHTOB — B 3 paza. bop
pachpenensicss O BEreTallMOHHBIM OpraHaM CIeAyRIuM o0pa3oMm: JHUCT >
KOPEHb >CTe0eNb, B OTIMYKE OT MEU U IIMHKA, TJe paclpeieieHIe OblIO IPYTUM:
KOPEHB > JTUCT > cTebeb. Takoe HaKOIUIEHWE BIIOJHE OMPABIaHO TEM, YTO MHOTHE
OMOCHUHTETHYECKHE TPOIIECCHI MMPOUCXOIAT B KOPHEBOM cucteme. Cle1oBaTenbHO,

Meab U HUHK 6oJiee 3(pPeKTUBHO BHOCUTH B TPYHT KaK KOPHEBYIO IIOJKOPMKY.

OTMe4eHO NOBBINICHUE CO/ICP)KAHNE IIMHKA B KOPHAX U CTEOJISIX PACTCHUH,
0o0paboTaHHBIX OOpHOM KHCIOTOH, 0 2-X pa3 MO CPaBHEHUIO C KOHTPOJIEM.
BeposiTHO, ipu tocTaTouHOM 0OOecredeHnrn OOpOM, MIET aKTUBHBIN MEeTab0JIM3M
(CHONBPHBIX COCAMHEHHWH, B YAaCTHOCTH, CHUHTE3HPYETCS IIMHKCOJEpIKaras
AMHHOKHUCIIOTa  TpUNTO(aH,  KOTopas  SBISIETCS  MPEIIIeCTBEHHHKOM
WHJIOJMITYKCYCHOW KHUCIIOTBI, C KOTOPOH CBSI3aH IIMHK, 4YTO, IO-BHIUMOMY,

34CTaBJIICT KOPCHD «IIOATATUBATDH» HUHK U3 I'PYHTOB.

CooTHOIICHUE MCXKIY H&HSGMHOﬁ Maccou YCPCHKOB IIOCJIC BEICTAllUKU H
Maccou KOpHeﬁ IMoKa3aJio, 4TO IIPpHU HCAOCTATKC B I'PYHTAX a30Ta 3TOT IMOKA3aTCJIb

ObLT B 2-6 pa3 MEeHbIIIe, YEM IIPU IOCTATOYHOM ero 00ecreyeHHOCTH TPYHTOB.

Pacnipenenennsi MakpoOdJIEMEHTOB IO BEreTATHBHBIM OpraHaM pPAacCTCHHS
OBLIO CIEAYIOITUM: JIJIT a30Ta — JIUCT > KOPEeHb > cTedenb; 1 Gocdopa — KopeHb

> cTebernpb > JIUCT; Ui Kallusl — KOPEHb > JIUCT > CTe0Eeb.

[Ipu ompexaeneHun B CTEOJAX PO3 CyMMBbI OPraHUYECKHUX KHUCIOT OBLIO
YCTaHOBJIEHO, YTO STOT IOKa3aTelb MOBBIIACTCS MpH (QoiauapHOil 00paboTke
pacTeHuil 60poM, MebI0, CYMMON MHUKPORJIEMEHTOB M CAIMIIMIIOBON KUCIOTOW B
3-10 pas3. Ilo Teopun Komeca, Takoe yBennueHUE KUCIOTHOCTH KJIETOUYHOTO COKa —

OJHH U3 HYTeﬁ MOAHATHUS ITACCUBHOI'O UMMYHUTCTA paCTeHHﬁ.

CoBMecTHOE BHeceHHE 00pa, MU U IIMHKA MOHMKAET WX KOHIICHTPAIUIO B
JUCTOBOM IJIACTHUHE, MO CPAaBHEHHIO ¢ 0OpaOOTKON pAacTEeHHM OTIEIBHO KaKIbIM

N3 5THUX 3JICMCHTOB.
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Buecenne Oopa, 0e3 BHECEHHS MeEIW, B MEIbACHUIIUTHBIX PACTCHHSIX
MPUBOJNUT K YTHETCHHIO aKTUBHOCTU Toyderonokcuaasbl. [lo aToii mpuunne, Ha
BapHUaHTaxX W 00pabOTKOM pacTeHUU OOpHOM KHcIOoTOW B jo03e 1,22 r/1, pacTeHus

HC Aar0T 6YTOHOB, B OTJIMYHKEC OT BCEX APYTHUX BapHaHTax OIIbITA.

TeruoBo# OK HEOJIATONPUATHO BIUSET HA COJIEpKaHUE OEIKOBOTO a30Ta, B
OTIIMYME OT BapwaHTa, C 0OpPaOOTKOW CAIMIIMIOBON KHUCIOTOW, TJ€ B CHUTyaIlud

CTpeCCa 3TOT ITOKA3aTCJIb OYCHb BBICOK.

IIpn Bererauuu pacTeHUil B YCJIOBHSX TEIUIOBOIO HIOKA MJET HAKOIUICHHE
MEIM M I[MHKAa B JIMCTOBOM IUIACTMHE, MOCTYNAOIIME B HEE HE TOJIBKO C
00paboTKamMH, HO U U3 TPYHTOB, MPU HAPYIIEHUU BCEX OOMEHHBIX MPOLIECCOB, B
TOM YHCJE U OEIKOBOI0, 3TH 3JIEMEHTHI HE BOBJIEKAIOTCS B CEPUI0 OMOXUMHUYECKUX
MpEBPAIlCHHU, a OCTAlOTCS HEBOCTPEOOBAHHBIMM, YTO MOXET MPUBECTH K THOENn
YEePEeHKOB M3-3a UX CUJIHLHONW TOKCUYHOCTH, B OTJIMYKE OT BAPUAHTOB C 00OpabOTKOM

CAJIMIIMJIOBOM KUCJIOTOM, /i€ HEe HAOJII0aJIOCh TAKOI'0 HAKOILJICHUS.

[TokazaHo, 4To B JHCTBIX pPO3 Ha BapHaHTax ¢ o0OpabOTKoW OOpoMm
aKTUBHOCTH TIMOJIM(EHOIOKCHIa3bl TMPAKTHUYECKH OTCYTCTBYET, UYTO KOCBEHHO
yKa3plBaCT Ha TIOBBIICHHYIO, II0 CPaBHCHHWIO C JPYTUMH BapHaHTaMH,

YCTOMYMBOCTD K (PUTOMATOTCHAM.
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I'naBa 4. Pe3yabrarbl HCCIeI0BAHUS [AeHCTBUA KPEMHMICOIEPIKAILEro
yaoOpeHuss U OaKTepHAJbHBIX TMPENaparoB, BHECEHHbBIX B TPYHT Ha

MOBbIILIEHHE YCTONYMBOCTH K HHPEeKIUAM

Xopomio MW3BECTHO, YTO MHUKPOOHOE HACEleHWe MPUKOPHEBON 30HBI
pacTeHMIA OKa3bIBaeT 3HAYMTEILHOE BIUSHUE HA BETETAI[MI0 PACTCHUN U Ka4eCTBO
pacturensHOU ipoaykiuu (Wippis, 1986). [eiicTBuTenbsHO, BIUSHUE GU3NISCKUX,
XUMUYECKUX M OHMOJOTUYECKUX CBOWCTB IMOYBHI HA PACTEHHWE B HAWOOJbBIICH
CTCTICHH TIPOSIBIISICTCSI MMEHHO uepe3 pu3ochepy U OOWTAIIUX B HEH
mukpoopranusmoB  (Rovira, 1979). Hsmenuth pusochepHOe COOOMIECTBO
BHECEHHEM OuomnpenapaToB Ha Oojiee PekTuBHOE MJISI Pa3BUTUS PACTCHHN —
OJlHAa W3 BAKHEUIIMX 3aJad JUIsl COBPEMEHHBIX HCcliefoBareieil. B 3Toil riaBe
pPacCMOTPEHBI BOIPOCHI MO0 MOOWITMU3AIMK MUTATEIBHBIX 3JIEMEHTOB W3 TPYHTOB
TocJie BHECEHUSI HETIOCPEICTBEHHO O] KOPEHb P03 OMOMpenapaToB U TUATOMHUTA.
Kpemuwniiconepkaiiee coeqMHEHNE — TUATOMUT BHOCHIIM, KaK UCTOYHHUK KaJlAs U

KpEMHUA IJIs1 BBIPpAIIUBACMBIX paCTeHHﬁ.

JInst u3ydyeHus BIMSHUSA OWONpenapaToB Ha MUKPOOHOE COOOIIECTBO IPyHTA
UCCIICIOBAIM TaKUE IMOKa3aTeln Kak: o0unee MHUKPOOHOE 4HCIIO (KOJUYECTBO
MUKPOOPTaHU3MOB,  BBIpOCIIMX Ha IluTaTtenpbHOM  arape), KOJHYECTBO
MUKPOOPTaHU3MOB C CUJIMKATHONW aKTUBHOCTBIO (MUKPOOPTAaHU3MBI, BEIPOCIITHE HA
cunuKaTHOM cpene). Tak ke u3ydancs BHIOBON COCTaB MUKPOOHOTO cOOOIecTBa

IPYHTa METOJIOM ra30Boi xpomartorpaduu — macc-criekrpometpun (I'X-MC).

Jns  ompeneneHuss — MOOWJIM3AallMOHHOW ~ aKTUBHOCTH  BBIJICIICHHBIX
OaKTEepHAIBbHBIX KYJIBTYp B TOPGOTPYHTE C IUATOMUTOM U O€3 HETO B OTHOLIEHUU
docdopa, Kanus U KpeMHUSI B CUCTEME TPYHT - pPACTEHHUE B MPOU3BOJACTBEHHBIX
YCIIOBUSIX OB 3aJIOKEH W TpoBeleH ombIT Ne6, ommcaHWMEe CXEMbI OIbITA
npeacrasiaeHo B ['maBe 2. BHenHuii Buj onbita — Ha puc. 2.5. Ilocne 3aBepiieHus
ombITa ObLIa U3MEPEHA JIJIMHA BCeX pacTeHuid. Pe3ynbrar npejcrasied Ha puc. 4.1.

OTMeuyeHO 3HaYMMO€E yBEIMYEHHE JUIMHBI pacTeHud Ha 35-50 % Ha BapuaHTax c
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OJHOBPEMCHHBIM BHCCCHUCM JOHATOMHUTA H BCCX HM3YHYaCMBIX 6aKTCpI/IaJIBHBIX

Ipenaparos.

IIpu Hanucanuu ['7aBel 4 uUCNOJB30BaHBI JaHHbIE ucciaenoBanui E.IIL.

Kuprommna (Kupromms, 2011) u E.JI. HelimatoBa (Helimartos, 2011).

3nauennss pH rpyHTa Ha TPOTSHKEHUHM BCETO OIBITA MMENO TEHACHITUIO K
cHmxkeHuto (tabdn. 4.1). Ha MoMeHT Hadanma SKCIEpUMEHTa 3TOT MOKa3aTeidb ObLI
0K0JI0 6, HanOoJIbIlIee MOBBIIICHUE KUCIOTHOCTA MBI HAOIIO/Ia i HAa BapUaHTaXxX C
o0paboTKoil OumomnpenaparaMd Ha OCHOBE KyJIbTYp 3 u 4, ¢ NpPUMEHEHHEM
IMaToMuTa, U 0e3 Hero, pH Ha ATUX ONBITHBIX y4acTKax CHHU3WJICA JO 3HAYCHHM

5,4-5,0. Ha ocTanbHbBIX BapuaHTax OMbITa 3TOT MOKa3aTesb cOCTaBuia 5,6 — 5,7.

Cumxenne pH B mpolecce 3KCIepUMEHTa MOXXHO OOBSICHUTH POCTOM
YUCJIEHHOCTH MUKPOOPTraHW3MOB, CIIOCOOHBIX PACTH Ha CHJIMKaTHOU cpezie. Beap B
IIPOLIECCE CBOEW IKU3HENESATEIBHOCTH OHU MOIYT BBIACIATH KHUCJIOTHBIE
COCIMHEHUs, HaImpUMep, YKCYCHYI0 WM a30THyI0 Kucioty. HaubGombiiee

cHmkenne pH ormeueno Ha Bapuante TII/14.

120
100 I
80 I e
60 *

CM

SFLPFHFIFT LSS

BapuaHTbl onbiTa

Pucynox 4.1. Beicora po3 Flash night no BapuanTam (mpon3BoACTBEHHBIN OIBIT Ne
6).
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JIelCTBUTENBHO, MPU PACCMOTPEHUN CTPYKTYPbl MUKPOOHOTO COOOIIEeCcTBa
ATOTO BapuaHTa B MOJACIBHOM OmbITe (Ta0. 4.19), ObIJI0 OTMEUEHO yBEIMUEHUE HA
HOPSIOK  YMCIIEHHOCTH OakTepuii poma Acetobacterium, koropeie oTiIMYarOTCS
CITIOCOOHOCTBIO K HAKOIJICHUIO YKCYCHOM KHCJIOTHI, cMOTpH Tabiu. 4.19. B cBoro
ouepe/lb, KOPHEBbIE BBIACICHUS PACTEHHM MMEIOT KUCIOTHYIO MPUPOAY

(OpraHryuecKue KUCIOThl, YTroJibHasi KHCIIO0TA), UTO Takxke cHuxkaeT pH rpyHTa.

Tabnuna 4.1. lunamuka pH B TopdorpyHTax npousBoICTBEHHOT0 onbiTa Ne6

BapuanTsi Hauaino 7 CyTOK 14 cyTox 28 cyToK 56 cyTok
OTbITa

TII 6,0 6,0 5,8 5,8 5,7
TII 6,0 6,0 5,8 5,7 5,7
TIT1 6,0 6,0 5,8 5,7 5,6
TIIA1 6,0 5,9 5,8 5,7 5,6
TI12 6,0 6,0 5,8 5,7 5,6
TIIA2 6,0 6,0 5,8 5,7 5,7
TII3 6,0 5,9 5,7 5,5 5,4
TIIA3 6,0 5,8 5,6 5,3 5,1
TI14 6,0 5,9 5,8 5,6 5,5
TII14 6,0 5,9 5,8 5,7 5,0
HCPo 05 Fp<Foos" Fo<Foos Fo<Foos 0,1 0,1

* 3nech U Janee — HET BapUaHTOB, paznyarouuxcs Ha ypoBHe 3Hauumoctu 0,05%

CopnepkaHre HUTPATOB B IPYHTE 3HAYMMO BBIPOCIO HAa BCEX BApPUAHTAX
onbiTa (Tabdn. 4.2), HO, B OCHOBHOM, 3TO MPOM3OILIO MO NPUYUHE YCUICHHOU
MOJIKOPMKM PAacTeHHil a30ToM B (GopMe HUTPATOB B PE3yJbTaTe MOCTOSHHOIO
KalneJbHOro ImnosuBa pacteHuid. CocTaB MOJMBHBIX BOJ Ha IPOU3BOJCTBE
npexacrasieH B ['nmaBe 2. Bbicokue 3Hau€HUs HUTPATHOTO a30Ta B TPYHTAX MbI

OTMCYaJIu B TCUCHUEC MHOI'UX JICT pa6OTI)I B YJIBbSIHOBCKOM COBXO03€ JACKOPATUBHOI'O
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CaJOBOACTBA. OJTH 3HAYEHUS MPU IOCTOSSHHOM MHOTOJETHEM HCIIOJIb30BaHUU
TPYHTOB C CHUCTEMOM KAamleJbHOTO IOJMBA AOXOJIWIHA /10 HECKOJBKHX JECSITKOB
ThICSIY MI/KT TpyHTa. HanOonee 3HauMMble pa3nvuds OKa3aJluCh Ha BapUaHTaX
TIIA3 u TII[4, 31ech 3TOT mOKa3aTesb ObLI BBIIIE, YeM Ha JAPYTHX BapuaHTax B 5
— 6 pas, 4TO CBS3aHO C YBEIUYCHUEM HA J[BA MOPSIKA YHCICHHOCTH CanmpoTpodoB
U, Kak CIIeJICTBUE, AKTUBU3ALMM HUTPU(DUKATOPOB, HA ITUX BaAPUAHTAX, IO

CpaBHCHHUIO ¢ KOHTpobHBIMU Bapuantamu TI1 u TITJ (Tabm. 4.10).

ConepkaHue HWOHOB AaMMOHHMSI BO BCEX BapHAHTOB OMNBITA OBLIO
HE3HAUUTEIbHBIM H Kojiebanmoch OT 2 10 4 MI/KT TpyHTa, 4YTO, TaKKe
CBUJETEIHCTBOBAJIO O BBICOKOM HMHTEHCUBHOCTH  HUTPU(PUKAIMH  TOCTE

aMMOHU(UKAITUU B TOPHOrpyHTAX.

Tabnuna 4.2. ConepkaHue HUTPATOB B TOPGOTrpyHTE, MI/KI (IIPOU3BOJACTBEHHBIN

onbIT Ne 6)

Bapuants! onbiTa Hayvano 56 cyTok
TII 340,0 680,0
TILJ 340,0 640,0
TII1 340,0 1120,0
TIIA1 340,0 1600,0
TII2 340,0 1200,0
TITJ2 340,0 1200,0
TII3 340,0 1030,0
TII13 340,0 4060,0
TI14 340,0 1070,0
TII14 340,0 2900,0
HCPq 5 Fo<Fo,os 155,0
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N3menenne coxaepxxkanus Qochopa B TpyHTE 3a 56 CYTOK OBLIO
3HaunTenbHbIM (Tabim. 4.3). Uepe3 56 CyTOK MakCHMalbHOE €ro 3HAYCHUE
nocturanu 480 — 580 MI/Kr rpyHTa Ha BapuaHTax ¢ MPUMEHEHUEM OMOTMpenapaToB
3 u 4, kak ¢ AMaTOMUTOM, Tak W 0Oe3 Hero. Ha yBenuueHnuwe conepxkaHus
BoziopacTBopuMOro ¢ocdopa, 3a CYET JOKATHHOTO TOJKHCICHHS, TOBJIHIIA
3HaueHust pH rpyHTa, KOTOphIe Ha 3THX BapHaHTaX ObUIM MUHUMANbBHEI (5,0 — 5,4),
YTO CHOCOOCTBOBAJIO XMMHUYECKOMY DA3JIOKEHHI0 OPraHMYeCKOro BEIECTBA U
TPYAHOPACTBOPUMBIX  (ocPopcoaepKaluX COCIUHEHUM C  MOCIETYIOIUM
BBICBOOOXKACHUA (ochopa. OO0 3TOM CBUIIETEIBCTBYET BBICOKMM KOA(DQPUIIUECHT
KOppelsiliuid  MEXIy 3HaueHusMu pH u copepkaHueM BOJOPACTBOPUMOTO
dbocdopa, koTopeiit paBeH I = — 0,87. Bricokass 4MCIEHHOCTh MHUKPOOPTAaHU3MOB
TPYHTa TaK € CIIOCOOCTBYET pa3jOXKEHHI0 €ro OpPraHM4ecKoro BEIECTBa H,
COOTBETCTBEHHO,  MoOmmm3anuu pocopa. Ha  KOHTpOJBHBIX  BapuaHTax
MPOUCXOJMIIO HE3HAUYUTEILHOE TMOBBIIICHHE COJEPXKAHUS BOJIOPACTBOPUMOTIO
docdhopa (tabmn. 4.3), YTO, MO-BUAMMOMY, BBI3BAHO >KH3HEICATEIHHOCTHIO
ABTOXTOHHON MHUKPOOHMOTHI U JIOKAJIbHBIM MOJKUCIEHUEM pU30c(epbl pacTEHUSIMU
3a CYET KOPHEBBIX BBIJICIICHUN. B TpyHTE MPOM3BOJICTBEHHOT'O OMBITA, TaK ke Kak
U B TPYHTE MOJEIBHOTO TPOSIBISAIOTCA OOJiee BBHICOKHME 3HAYCHUS KOJIMYECTBA
BOJOPAacTBOPUMBIX  ¢ochaToB Ha BapuaHTaX C JAATOMHUTOM, UYeM Ha

COOTBETCTBYIOILIEM BapHaHTE TOJBKO C 00pabOTKON OHompenapaTami.

Tabmuna 4.3. Jlunamuka conepkaHus B TPYHTax MPOU3BOACTBEHHOTO ombiTa Neb

BojiopacTBopuMoOro dochopa, mr/kr (Kupromun, 2011)

Bapuantsl Hauano 7 CcyTOK 14 cyTok 28 cyToK 56 cyTok
TII 102,7 148,5 146,9 154,3 159,1
TIII 102,7 163,4 179,4 1743 181,0
TII1 102,7 169,1 183,1 300,4 287,6
TIL1 102,7 175,1 183,3 312,5 338,0
TII2 102,7 167,1 171,4 1911 209,1
TIIA2 102,7 265,2 268,7 2178,6 270,6
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TII3 102,7 180,8 192,0 298,5 463,4
TII3 102,7 185,6 226,3 319,3 515,3
TIT4 102,7 165,2 166,0 229,6 469,9
TII4 102,7 1734 183,5 333,7 560,4
HCPogs Fo<Foos 8,9 9,7 12,9 34,6

CopnepxaHue BOJOpPAcTBOpUMOro Kaiusi (Tabm. 4.4.) BBIPOCIO Ha BCEX

BapUAHTaX ONbITA C MPUMEHEHUEM MHUKpPOOMOJIOTMUYECKUX IpernapaToB. Yepes 56
CyTOK ero konueHtpauus coctabisiia 800 — 1200 mr/kr rpynrta. HambGombiee
yBennueHue npousonio Ha Bapuante TI1/14. Ctonp BeicOKast MOOMIN3aLNS KaJINs
MOJKET OOBSICHATHCS MOJKHUCICHUEM TPYHTA, TaK KaK KO3(PPHUIHEHT KOppeIsuuu
Mexay pH u nmanHbIM mokasatenem coctaBuil = — 0,65. PasHuubsl Mexny
Bapuantamu TII u TIIJI, 3amedyeHo He ObLIIO, HO B MPOLIECCE BETeTAIIMM HA ITHX
BapHaHTax HAOJIOJANOCh MOBBIIICHUE KOHIICHTPAIMU BOJOPACTBOPUMOIO Kalus

npumMepHo ¢ 200 go 500 mr/kr rpyHTa.

Tak e ciexyer OTMETUTh, 4YTO KOI(P(OUIMEHT KOPPESLIUH MEXITY

COJCp’)KAHUEM  BOJOPACTBOPUMOrO KajlWsi B TPYHT€ U  UYHUCICHHOCTHIO
MUKpPOOPTraHU3MOB, BBIPOCHIMX Ha CHJIMKATHOW cpene, paBeH I = 0,74, uyto

CBHUJICTEIHLCTBYET 00 WX BIIMSHUN HAa MOOWIM3AIIHMIO 3TOTO 3JieMeHTa (Tadi. 4.11).

Tabnuua 4.4. JlnuHamMuka cojep:kaHue BOAOPACTBOPUMOIrO Kajiusl B TOPPOTpyHTE

MIPOU3BOJICTBEHHOTO OMbITa Ne6, MI/Kr

BapuanTsi Hauaino 7 CyTOK 14 cytok 28 cyToK 56 cyTok
TII 227,0 260,0 360,0 480,0 460,0
TII 227,0 300,0 390,0 470,0 480,0
TII1 227,0 310,0 380,0 500,0 810,0
TIIA1 227,0 320,0 520,0 540,0 870,0
TII2 227,0 410,0 480,0 590,0 790,0
TIIA2 227,0 420,0 490,0 710,0 820,0
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TII3 227,0 350,0 490,0 540,0 700,0
TII13 227,0 390,0 480,0 590,0 820,0
TI14 227,0 280,0 580,0 760,0 1030,0
TII[14 227,0 330,0 530,0 860,0 1160,0
HCPo,05 Fo<Foos 17,0 28,0 36,0 64,0

I[I/IHaMI/IKa COACPIKAHMA BOJAOPACTBOPHUMOIO KPCMHHA TAKKC HMCIIA

TEHJICHIINIO K pocTy (Tabi. 4.5). Hanbonblyto akTHBHOCTh K MOOUJTU3AITUN 3TOTO

pJIeMEHTa TMpOsIBUIIM Ouomnpenaparsl Ha ocHoBe KyinbTyp 3 u 4. K momeHty

OKOHYAaHHA OIIbITa €TI0 COACPKAHUEC B TPYHTC IOTHX BApUAHTAX IIOBBICHIIOCH

npaktudyecku B 10 pa3 m coctaBuwio 25 — 30 wmr/kr rpyHra. Koadduiument

KOPPEJSAIUKA TIOKa3all, YTO Ha MOOWJIM3AIMIO KPEMHUS B HAMOOJBIICH CTEMEeHU

NOBAMUIO noAkuciaeHue cpenbl (I = - 0,84) U YUCIEHHOCTh MUKPOOPTaHU3MOB,

001a1a0UX CHIIMKATHONW aKTUBHOCTH (I = 0,66)

OtmeueHo, yTo KOI(D(PUIMEHT KOPpEeSIUU MEXIY BOJAOPACTBOPUMBIMU

dbopmamu docdopa u kpemuus paseH 0,97, 4To TOBOPUT O OOJIBIIIOM POJICTBE B

M06I/IJII/133L[I/II/I 9THUX JJICMCHTOB B IMOYBC W IOIJIOHMICHUCM PACTCHUSAMH, YTO OBLI0

OTpakeHO B psje myonukanuii (MarteraenkoB, bouaprukosa, 2003; UymaueHko,

Amues, 2001; I'mankosa, 1982).

Tabmnura

Jlnnamuka

CoZep KaHUS

TOphOrpyHTE MPOU3BOJICTBEHHOIO OMbITa N6, MI/KI

BOAOPACTBOPHUMOTO

KpEMHUS B

Bapuantsl Hauano 7 CcyTOK 14 cyToxk 28 cyToK 56 cyTok
TII 3,2 3,6 3,8 2,9 2,3
TILJ 3,2 4,6 4,1 50 50
TII1 3,2 5,7 6,6 9,2 13,3
TIIA1 3,2 5,8 6,1 8,9 16,0
TII2 3,2 53 5,2 10,7 11,6
TIIA2 3,2 4,9 5,0 11,7 11,6
TI13 3,2 9,6 12,7 17,5 28,3
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TII3 3,2 9,8 12,9 23,2 31,2
TIT4 3,2 7.6 10,8 143 25,8
TI4 3,2 8,3 10,2 15,2 27,7
HCPogs Fo<Foos 0,4 11 13 2.2

AI'pOXI/IMI/I‘-IeCKI/IX dAHaJIM3 PA3JIMYHbIX BCICTATHBHBIX OPIaHOB PO3 IIOKAa3aJl, 4TO

Ha BapuaHTax C IMPHUMCHCHUCM 6I/IOHpel'[apaTOB IMPOUCXOANIIO 0oJilee MHTEHCHUBHOE

IIoriIomecHUuC as3oTa PpacCTCHIAMU (Ta6J'I.

46).

Hauboinpinee OTHOCHTEIIBHOE

YBEJIMYEHHE 3TOTO 3JIEMEHTA, N0 cpaBHEeHHIO ¢ KoHTpoJeM (TII u TII/), otmeyeHO

JUIs1 KOpHEBOM cucTeMbl pactenuit (Kupromun u ap., 2010).

Tab6muma 4.6. Conepkanne a30Ta B BETETaTUBHBIX YaCTIX pacTeHus, %o

Bapuantel JIuct Crebenb Kopenp
TII 2,27 1,08 1,25
TILA, 2,26 1,07 1,10
TII1 2,38 1,12 1,32
TIIA1 2,49 1,17 1,36
TII2 2,45 1,00 1,26
TII12 2,48 1,29 1,54
TII3 2,34 1,18 1,47
TIIA3 2,52 1,14 1,56
TI14 2,54 1,39 1,67
TII14 2,69 1,38 1,73
HCPo 05 0,03 0,04 0,03

Hakomnenune ¢ocdopa pacTeHusIMH MHTEHCHUBHEE BCETO MPOMCXOAMIO Ha

BapHaHTax C IPUMCHCHHUEM 6I/IOHpCHapaTOB 3 ¥ 4 COBMECTHO C AUaTOMHUTOM H oe3

Hero (tabn. 4.7). Tennennus HakoruieHus pocdopa mo opranam pacteHus Oblia

cxoxa ¢ TakoBoi /st azota. Conepsxkanust pochopa B JUCTHAX PO3 KOJIEOAIOCh OT
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0,4 no 0,55 %, B crebmsax 0,4 — 0,6 %, HanOoIbIIME 3HAYCHUS OBUIM ITOKa3aHbI B
kopHax — ot 0,9 mo 1,2%. Bce Bapuantsl, 3a uckmouenrem TII1 3Haunmo
ommyanuch OoT (oHoBbix BapuanToB (TII m TII/I), 4TO TOBOPHUT O TOM, HYTO
00paboTka OumompenapaTaMu Ha OCHOBE KyibTyp 2, 3, u 4 — sddekTuBHa.
KommdyectBo  ¢ocopa B  pacTeHUAX KOPPEIUPOBAIO C  COJACPKAHUEM
BoJiopacTBOpUMOil  dopmbl dochopa, KpeMHUS B TPYHTE U UHUCICHHOCTHIO
MUKPOOPTaHU3MOB C CHJIMKATHOW AaKTUBHOCTBIO, KOA(D(PHUIIMEHTHI KOPpESIuu
ObUTM JOBOJILHO BbICOKM U paBHstuch 0,75, 0,82 u 0,96, COOTBETCTBEHHO.
CrnenmoBaTenbHO, O9TH JIaHHBIE €II€ pa3 CBUACTEILCTBYIOT O B3aUMOCBSI3U
YUCJICHHOCTH MHKPOOPTAaHU3MOB C CHJIMKATHOW aKTHBHOCTh, COJIEPKaHUH
BOJIOPACTBOPUMBIX (GopM dochopa, KpeMHHUSI B TPYHTE, a TaKKe WX TMOTJIONIEHUU
pacrenussmu (MatbraeHkoB, bouaprmkoBa, 2003; Uymauenko, Ammes, 2001;

I'magkoBa, 1982).

Tabmuua 4.7. Copepxanue @ocpopa B BEreraTuBHBIX OpraHax pacTeHUN

MPOU3BOICTBEHHOTO OmbITa Ne6, %

BapuanTsl onbiTa Jluct Crebenb Kopenb
TII 0,4 0,41 0,94
TII 0,38 0,46 0,98
TII1 0,42 0,47 1,01
TIIA1 0,48 0,53 1,05
TII2 0,46 0,51 1,06
TITA2 0,45 0,49 1,06
TII3 0,45 0,55 1,11
TITA3 0,54 0,58 1,18
TI14 0,53 0,48 1,13
TII14 0,56 0,53 1,2
HCPg 05 0,01 0,01 0,03
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Haxomuenust xanus B po3ax Tak e ObUIO 3HAYMMO BBIIIIE HA BapHAHTaX C
npuMeHeHueM OuornpenapatoB (tabn. 4.8), yem Ha ¢onoBbix (TII u TIIMI).
HauOonee 3Haumma, 3Ta pasHHMIIA NPOSBUIIACH B KOPHSAX PACTEHHI, 37leChb OHA
cocrtapisieT npaktudecku 100% (ot 0,2 % mo 0,4%). Tak xe Oonbluas pa3HHLA
Ha0mro1anach U B CTEONSIX pacTeHUH, B CPEHEM COJIepKAaHKE YBEIMUMBAIOCH HA

0,5% - Ha ¢ponoBbIX BapuanTax u 0,8% - Ha OCTaIbHBIX.

Tabmuna 4.8. CogepxaHue Kanusi B BEreTaTUBHBIX OpraHax pacTeHH

MIPOM3BOJICTBEHHOTO OMbITa Ne6, %

BapuanTs! onbiTa JIucr Crebenb Kopenb
TII 1,12 0,84 0,48
TIII 1,46 1,04 0,40
TII1 1,86 1,62 0,96
TITA1 1,98 1,76 0,82
TII2 1,94 1,68 0,84
TITA2 1,96 1,66 0,74
TII3 1,88 1,48 0,68
TITA3 2,02 1,56 0,72
TI14 2,18 1,66 0,88
TIT14 2,20 1,76 0,94
HCPo o5 0,23 0,19 0,18

HaunGospiiee HakorieHne KPEMHHUS B JIUCTHSIX M CTEOJISIX MPOUCXOIUIIO HA
Bapuantax TII3, TIIJA3, TII4, TIIJI4, rne 3HadyeHuss NpuUOaBKU KOJIEOAIHCH OT
0,21% no 0,26%, a B xopusix — 0,16 — 0,22 %. Ha BapmanTax ¢ mpuMeHEHUEM
OCTaJIbHBIX OMOIpenapaToB ObLIM OTMEUYEHBI 3HAYMMBbIC OTJIMYHUS 110 HAKOTUICHHUIO
KPEeMHHUS B CTEOJISIX U IUCThsX. [IpnbaBieHre 0JHOro TMaTOMUTA 3HAYUMO BIIHSIIO

Ha HAKOIUJICHUE KPEMHUS TOJIBKO B KOpHSIX (Tabi. 4.9).
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Tabmuua 4.9. CopepkaHue KpeMHHS B BEre€TaTUBHBIX OpraHax pacTeHU

MPOU3BOACTBEHHOTO OmbITa Ne6, %

BapuanTsl onbiTa Jluct Crebenb Kopenb
TII 0,13 0,08 0,11
TII 0,12 0,13 0,13
TII1 0,18 0,15 0,14
TIIA1 0,18 0,16 0,14
TII2 0,15 0,14 0,14
TITA2 0,18 0,14 0,16
TII3 0,21 0,24 0,17
TIIA3 0,25 0,24 0,18
TI14 0,21 0,21 0,16
TII14 0,26 0,23 0,22
HCPg 05 0,01 0,01 0,01

Bo BpeMss NpoBeleHUs NPOU3BOJACTBEHHOTO OMNbITa B TOp(OrpyHTE
NPOM30IIE] 3HAYMMBI POCT YUCIEHHOCTH T'eTepOTPO(PHBIX MUKPOOPTaHU3MOB
(0o6mero MukpoOHOro umcia). UHMCIEHHOCTh MHUKPOOPTaHM3MOB, BBIPOCIIMX Ha
[TuTaTensHOM arape, yBeamuunach Ha 1-2 mopsaxa, B cpenneM ¢ 5x107 go 10°, na
BCeX BapHaHTAX OIbITA 3a UcKiItodeHneM TII, MOXKHO OOBACHUTH KaK PerysspHbIM
BHECEHHEM OMOIPENapaToB, TAK U BbIAEISEMBIMA KOPHAMU PACTEHUI HKCCYIaTOB,
KOTOpbIE SBJIAIOTCA HCTOYHUKOM JIEFKOJOCTYITHOTO OPraHUYeCKOro cyocTpara s
NUTaHUS TeTepoTpoOB, UYTO CHIXKAIO TPODHUECKYI0 KOHKYPEHIMIO MEKILY

MHUKPOOPTaHU3MaMH U CTUMYJIHPOBAJIO POCT UX YuclieHHOCTH (Tab:. 4.10).

3a Bpems  OKCIEpHUMEHTa TaKKe OTMEYeH 3HAYUMBIH  poOCT
MUKpPOOPTaHU3MOB, BBIPACTAIONIMX HA CHIIMKATHOW cpexe (tabn. 4.11). Tak, 3a 56
CYTOK 3TOT IMOKasaTedb yBeIW4Ywica Ha 2,5 — 3 mopsjka Ha BapHaHTax cC

IIPUMCHCHUEM MI/IKpO6I/IOHOFI/I‘I€CKI/IX npemnapaTroB, KaKk COBMCCTHO C TMATOMUTOM,
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Tak u 0e3 Hero. Hanbonplue yBeanyeHne YMCICHHOCTH MPOU3OIII0 Ha BapUAHTE
C TIpUMEHEHuEeM Ouonpernapata 2, 3[eChb YHUCICHHOCTbh MHUKPOOPTaHU3MOB,
00JIaaloIMX CUJIMKATHOM aKTUBHOCTBHIO BO3pOCia C 10° MPAKTUYECKU 0 5%108

KOE/r rpyHnTa.

Ha Bapuante ¢ npoGaBnenumem pgumatommrta (TIIJI) poct uymciaeHHocTH
COCTaBWJI TMOJ TMOPs/IKA, HAa KOHTPOJILHOM BapUaHTE 3HAYMMBIX pa3IUudid B
YUCJICHHOCTH OT HaJaJia JI0 KOHIIA SKCIIEPUMEHTA 3aMEUYeHO HE OBII0, YTO TOBOPUT
O TOM, 4YTO Ha POCT KOJHMYECTBA MHKPOOPTAaHU3MOB, CIOCOOHBIX pPACTH Ha
CUJIMKaTHOM  cpefe, B  HauOOJIBIIEM  CTENEHW  TOBIUsJa  oOpaboTKa
OuornpenapaTaMi OIBITHBIX YY4acTKOB. BHeceHHMe nuaToMuTa 3HAYUMO Ha 3TOT

IMOKa3aTCJIb B ITPON3BOACTBCHHLIX YCIIOBHAX HE ITOBJIUAIO.

Tabmuna 4.10. YucneHHocTs canpoTpodoB B TPYHTE MPOU3BOACTBEHHOTO OIBITA

(Ig KOE/r Bo3mynIHO-CyX0ro rpyHTa)

BapuanTs! onbiTa Hauano Uepes 56 cyTok
TII 7,64 7,68
TILJ 7,58 7,83
TII1 7,78 8,76
TIIA1 7,56 8,62
TII2 7,71 9,37
TILJ12 7,32 9,43
TI13 7,44 8,99
TII3 7,69 9,20
TI14 7,54 9,03
TI114 7,57 9,14

[Ipu olieHKe 0JIM MHUKPOOPTaHM3MOB, BBIPOCIIMX HA CHJIMKATHOM Cpelie OT
obmero mukpoOHoro uwmcia (Tabn. 4.12), ObUIO IMOKa3aHO, 4TO 00padoTKa

ouornpenapaTaMu W3MEHsIa CTPYKTYPY MHUKPOOHOTO COOOIECTBA, CHUIMKATHBHIE
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MHUKPOOPTraHU3Mbl 3aMCTHO YBCIIMYMWIM CBOC KOJHUYCCTBO B I'PYHTC, X HOJA B

coobmecTtBe yBenuumiaack B 10-30 pa3 oT YUCIEHHOCTH canpoTpodoB.

Tabmuua 4.11. YucieHHOCTb MHUKPOOPraHM3MOB Ha CWJIMKAaTHOM  cpene

npousBoacTBeHHOTO ombiTa Ne6 (Ig KOE/r Bo3myIiHO-cyXoro rpyHTa)

BapuanTsl Hauvano UYepes 56 cytok
TII 5,17 5,28
T 5,32 5,70
TII1 511 7,23
TIIA1 5,26 7,80
TII2 5,12 8,25
TIIA2 5,17 8,36
TII3 5,02 8,00
TIIA3 5,14 8,08
TI14 5,13 7,64
TII 14 5,21 8,03

HauGosnbiiee M3MEHEHHWE COOTHOUIEHUS CHJIMKATHBIX OakTepuil U
campotpodoB O0b110 oT™MeueHo Ha BapuanTe TIIJ[1. DTo Takxke OBLIO MOKa3aHO B
BEreTAIIMOHHOM M MOJieIbHOM ombiTax Ne7 u Ne§, cieroBarenbHO, TIepecTpoiika
CTPYKTYpPhl MHKPOOHOTO COO0OIllecTBa B OTHOIIEHMM JTUX [JBYX TpYIIII
MUKpPOOPTaHU3MOB TIPH BHECEHUU OUOIpEenapaToB aHAJIOTHMYHA B AKCIICPUMEHTAX
paznmuuHoro ypoBHs. Ha d¢onoBeix Bapumantax, TII u TIIJ, cymiecTBEeHHBIX
W3MEHEHU He HabJII0IaIoCh, OJTHAKO, HA BapUaHTaX MPU COBMECTHOM BHECEHUU
Owomnpenapata ¢ JAHATOMHUTOM, HaOmOmamoch  Ooyiee  BBICOKas  JOJS

MHUKpPOOPraHU3MOB, CITOCOOHBIX PACTH Ha CHJIMKATHOU cpee.




166

Tabmuua 7.12. o MUKpOOpPraHM3MOB B TOP(MOrpyHTE MNPOU3BOJICTBEHHOIO

ombiTa Ne6, BRIPOCITIUX HA CHIIMKATHOW CPEJIe OT YMCIEHHOCTH canpoTpodos, %

Bapuant Hauano onbita Koner ombiTa
TTI 0,34 0,40
TTI/] 0,55 0,92
TTI1 0,21 5,84
TTI/1 0,50 15,04
TI12 0,26 7,67
TTI/12 0,71 8,51
TII3 0,38 9,53
TII/13 0,28 7,60
TT14 0,39 4,04
T11/14 0,44 7,74

Jdiast o0bsSICHEHHSI TPOLECCOB MOOMIM3AllMA MAKPOIJIEMEHTOB H
KPeMHHsl, NPOXOASIMX B TOPGOrpyHTe mMoj JeiicTBHeM OaKTepHAIbHBIX
NpenapaToB U M3MEHEHHUSI CTPYKTYPbl MHUKPOOHOr0 coo0liecTBa B HeM, B
YCJOBHSX NMPOU3BOJACTBEHHOT0 OoNbiTa Ne6, ObLI NMpoBeieH MOAeIbHbIA ONbIT

N7, monpoOHOe onmcanue KOToporo cMotpu B ['nmase 2.

beuto mokazaHo, YTO MpUMEHEHHE OWOMpenaparoB 3HAYUMO YBEIMYHUBAIU
coJiepyKaHue BOJOPACTBOPUMBIX (opM Kanus, pochopa, KpeMHUs B TpyHTE (TalJI.
4.15-4.17). Caenayetr OTMETUTh, UTO, TaK KaK OMBIT 3aKJIaJbIBaJICs O€3 pacTeHUN U
UCCIIEyeMbIE D3JEMEHThl HE MMEIOT Ta3000pa3HbIX COEAMHEHUH, TO BCE HX
MOOWIN30BaHHbIE (POPMBI OCTAIOTCS B TPYHTE COCYJla U HU KyJla HE PACXOAYIOTCA.
Tak kak Bce cOCyIIbl HAXOAWUJINCh B OJJUHAKOBBIX YCIOBHSIX W PA3TMYAIHUCH JUIIb
BHECEHHUEM Pa3IMYHBIX OMONpEnapaToB U 100aBICHUEM AUATOMUTA, TO U3MEHEHHE
arpOXUMHUYECKOT0 COCTaBa TPYHTAa MOXKHO OOYCJIOBHUTH TOJBKO IBYMsI STHMH

dakTopamu.
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B TeueHue Bcero ombiTa Ha BCEX BapuaHTax, 3a HUCKItoueHuem TII,
HaOmoanach  MOJIOXKHUTENbHAs  JAMHAMHMKA pocTa  OOIIed  YHCIEHHOCTH
canpotpodoB B rpyHTe. Hambosbiero 3HaueHHs] 3TOT MOKa3aTellb JTOCTUTal Ha
BapUaHTE C MPUMEHEHHE Ouomnpernapara 2, yBeJIMUeHUEe KOJIMYeCcTBa canpoTpodon
npousomuio Ha 1 mopsamok, nmpumepro ¢ 107 mo 108, Camplii 3HAYMMBIA TPUPOCT
npousomien B nepuon 14-28 CyTok mMocie 3akiaJKd OmbITa. Y BEIUYEHUE
YUCIIEHHOCTH  MHUKPOOPTaHM3MOB B  TPYHTE€ MOXHO  OOBACHUTH  Kak
OJarONpUsTHBIMU YCIOBUSIMH, CO3JIaHHBIMH JIJISI UX POCTa, TaK M J0OaBIEHUEM

CycIieH3ui ouornpenaparos (tadum. 4.13).

UuCIeHHOCTh MHKPOOPTaHW3MOB C CUJIMKA30JIMTUYECKOW aKTUBHOCTBIO
yepe3 7 CYTOK 3HAYMMO HE OTJIMYaJOCh IO BapUaHTaM ONbITa, U COCTaBHJIA
nopsaka 10° KOE/ r. rpynra. Yepes 14 cyTok 3TOT IOKa3aTesh MOBBICHICS B 3-4
pa3a Ha BCEX BapHaHTAX ONBITA C MPUMEHEHHUEM MUKPOOPraHM3MOB COBMECTHO C
JMATOMHTOM, a Takxke ¢ 6uonpenaparamu 2 u 3 u goctur 5x10°-107. Ha ¢ponoBBIX
U BapHaHTax C MpuMeHeHueM Ouomnpernapara 1| u 4 pocra YHCIEHHOCTH
ycTaHoByIeHO He Obu1o. [lo ucteuenuto 28 nHel ¢ Havasga OMbITa ATOT MOKA3aTellb
JIOCTUTAJI MaKCMMyMa W BBIIIEN Ha craiuoHapHbld poct. Ha Bapmantax TIII,
TIIA1, TII2, TII[A2, TII/I3 ona Oblma Ha MOpsSAOK, a Ha Bapuantax TII3, TII4,

TI1]14 — Ha moamopsAKa BhIIIE, 4eM Ha POHOBBIX BapuaHTax (Tadi. 4.14).

Ha BapuanTax ¢ mpuMeHeHHEM OHOIpenapaToB OIS CHIIMKA30IUTHYECKUX
MUKPOOPTaHU3MOB OT 00IIIero 4rciia canpoTpodoB B TpyHTE cocTaBuia oT 8% 10
27%. HauOonbmass moias 3TOW MHUKpPOOMOTHI Oblla OTMEYEHAa Ha BapUaHTE C
npuMeHeHueM Ouomnpenapata 1. Tak, yepe3 56 cyTok mocie Hadajga OIbITa OHA
cocrasiisuia mpuMepHo 22% u 27% na Bapuanrtax TII1 m TII{1 cooTBeTCTBEHHO.
Crnengyer OTMETUTBH, YTO Ha BCEX BapUaHTa OMNBITA, 3a HMCKIIOYCHHEM (HOHOBBIX,
JIOJIT CHJIMKA30JIMTHYECKUX MHUKPOOPTAHW3MOB ObLTa BBINIE MPU MPUMEHEHUU
nuaromuta. CyliecTBeHHas! pa3HUIAa B 3TOM OTHOIIEHUHU Obljla 3aMETHA y)Ke TTOCIIe
14 cyTok mocie 3aKJaJIKu OIbITa, 3aT€M, MO UCTEUYEHHH 56 CyTOK OHa HEMHOTO

yBennuuBanacb. Hanbonee 3amerHa oHa Obula Ha BapuaHTax C HMPUMEHEHHEM
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OuvonpenapatoB 1 w© 2, KOTOpble HUMEIOT KaK HauOOJBIIYI0  JOJIO
CHJIMKA30JIMTUYECKMX MHKpooprann3MoB or OMUY, Tak u HauOOJBIIyI0 HX
KOHIICHTpaIuio B rpyHTe (Tadm. 4.18). 3T0 MOXET OBITh CBS3aHO C TE€M, YTO Ha
JTAHHBIX BapUaHTaX 3TOMY TUITy OaKkTepuil mpoiie B TpOHUIECKOM OTHOLICHUH, TaK
KaK JUAaTOMUT COJEPKUT B ceOe OoyblIoe  KOJMYECTBO  JTOCTYIMHOMU
KPEMHEKHCIIOThI, HEOOXOIUMOW UM IJIsl pocTa. MOXXHO cKa3aTh, 4TO NPHUPOCT
o0IIero MHMKPOOHOTO YHCla NPOUCXOAMJI BO MHOIOM Oyarojmapst pocTy

MUKpPOOPTaHU3MOB, BBIPOCIINX HA CHJIMKATHOW CpeEZe.

MeTonoM Ta30BOM XpoMaTorpaguu Macc-CIIEKTPOMETPUU Oblla H3ydeHa
CTpyKTypa MUKpoOHOTO coobiiectBa ¢poHoBbix BapuantoB (TII u TII/) u ogHoro
BapuaHTa ¢ npuMeHeHweMm Ouonpernapara — TII/I4 (ta6a. 4.19). IlnotHOCTH
MHUKpPOGHOTO COOOIIECTBa OblIa TOBOJBLHO BHICOKA M COCTaBisia 6omee uyem 108
KJIeToK Ha 1 r rpyHTa. B 00mieii cnosxxHoctu OblIO BIIETICHO 33 poja Ha BapHaHTe
TII (43 Buna), 36 ponos B rpynte TIIJ[ (44 Buna) u 34 pona Ha Bapuante TI1J14
(42 Buma). Takum o00Opa3oMm, BHUIOBOE pa3zHOOOpa3uWe OKa3bIBACTCS BHINMIC B
NPUCYTCTBUHM JHATOMHUTA, TI0 CPAaBHEHUIO C BapHAHTOM, TJIe OMOJTHHUTEIHHO
BHOCHIICs Omompenapar. CTpyKTypa MHKpPOOHOTO COOOIIECTBa IpyHTa BapHaHTa
TIT/14 npeoOpa3oBanack BO BpeMs KOMIOCTUPOBAHHUS, KAK KOJIMYECTBEHHO (YUCIIO
MUKPOOPTaHU3MOB CHU3MJIOCH mpuMmepHo Ha 30%), Tak W B KauyeCTBEHHOM
OTHOIICHUU. YMEHBIIEHUE KOJIMYECTBA MHUKPOOPTraHM3MOB B 3TOM BapHaHTE
IPOM30IIIO 3a cuyeT uuciaa a’poOHeix (Pseudomonas putida P. vesicularis,
Methylococcus sp.) u anaspoOubix (Bacteroides hypermegas, B.ruminicola)
MHUKPOOPTaHW3MOB. YuWThIBas, d4to Bacteroides cmocoOHBI 00pa30BHIBATH
MAaCJISTHYIO KHCIIOTY B OOJIBIIMX KOJMYeCTBax, a ENterococcus mosxer pa3pymmTh
TYMUHOBBIE KUCJIOTBI, CHIDKEHHUE KOJIMYECTBA 3THX BUIOB B COOOIECTBE MOMXKHO
paccMaTpuBaTh, Kak MOJIOKUTEIbHBIH MOMEHT B pPEOpraHU3allid MHKPOOHOTO
coobmecTBa TpyHTa. [Ipr 3TOM YHCIIEHHOCTH psifia AaBTOXTOHHBIX BUJIOB B TPYHTE
yBenuuniack. Hampumep, uncneHHocTs Acetobacterium sp. — KynbTyphl, KOTOpast

crocobHa O6paBOBLIBaTI> 3HAYUTCIBHOC KOJIHNYECTBO YKCYCHOﬁ KHCJIOTBI B
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nporiecce aHa’dpoOHoro Merabonuszma (CoBpeMeHHass mukpooOuosorus, 2005), k
KOHITy TIEpHOJia KOMIIOCTUpOBaHUs yBenuumiachk B 10 pas. [IpeumyimectBeHHOE
oOpa3oBaHNE YKCYCHOHM KHCJIOTHI MO cpaBHEHHIO ¢ konmdectBoM Apyrux JOKK B
IpyHTe€ OBUIO MOJTBEP)KIEHO HAaMM METOJIOM Ta3oBOM Xpomarorpaduu (Tadn.
4.20). OrMedyeHo Takxke yBenuueHue unciaeHHocTH Oaktepum Caulobacter sp.

npakTruuecku B 10 pas, koropas obmagaet docharasnoit aktuBHocThiO (Chen et.

all, 2009).

[Ipumenenune  OuompenaparoB  3HAYMMO  YBEIHUYMBAJIO  COJIEp:KaHUE
BOJIOPACTBOPUMBIX (hopM Kaiwus, ¢ochopa, kpemuust B rpyute (tadm. 4.15-4.17).
Cnegyer OTMETHTh, YTO, TaK KaK ONBIT 3aKjaAblBaJics O3 pacTeHWid u
UCCIIEyeMbIE D3JIEMEHThl HE HMMEIOT Ta3000pa3HBIX COEAMHEHHWH, TO BCE HX
MOOUIIM30BaHHbIE (POPMBI OCTAIOTCS B TPYHTE COCYJla M HU KyJla HE PACXOIYIOTCA.
Tak kak Bce COCy/bl HAXOIUIIUCh B OJMHAKOBBIX YCIOBHUSX M Pa3IMYaIUCh JIHIIb
BHECEHHUEM Pa3IMYHBIX OMOTpEnapaToB U 100aBICHUEM AUATOMHUTA, TO U3MCHCHHE
arpOXMMHYECKOTO COCTaBa TPYHTAa MOXKHO OOYCIOBHTH TOJBKO IBYMS ITUMU

dbaxkTopamu.

ConeprkaHue Kaiusi CyHIECTBEHHO BO3pPOCIIO YK€ B TEUEHHE OJHOUW Henenu
nocie o00pabOTKM MHUKPOOHBIMM IpenapataMd IO BCEM BapuaHTam 3a
UCKIIIOUeHHEM (POHOBBIX U JAJIbIIIE YBEIMUYUBAIOCH HA MPOTSHKEHHE BCErO OMNBITA U
nocturanio 260 — 350 mr/kr rpynta. Ha Bapuantax ¢ MHKpPOOHMOIOTHYECKOM
00pabOTKOM POCT KOJMUYECTBA BOJOPACTBOPUMOTO Kajlusi B TPYHTE BbI3BaH
JeATEeIIbHOCThI0O MUKpoopranu3zMoB (260 — 280 mr/kr rpyHrta). Ha Bapuantax c
JTUATOMUTOM PETYJISIPHO MPOSBISIOTCS Oosiee BBICOKKE MOKa3aHus 1o kanuio (340
— 360 Mr/kr rpyHTta), 3TO CBSI3aHO C NPUOABKOM Kalus OT JAMATOMUTA, TJIE
HEKOTOpPOE KOJMYECTBO €ro cofepkutcs B oomeHnHou (popme (Kampanos, 2010).
Ha KOHTpOJbHOM BapuaHTe MPOUCXOMIIa MOOMIN3ALKS Kalusl, HO ObljIa HE CTOJIb
3HAYUTEIBHOM. POCT comepkanus moaBuKHOTO Kanus Ha Bapuante TIIJI BbI3BaH
BBICBOOOKICHUEM KajHsl U3 TUATOMUTA, TOXKE, KaK Mbl IMpEAroyaraeM, 3a CUeT

aBTOXTOHHON MHKPOOMOTHI rpyHTa. KosIMuecTBO BOIOPACTBOPUMOrO Kamus, 3a 56
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JTHEH KOMIIOCTUPOBAaHHMS, YyBeIHMUMioch Oojee uem B 10 pa3 Ha BapmaHTax ¢
npuMeHenueM OuomnpenaparoB (Ha 250 — 325 wmr/kr rpynta). Mcnonb3oBaHue
OJIHOTO JIMIITh AUATOMHUTA OKa3aJI0Ch TaK e BIOJHE () (HEKTUBHO, €ro J00aBICHHE
MOBBICHJIO COJIEpKaHKHE BOJOPACTBOPUMOro Kayius OoJiee uem B 5 pa3 (125 mr/kr
rpyHTa). Ho coBMecTHOE mpuMeHeHue OHoIpenapaToB U TMaTOMUTA YBEIUUYUBACT
ATOT TMOKa3aTelb OTHOCHUTEIbHO BapuanTa TIIJl mpakTHdeckm B 1Ba pasa.
Haubonbiiee yBennueHue conep:kaHus BOAOPACTBOPUMOTO KalHs MPOHCXOIUIIO
HAa BapwaHTe ¢ mNpuMeHeHHWeMm Ouonpemapara 2 u 3. Tak, 3a 7 CyToK
KOMIIOCTUPOBAHUS KOHIIEHTPAIUS BOJOPACTBOPUMOTO KalHsl JIOCTHIJA TaKOTO
mokasaTeisi, KOTOpBhId OCTajdbHbIE BapHaHThl OMNbITa, C IPUMEHEHHUEM

OuonpernapaTa, CMOTJIM ITOKa3aTh JUIIb Yepe3 14-28 cyrok (Tadi. 4.15).

Coneprxanus gocdopa Tak ke 3HAUUTEITHHO BBIPOCIIO, YTO TaK JK€ CBSI3aHO C
NEeATEeTLHOCTHI0O MUKPOOPTaHU3MOB, MPUCYTCTBYIOMKX B rpyHTe. [lo-BuaumMomy,
MPOXOJWIIO PA3JIOKCHHE OPTaHMYECKOTO BEIIEeCTBa, YTO COIMPOBOXKIAIOCH
mobmnmzareit pochopa B rpyHTe. B Bumy TOTO, 4TO B TPYyHTE€ OUYCHb HU3Kas
MOTJIONIAIOIIAsl  CIIOCOOHOCTh, TO (ocdop, BBIACICHHBIN W3 OPraHUYECKOIO
BEIIECTBA, MOTPEOJISAIICS TOJBKO MHUKPOOPTaHM3MaMH, HE MHHEPATU30BAJICS, U HE
(bUKCUpPOBAJICS TOTJIOMIAIONMIUM KOMIUIEKCOM. YUYHTBIBAasl, YTO COJEpKAHUE
BasioBoro ocopa cocrarmnser B cpeaHeM 1100 mr/100 r rpyHTa, MOXKHO CKa3aTh,
YTO MPOICHT BBICBOOOXAeHUS hochopa konedacs ot 7 1o 8,5 % 3a 8§ Henenb Ha
BCEX BapHUaHTax ¢ MUKpOOHBIMHU Tpenapatamu, kpome bI13. B utore, conepxanue
BoJiopacTBOpuMOro ¢gocdopa gocturio npumepHo ot 800 mo 1000 Mr/kr rpyHTa
Ha BapuaHTax C MpPUMEHEHHWEeM OWOMpernapaToB W JUATOMHUTA, 33 HCKIIOYECHUEM
BapuaHTa TII3. YuuThiBas, 4TO Ha HA4YajIO OMbITA, €TO COJACPKAHUE COCTABIISIO
okoso 150 Mr/kr rpyHTa, MOXKHO CKa3aTh, 4YTO NPUMEHEHHWE OJHHUX JIUIIh
OouwornpenapaToB  yBEIWYWIO  COJEpXKaHuUE  BojopacTBopumoro  Qocdopa
npaktuyecku B 7 pa3 (¢ 150 mr/kr rpynta go 800 — 850 mr/kr rpyHra), 3a

UCKJTFOUCHUEM OHoIperapara Ha OCHOBE KyJIbTyphI 3 (Tadi. 4.16).
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CoBMeCTHOE BHECCHHE JAMATOMUTA M OMOIPENapaToB HE JaBajio 3aMETHOTO
npupocta  conxepkanus  ¢ocdopa, UTO, TMO-BUIMMOMY, O3HAYaeT, HE
1esiecoo0pa3Hoe UX NMPUMEHEHHE IS 3TOH Leiau BMecTe. JIWimb Ha BapwaHTe C
NpUMEHEHHEM OuorpenapaTa 3, BHECEHHE JMATOMUTA J1ajl0 3HAYMTEIIbHBIA BKJIAJ
B MoOwmm3aruio ochopa rpynra. Ha octanbHbIX BapuaHTax 3HAYUMOUN pa3HUIIBI

HC BBIABJICHO.

Ckopocts MoOwimm3aruu  (ochopa Bcemm Owomnpenapatamu  ObLIa
MpaKTUYeCKu oauHakoBa. HeOompimme oTauuus HAOMIOMamu 1Jis BapUaHTOB C
MPUMEHEHUEM MUKpPOOHOIoTHYecko 00paboTku Ouomnpenaparamu 3 u 4, 6e3
JOTIOJTHUTEIPHOTO BHECEHHS TUATOMHUTA, 3/1€Ch OBLUTM 3aMEUEHBI MOHWKCHHBIC

TeMIIbl BEICBOOOXKIeHUsI hochopa B BOJOPACTBOPUMYIO (hopMy.

Cronp aktuBHasE MoOmiIM3anus Qocdopa BO3MOKHA 32 CUET KHCIOTHBIX
BBIICJICHU aHa’pOOHBIX MHUKPOOPTraHM3MOB M pocTa OOLIEH YHCIEHHOCTH

reTepoTpodoB.

OTMeyeHa TEHAEHUUS K YBEIMYECHHUIO COAEP’KAaHUA BOJOPACTBOPHUMOIO
KPEMHHUSI 10 BCEM BapHaHTaM OIIbITa [0 CpaBHEHUIO ¢ KOHTpoJbHbIMH (TII n
TII). DTO moaTBEepKAAETCS JAHHBIMU, MOTYYEHHBIMU TP MUKPOOHOJIOTHYECKOM
aHanu3e. YBEIWYEHUE YHCICHHOCTH MHMKpPOOPTraHW3MOB, BBIPOCHIIMX  Ha
CUJIMKATHOM cpefie, OOBICHSIET TEeHACHIIMIO K POCTY BOJOPACTBOPUMOTO KPEMHHUS.
Haubosee 3Ha4MMO OHO BBIPaKEHO HA BapuaHTaX C MpUMEHEHue Ouomnpenapara 3
U 4, 371ech coliepkaHue KpeMHusi coctaBmwiio 45 - 50 mr/ kr rpyHTta 3a 56 CyToK
KOMIOCTUpOBaHus. [Ipon3onuio yBennueHne JaHHOTO MOKA3aTeNsl NPAaKTHYECKU B
5 pa3 (mpumepno Ha 40 mr/kr rpyHrta). HecMoTpst Ha TO, 4TO JOJS YHCICHHOCTH
CUJIMKA30JUTUYECKUX MHUKPOOPTaHM3MOB OT OOIIEro yuciaa B TPYHTE Ha 3ITHUX
BapuaHTax ObUla HW)KE, YeM Ha BapHaHTax C M[PUMEHEHHEM JpYyrux
OouomnpenapaToB, 37ech ObUT TOKa3aH MAaKCHUMAaJbHBI POCT  COJepKaHUs
BOJOPACTBOPUMOTO KPEMHHUS. OTO MOYKET TOBOPUTH O TOM, YTO B JaHHBIX
ouornpenaparax 3aJeiCTBOBAHBI IITAMMBl MUKPOOPTaHU3MOB C CaMOW BBICOKOM

CIIOCOOHOCTBIO K MOOWJIM3alMU KpeMHHs. B HauMeHbled CTeneHu pocT
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MPOSIBUIICS. HA BapHaHTaX ¢ MpUMeHeHueM ouornpenapaTtoB 1 u 2, on coctaBuia 21,5
U 26 MI/KT TpyHTa, COOTBETCTBEHHO. M3 »3TOro cremyer, 4uro OakTepuaabHBIC
KyJIbTYpbl, BHECEHHbIE B TPYHT, CIIOCOOCTBYIOT I€PEBOAY KpPEMHHUS U3
HEPaCTBOPUMBIX COEJIMHEHUNW B BOJOPACTBOpUMBIE (DOPMBI, HO UX AKTUBHOCTH

otiuyanack (taou. 4.17).

Tabmuna 4.13. JluHamuKa YHCIEHHOCTH CampoTpo(oB B TPYHTaX MOJEIHHOTO

onbiTa Ne7, Ig KOE/T BO3IyIIIHO-CYyX0TO IpyHTa

Bapuantel 7 cyTOK 14 cyroxk 28 cyTOK 56 cyTok
OTIbITA

TII 7,28 7,37 7,44 7,22
TII 7,24 7,42 7,74 7,76
TII1 7,16 7,21 7,63 7,7
TII1 7,3 7,37 7,44 7,91
TI12 7,26 7,56 8,12 8,18
TIIJ12 7,23 7,8 7,92 7,95
TII3 7,21 7,52 7,53 7,53
TIIA3 1,27 7,74 7,84 7,86
TI14 7,31 7,39 7,37 7,39
TI1/14 7,28 7,31 7,33 7,37

Tabmuua 4.14. JluHaMuKa YHUCIEHHOCTH CUJIMKATHBIX MHUKPOOPTaHU3MOB B

rpyHTax MojenasHoro onbita Ne7, g KOE/T Bo3ayniHo-cyxoro rpyHTa

BapuanTsl

OIbITa 7 cyTOK 14 cyTok 28 cyToK 56 cyTok

TII 5,95 5,9 5,95 5,70
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TILJ 5,9 5,95 6,08 6,11
TII1 5,85 6,00 6,95 7,04
TIIA1 5,9 6,41 6,93 6,94
TII2 6,04 6,34 7,21 7,20
TIIJ2 6,00 6,95 7,10 7,11
TII3 5,95 6,10 6,41 6,48
TIT3 6,00 6,79 6,85 6,85
TI14 5,95 6,01 6,32 6,30
TI1/14 5,95 6,20 6,32 6,30

Ta6muma 4.15. Jlunamuika cojep)kaHus BOJOPACTBOPUMOIO Kajiusg B TPYHTE

MOJICIIEHOTO OIbITa No7, MI/Kr

Bapuantel | Hauano 7 CyTOK 14 cytok 28 cyToK 56 cyTok
OIbITa

TII 22,0 28,0 50,0 67,0 73,0
TII 22,0 45,0 79,6 113,3 196,7
TIT1 22,0 55,9 201,9 230,0 281,7
TIIA1 22,0 774 225,9 2717 3717
TI12 22,0 86,0 179,6 206,7 2178,3
TIIA2 22,0 202,2 1944 256,7 336,7
TII3 22,0 96,8 140,8 233,3 260,0
TIIA3 22,0 197,8 175,9 300,0 351,7
TI14 22,0 38,7 198,1 225,0 276,7
TI114 22,0 114,0 187,0 268,0 350,0
HCPo 05 Fo<Foos 15,0 23,0 35,0 56,0

Tabmuma 4.16. Jlunamuika comepxkaHusi BojopacTBOpuMoro ¢ocdopa B TpyHTE

MOJEJIBHOro onbiTa No7, MI/Kr
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Bapuantel | Hauano 7 CyTOK 14 cytok 28 cyToK 56 cyTok
OIbITa
TII 73,4 94,8 139,0 153,5 156,9
TII 73,4 304,2 314,5 292,4 305,3
TIT1 73,4 314,5 407,7 698,9 865,6
TIIA1 73,4 341,1 406,6 828,3 899,9
TI12 73,4 301,2 459,5 724,5 796,4
TITA2 73,4 207,5 413,8 850,4 961,6
TII3 73,4 1447 170,6 229,2 236,6
TIIA3 73,4 144,7 415,0 961,6 1035,4
TI14 73,4 78,5 229,6 510,9 839,6
TII14 73,4 371,2 406,2 871,7 1022,5
HCPyg 05 Fo<Fo0s 57,3 59,0 102,5 132,2

Tabmuua 4.17. JluHamuka coJepKaHus BOJAOPACTBOPUMOIO KPEMHHUSI B TPYHTE

MOJICIIEHOTO OIbITa No7, Mr/Kr

Bapuantel | Hauano 7 CyTOK 14 cytok 28 cyToK 56 cyTok
OIbITa

TII 14,2 14,4 14,4 14,4 14,8
TII 14,2 17,4 15,9 18,7 18,9
TII1 14,2 21,0 24,1 24,5 24,3
TIIA1 14,2 21,5 22,5 27,9 28,6
TI12 14,2 19,6 19,6 20,0 21,5
TIIA2 14,2 18,6 18,8 21,6 21,4
TII3 14,2 33,9 43,9 47,0 48,8
TIIA3 14,2 34,5 44,5 52,2 53,4
TT14 14,2 27,2 37,9 42,3 44,6
TII14 14,2 29,5 35,9 44.4 47,8
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HCPo,os

Fo<Foos

1,3

1,4

2,6

3,2

Tabnuna 4.18. JluHamMuka 10IM MHKPOOPTaHU3MOB, BBIPOCIIMX HA CHUJIMKATHOU

cpelie OT YUCIEHHOCTH canpoTpodos, %

BapuanTsl Bpewms koMnocTupoBaHus, CyTKH

OTbITa 7 14 28 56
TII 4,72 3,41 3,24 3,01
TIIA 4,60 3,42 2,18 2,26
TII1 4,84 6,17 21,10 22,02
TITA1 4,01 11,09 30,96 27,15
TII2 6,04 6,06 12,36 10,57
TITA2 5,89 14,26 15,15 14,59
TII3 5,55 7,55 7,67 8,85
TITA3 5,37 11,10 10,26 9,66
TI14 4,41 4,20 8,92 8,15
TIT14 4,62 7,84 9,82 8,93
HCPo o5

MeronoM razoBoil xpoMarorpadguu Macc-CHEKTPOMETpUM Obljla HM3ydyeHa
CTPYKTypa MHKPOOHOr0 co001IecTBa (POHOBBIX BAPMAHTOB M OJHOTO BapHUaHTa C
npuMeHeHueM Ouornpernapara - TI[JI4. B Tabnuue 4.19 npeacraBieHbl JaHHbBIC

BUJIOBOTO Pa3HO00pa3Hsi MUKPOOPTaHU3MOB IPYHTa 3TUX BapUAHTOB.

Ta6nuna 4.19. Ctpyktrypa MUKPOOHOTO cO00IIIeCTBa TOPHOTrPYyHTA, BAPUAHTHI:
top¢:nepnurt (TII), npu nobasnennn aguaromuta (TII) n 6akTepuaibHOrO

npenapata 4 (TI1J14)

Bun Tt | Tt | oToo | TOo | TOO4 | T4 |
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MH;?C()T(;I; r/?HXIT’SgOB CyZOK 56 cytok | 7 cytok | 56 cytok | 7 cyToK | 56 CyTOK
Acetobacter sp. 59,7 75,1 25,1 29,4 56,5 28,8
Agrobacterium 0,0 0,0 1,6 2.4 0,0 0,0

radiobacter

Methylococcus sp. 8,2 7,3 0,3 1,6 9,5 3,7

Ochrobactrum sp. 6,4 5,9 0,8 1,1 4,8 2,8
Pseudomonas 29 | 35 1,0 1.2 28 25

fluorescens
P.putida 9,7 9,4 3,2 2,8 9,6 6,4
P. vesicularis 8,1 8,3 3,5 3,1 9,0 4,8
Riemirella sp. 0,0 0,0 1,8 2,2 0,0 0,0
Sphingobacterium |, 2.9 0,6 0,2 2,5 2,0
spiritovorum
Sphingomonas |, , 23 0,6 0,8 21 16
adgesiva
Sphingomonas | 5 45 11 17 38 3.0
capsulata

Xanthomonas sp. 7,6 7,2 2,1 2,8 6,9 4,2

FeRed 0,4 0,3 2,5 1,6 0,3 0,8
Aeromonas 04 | 357 109 | 114 | 365 | 236
hydrophila

Bacteroides fragilis 0,5 3,1 0,8 1,1 1,0 0,0

Bacteroides fragilis 0,5 3,1 0,8 1,1 1,0 0,0

Bacteroides 3,6 3,6 12 1,0 3,1 2,0
ruminicola
WARB* 9,8 7,3 3,2 4,0 7,6 5,3

Desulfovibrio sp. 1,6 3,3 0,0 0,0 2,7 1,5
Chlamydia sp. 0,4 0,3 0,0 0,2 0,3 0,0
Nitrobacter sp. 0,0 0,0 4,3 5,1 0,0 0,0
Cytophaga sp. 7,3 6,2 2,1 2,5 5,8 3,6
Arthrobacter sp. 3,1 41 3,8 51 3,6 2,2
Enterococcus sp. 4,7 6,4 47 2,5 6,6 0,0
Caulobacter sp. 2,4 2,0 1,1 1,4 1,4 10,5
Bacillus subtilis 1,2 1,1 4,0 5,0 1,0 1,2

Bacillus sp. 0,0 0,0 2,1 2,5 0,0 1,0

Clostridium difficile | 0,0 0,5 0,0 0,0 0,1 0,2
C.pasteurianum 7,3 8,2 0,3 1,6 9,5 3,7
C.perfringens 0,5 0,4 0,2 0,3 0,3 0,3
C. propionicum 0,0 0,0 0,0 0,0 2,4 0,7

Acetobacterium sp. 0,0 0,0 0,5 0,3 0,5 4,7

Butyrivibrio 1-4-11 0,1 0,5 0,6 0,4 0,1 0,5

Butyrivibrio 1-2-13 3,9 4,2 0,0 0,0 4,8 0,0
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Butyrivibrio 7S-14-3 | 11,5 16,3 11,8 16,1 14,0 9,5
Bifidobacterium sp. 0,4 0,4 0,6 0,8 0,4 1,0
Corynebacteriumsp. | 1,0 1,2 1,4 1,9 11 0,8
Eubacterium lentum | 1,6 2,0 0,0 0,0 2,1 11
Eubacterium sp. 0,2 0,2 2,3 2,6 0,1 0,4
Proplonlbac_ter!_um 76 75 5.8 0.0 73 76
freudenreichii
P. jensenii 10,9 11,0 5,2 5,8 9,4 8,9
Proplon;l;acterlum 0.0 0.0 0.8 14 0.0 0.0
Mycobacterium sp. 3,0 6,0 8,8 9,9 4,4 4,8
Rhodococcus equi 1,1 1,2 0,6 0,8 1,6 2,8
Rhodococcus terrae 6,2 8,4 10,0 10,8 55 4,2
Pseudonocardia sp. 0,2 0,4 1,2 1,6 0,8 0,7
Streptomyces- 5,9 75 6,4 7,6 6,4 3,8
Nocardiopsis
Nocardia carnea 1,0 1,1 1,0 1,3 1,2 0,7
Actinomadura 05 0.8 0.8 0.9 0.5 0.4
roseola

Total 266 265 140 156 251 168
Cycnien3uto  TopdorpynTtoB Bapuanta TIIJI4 cessmim Bo (diakoHBl C

CEJICKTUBHOMW CpeAon NJIsl KYJIbTUBUPOBAHUS aHA3POOOB, U3 KOTOPHIX ObLT OTKAYCH

BO3/IYyX M 3aKau€H MOJICKYJISIPHBIN a30T W YIJIeKHUCHbIN a3, dupmel Bactec, CIIIA.

[locne 5-Tu JOHEBHOrO KyJIbTUBUPOBAHMS TP KOMHATHOM TeMIiepaType,

KYJIbTYPAIBHYK)  KUIKOCTb

n3

b1akoHOB

aHaJTU3UPOBAIIH

Ha

ra3zoBoM

xpoMarorpade. PesynbraThl aHanuza npencrasieHbl B Tabmuie 4.20. [Tokazano,
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4TO METAOOJUTHI COCTOSIT, B OCHOBHOM, M3 YKCYCHOM M HPOMHOHOBOH KHCIOT,
npuyYeM MEpBOM, B TpUAUATh pa3 OOJbIIe, YeM BTOPOH. 3HAYUMOE KOJIUYECTBO
YKCYCHOW KHCJIOTBI B COCTaBe MeETa0OJIMTOB HCCIEAYEMOI0 MHKPOOHOTO
cooOmiecTBa M OOBSICHAET €ro BBICOKYIO MOOWIM3AIMOHHYIO aKTHUBHOCTH IO

OTHOILICHHIO K CUJIMKATaM.

Ta6bmuma 4.20. Metabonutbl (J€Ty4re OJKUPHBIE KHUCJIOTBI) aHA’POOHBIX

MHUKPOOPTaHU3MOB
MeTaboauTh Mxo/mn
VYkcycHas kuciaora 30,20 + 2,90
[IponmonoBas kuciora 1,05+0,15
N300yTanoBas kuciaoTa 0,65+ 0,05
ByranoBas kuciaora 0,35+0,15
N3oBanepuanoBas KucioTa 0,60
BanepuanoBas kucnora 0,07
N3okanpoHoBas KucioTa 0,05
KanponoBas kuciora 0,07

Takum o0Opazom, mpeoOpazoBanme (ochopa, Kamuss W KpeMHHS B
BOJIOPACTBOPUMBIE (OPMBI MOXET MPOHUCXOIUTh KaK 3a CYET CTUMYJISAIHU
Pa3MHOXEHUSI aBTOXTOHHOTO MHKPOOPTAHH3MOB, KOTOPBIE CIIOCOOHBI M3MEHHUTH
KHUCIIOTHOCTh Cpelibl HA MECTHOM YPOBHE U 3a CUeT (pepMEHTATHBHOW aKTUBHOCTH

(BBITIIETAYMBAHKE KPEMHE3eMa) BHECEHHBIMA MUKPOOPTaHU3MaAMH.

[To cnocoGHOCTH KynbTyp K MoOum3anuu Qocdopa, Kamus, KpeMHHUs, BCE
ouomnpernapaTel 00JaHAIOT ATOH CIMOCOOHOCTHIO, OIHAKO OTJIMYAIOTCA  T10

JOMHUHHUPYIOLEMY NIPOLIECCY U3BJIECUEHUS ONPEACICHHOIO dJIEMEHTA.

Jnst  aBTOXTOHHOM ~ MHUKpOOMOTBHI ~ HAa  KOHTPOJIBHBIX  BapuaHTax
NPEeUMYIIECTBEHHBIA Mpouecc — wu3BiaedyeHue ¢ochopa. g BapuanHta ¢

BHECEHUEM OaKTepHUaIbHOU KyJIbTyphl 3, 0€3 IMaTOMHTA, TOMHHHPOBAJ MPOIECC
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U3BJICUCHUS] KpEeMHHMS M Kainus. VIMEeHHO Ha STOM BapuaHTe OIbITa HE ObLIO
3a(pUKCUPOBAHO AKTUBHOTO BBIJEICHUS Pochopa, s OCTaTbHBIX KYJIbTYp SBHOTO

JIOMUHUPYIOIIETO Mpoliecca BhIAEICHO He ObLIO.

ITo pe3yiibTataM, IIOJIYYCHHBIM B MOJIACJIBHOM OIIBITC, MOXHO CICJIATb

CJICAYIOIINEC BIBOABI:

— MHcnonszyemble OakTepu 007aJal0T CHOCOOHOCTBIO  Pa3JIOKEHUS
CUJIMKATHBIX IMOPOJI: arpoepiIuTa U JMaTOMUTA, IPUMEHSIEMBIX B onbITe. OTMEUEH
3HaYUMBIA POCT KOHIIEHTPAIIMH BOAOPACTBOPUMBIX (ocdopa, Kamusi U KpeMHHUS B
topdorpynre. HaunbGonbliass MHTEHCHBHOCTh 3THUX IMPOIECCOB OTMEYEHA s

OakTepualbHBIX TTpenapaToB 3 u 4, BbIJICIECHHBIX U3 Necka (cM. ['naBy 2).

— B xoze uccnenoBanuil ObIJI0 YCTAHOBJIEHO, YTO BHECEHUE OAKTEpUAIbHBIX
IpenapaToB M AMATOMHUTA CHOCOOCTBYET M3MEHEHUIO arpOXMMHUYECKHUX CBOWCTB
Topdorpynra. Pe3ynpTaTsl Hccie0BaHUN CBUIETEIBCTBYIOT O TOM YTO, BHECEHHE
JUAaTOMUTA B MEHBILIEW CTENECHU BIMACT HA YIy4YLICHUE arPOXUMHUYECKUX CBOMCTB
TEIUIMYHOIO0 TpPyHTa, 4Y€M NpPHUMEHEHUE OuonpenaparoB, OJHAKO, YCHUJIMBAET

JNIEUCTBHUE MOCIIEIHUX.

Biausinue nguatoMuTa M OaKTEePpHAJbLHBLIX NPeNapaToB Ha CBOMCTBA
TeIVIMYHBIX TPYHTOB M NMHUTaHHe po3 coprta Flash night B BereranmoHHBIX
onbiTax Ne§ u 9. B npon3BOICTBEHHOM ONBITE MOCJIE OKOHYAHUS HCCIIEI0BaHUN
Oblla M3MEpEeHa TOJbKO BHICOTA PACTEHUI, MAacCy pacTEHUU ONpPEACNIUTh HE
yAAJIOCh, T.K. 3TU PO3bI MIPEeAHA3HAYEHBI JIJISl IPOMBILIJIEHHOTO TPOU3BoACTBa. [l
YTOYHEHHUS HEKOTOPBIX XapaKTEPUCTUK OBLIN MPOBEICHBI BETCTAIIMOHHBIX OIBITHI
No 8 1 Ne9, rine nonydeHsl JaHHBIE MO0 MACCE YKOPEHAEMBIX PACTCHUN U YEPEHKOB
MOCJIE OKOHYaHUS OMbITa, BEC KOpHEH U JApyrue Mop(poMeTpuyecKue
XapaKTepUCTUKU pacrteHuid (Tabn. 4.21). Eme onaHOW W3 NPUYHMH 3aKjIaJKH
BEreTAIMOHHBIX OMBITOB, CTaja BO3MOXXHOCTh HE NMPUMEHSTHh KalleJIbHBIM MOJUB
MIPU BbIPAIIMBAHUU PACTEHUM, TaK KaK MOJIMBHBIE BOJIbI COJIEPKAT OUYEHD BBICOKYIO

KOHLIEHTPAaLUIO HUTpaTHOro azota (cMotpu ['nasy 2).
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Hano orMerutb, 4TO HHM OJMH YEPEHOK, TIOJBEpraBIIMiics 00paboTKe
OouonpenapaTaMu He MOrHO, B OTIHYME OT KOHTposbHbIX BapuanToB TII u TIIJ,
rae rubens cocraBmwia 60 u 40 % cooTBeTcTBeHHO. BHecenue Ouomnpenaparos
CYILIECTBEHHO YBEIMWYWIM OOIIYI0 MAacCy YKOPEHEHHBIX YE€pPEHKOB, OCOOCHHO Ha
BapuaHTe ¢ OakrepuasibHbIM nipenapaTom BI12 u BI14. OTtmeuanoch nBeTeHue Beex
0o0paboTaHHBIX OuWompenapaTaMyd BapUAaHTOB, 4 Ha HEKOTOPHIX JlaXke BTOPOE
[[BETCHUE, Ha KOHTPOJHHOM BapHaHTE pacTeHus juOo He 1Benu (Bapuant TII),

60 1Beno Toasko 10% pacrenuti (Bapuant TILJT).

Pa3BuTne KOPHEBOM CUCTEMBI UIPAET BAKHYIO POJIb B JKM3HHU PACTEHUM, B
HEl UIET CHUHTE3 OPraHMYECKOrO BEIEeCTBA, OOpa3ylOTCsS TOPMOHBI POCTA,
aNKaJouAbl U T.I., KOTOPBIE 3aTEM IMEPEMEIIAIOTCA IO COCyAaM KCHIIEMBbl WIIA
OCTalOTCSI B CaMOM KOPHE, KaK B MECTE XpaHEHHSI MUTATENbHbIX BemecTs. o cux
NOp CaMbIM PACIPOCTPAHEHHBIM TOKAa3aTelieM MOIIHOCTA Pa3BUTHS KOPHEBOMU
CUCTEMBI IMPU3HAETCA €€ BEC BO BIIAXKHOM MM CYXOM COCTOSIHUM, OJHAKO BEC
KOpHSL HE SBISIETCS TMoKa3zareaeM ero (yHKUMOHAIBHOW JesATEIbHOCTH, B
OCOOECHHOCTH TIIOIJIOTUTEJILHOM CIOCOOHOCTH. B IIOIIOIEHHM BEIIECTB U3
BHEIIIHEN Cpebl MPUHUMAET YYaCTUE TOJIBKO PACTyIllasi 4acTh KOPHS — MEPUCTEMA,
30Ha PACTSDKEHHUS M KOPHEBBIX BOJIOCKOB, BEC KOTOPBIX B OINpPEIECICHHbIEC ATAllbl
JKU3HU COCTaBIISIET HUYTOXHYIO JIOJII0 BECa KOPHS, BBIMOJHSIOUIETO JIMIIb
TpaHcnopTHyt0 (yHKiuo0. [lpu Xxopomelr 00ecriedeHHOCTH PACTeHUS BOAOU H
MUHEPAJIbHBIMM  BEILIECTBAMU Ha KaXAYH CTPYKTYPHYHO €IMHUILY KOPHS
MPUXOIUTCS 3HAYUTEIHHO OO0JBIIIE OPTAaHUYECKOTO BEIMIECTBA HAI3EMHBIX OPTaHOB.
W3meHsieTcss COOTHOLIEHUE Beca HAA3E€MHBIX OpPraHOB M KOPHEBOM CHUCTEMBI B
CTOpPOHY €ro noBbllieHusi. OJIHAKO €CJIM B MOYBE €CTh HEJJOCTATOK KaKOTO-HUOYb
AJIEMEHTa, TO KOPHEBAsi CUCTEMa KaK Obl BBITSITUBACTCS, UIA MECTO JIOKAJIU3aIUU
ATOTO JIEMEHTA, MIPU ATOM YBeJIn4yuBas cBoro Maccy (ypsiauna, 1988). IlosTomy,
KpPOME OIIPEIICJICHUS] COOTHOIICHUS HAA3€MHOM MacChl WU KOPHEW, Ba)XHO
ONPENIECNIUTh KOPPEISAUHUOHHYIO 3aBUCHUMOCTh MEXIY 3THUMHU MOKazaTensiMu. B

HamieM HUCCICAOBAHMKM OTMCYCHO 3HAYMMOC YBCIMYCHHUC MACChI MOYKOBAaTOM
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KODHEBOM CHUCTEMBI pPO3 O3TOr0 COpTa Ha BapHaHTax, O00pabOTaHHBIX
OouonpenapaTamMu, COCTAaBUBILEE, MO CPaBHEHHUIO ¢ KOHTposieM, oT 10 go 12 pas,
YTO CBSI3aHO CO CIIOCOOHOCTBIO OAaKTepuil poAa OalMilI CHHTE3UPOBAaTh OIPOMHOE
KOJIMYECTBO OMOAKTUBHBIX BELIECTB, B TOM YHCJIE BUTAMHHOB, aMHHOKHCIIOT,
aykcuHOB U T.1. (CMHpHOB U Ap., 1985) u dpukcupoBaTh MOJEKYyIApHBINA a30T. s
BAapUAHTOB C IPUMEHEHUEM JAMATOMUTA U OMOIIPENAPATOB 3TO COOTHOLIEHUE OBLIO
onTuMaIbHBIM (puc. 4.2). B BereTalimoHHBIX OMBITAX C TEMH K& OHompenapaTaMu
c po3amu copra Lovely Red, umerommmMu cTep:kHEBOW THIT KOPHEBOW CUCTEMBI,

takoro ¢dekra He ObLI0 TocTUTHYTO (cMoTpu ['MaBy 3).

Tabnuma 4.21. MopdomMerprueckne moka3aTelin YepeHKoB po3 coprta Flash

night BereraroHHOTO OrbITa Ne9

BapuanTsl | Macca uepeHKOB (CpelHue 3HaYEeHUs]), T Hous KomungectBo
OIIBITA [BETYLIUX | IOTUOIMIMNX
Ilpn Y6opia onbITa pacTeHHMM, | PACTEHHUU NpPH
321)1;11;?:6 obmas KOPHH % I—IepeHI;;;BaHI/II/I,
TII 3,3 4,1 0,5 0 60
TIII 4,1 5,5 1,2 10 40
TII1 2,3 11,0 6,5 80 0
TITA1 2,7 11,2 5,6 60 0
TI12 2,8 10,2 4,8 80 0
TITA2 2,4 12,9 6,7 60 0
TII3 2,9 10,4 6,2 100 0
TITA3 2,8 7,9 3,9 100 0
T114 2,4 10,3 4,0 100 0
TIT14 1,9 9,0 4,1 100 0
HCPo 05 0,8 2,1 0,9 - -

[lo pe3ynbraram oOmNpeneNeHUss HUTPATHOTO a30Ta B TPYHTax IMOCHE

OKOHYaHUA I/ICCJ'IC,IIOBaHI/Iﬁ ObLIN IMOJIYYCHBI ClIeayronme PE3YyJIbTAThI:
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koHTpoibHble Bapuantel TII u TIIJI comepxkar 220 u 240 wmr/kr asora
COOTBETCTBEHHO, 00OpaboTanHbie Ouomnpemnaparamu 1000 wMr/kr, T.€. 3TOT
nokasartelsib yBenuuuBaics B 3-4 pasza. [Ipu 3ToM copeprkaHue a3ota B IpyHTE Ha
BapuaHTax ¢ oO0OpaboTkaMH OaKTepUAIbHBIMU  IpernapataMud  JTOCTUTAJIO
ONTHUMAJIbHBIX 3HaueHu# (Tabn. 4.22). YBenuueHue coAepaHUs MHUHEPAIbHBIX
dbopMm azoTra, BEpPOSITHO, CBSI3aHO C a30T(PUKCUPYIOIMIEH CIIOCOOHOCTHIO
MUKPOOPTaHU3MOB M WX BIUSHUEM HAa WHTEHCUBHOCTh KOPHEBBIX BBIICIICHUNA,

KOTOPBIC B CBOKO OUCPCAb YBCININBAIOT HHTCHCUBHOCTD IUKJIA a30Ta B I'PYHTC.

0

I

\

T THOA TH1 TOO TO" T2 TO3 TOA3 T4 T4

Pucynok 4.2. CooTHOIIEHUE MEK]1y MacCOW HaI3EMHOM YaCTU U KOPHEH po3 copTa

Flash night mocne yoopku BeretarimoHHoro ombita Ne9.

[Ipumenenne OaKTepUAIBHBIX MPENapaToB  YBEJIUYWIO  COACPIKAHHE
BOJOpacTBOpUMBIX (opM (ocdopa B rpyHTEe MPUMEPHO B 2-3 pasza, 4TO MONKET
ObITh CBSI3aHO ¢ (QocdaTa3zHONM aKTHBHOCTHIO IIITAMMOB MHKPOOPTAHU3MOB,
BHIOpAaHHBIX HAaMH B KadecTBe OaKTEPUAIBHBIX IMPENapaToB, U C KOPHEBBIMU

BbIJICICHUSAME po3 (Ta0i. 4.22) (ITamkesuy u mp., 2011a).



Ta6nuna 4.22. CoaeprkaHue MUTATEIIBHBIX JJIEMEHTOB B TOP(OTPYHTE MPHU
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BHCCCHHNU 6H0HpenapaT0B U JUaTOMHNTAa HAa MOMCHT OKOHYaHMA BETCTAlIlMOHHBIX

OIIBITOB, MI/KT

BapuanTsl TopdorpyHT nocne BelpaliiBaHus pacTeHUN
OmbITa OmnbiT Ne8 OmnbiT Ne9

NO3 P20s K20 SiO; | NOs P20s K20 SiO;
TII 230,0 | 25,0 | 1480 | 20,0 | 220,0 | 30,0 | 150,0 | 18,0
TILJ 270,0 35 171 29 240 40 170 21
TII1 H/0 H/0O H/0 H/O 850 110 220 95
TII1 900 156 515 97 870 120 230 57
TII2 H/O H/0 H/O H/0 900 90 430 84
TIIA2 920 174 220 50 840 100 500 114
TII3 H/0 H/0O H/0 H/O 950 90 290 73
TIIA3 1000 165 207 78 1000 100 320 83
TI14 H/0 H/0O H/0 H/O 900 110 230 81
TII14 950 158 302 31 950 120 250 95
HCPo 05 99 11 20 5 115 9 13 6

CoBMecTHOE  BHECEHHME  JUATOMHTa W NpUMEHEeHHe  o0paboToK

OakTepuallbHBIMU ~TIpenaparaMd CIOCOOCTBOBAJIO YBEJIMYCHUIO COJCPKAHUS
IOCTYMHBIX (popM Kamwst B TpyHTe OT 3-x 10 4,5 pa3. B pesynbraTe naHHBIX,
NOJYYCHHBIX 3a J[BAa roJia HWCCIIEJOBaHUI, ObUIa OTMedeHa OoOmmas TeHIEHIIHS
YBEJIMUYCHHSI COACPIKAHHUS BOJOPACTBOPUMBIX (OPM Kajdus TpU TNPUMEHEHHU
ouonpenapatoB. BHecenue guatomura 06e3  OuompenaparoB  3HAYMMO
YBEIUYMBAJIO COJEPKAaHHE BOJOPACTBOPUMBIX (OPM Kajus B TPYHTE, OJHAKO,
dpPeKTUBHEE TPUMEHSITh JTUATOMHT COBMECTHO C BHECEHHEM OHMOIpEnapaToB

(1a61. 4.22).
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ConepxaHue AOCTYNHBIX (OPM KpPEMHHUsS HJisi PACTeHU B BapHaHTaX C
oOpaboTkamMu OakTepuanbHbIMU npenapatamu Ha Bapuantax TII 2 u TII 4 6s10
Bhillie, 4yeM Ha koHTpose (IlamkeBuu, Heitmaros, 2012a). BHecenue auaromura
COBMECTHO ¢ OakTepualdbHbIMU TpenapatamMu Ha Bapuantax TII 2 u TIIJ] 4 B
onbiTe No 8 crtocOOCTBOBAIO YBEIIMUYEHUIO COJIEPKAHUE KPEMHHSI B TPYHTE B 4 — 5
pa3, Torma Kak BHeceHHe auaTtomMuTa 0e3 o00paboTok Ouompenaparamu
CIOCOOCTBOBAJIO YBETMUYECHUIO €TI0 KOHIIEHTPALIMIO BCEro B 1,5 pa3a OTHOCUTENIHHO

KOHTpouIs (Tabdi. 4.22).

B pesynpTaTe TPOBENEHHOTO WCCIEAOBAaHUS OBLUIO YCTAHOBJIEHO, YTO
3HAUYUMBIX PA3JIMYUN B COJAEPKAaHUM a30Ta B KOPHSIX PACTEHUN MEXAYy BapuaHTaMU
C BHECCHHMEM OuWompernapata W BapHaHTaMH C COBMECTHBIM BHECECHHEM
Oouonpenapara u auaromuta He 0bu10. ConepikaHue a3oTa B cTebJie U B JTUCTHIX B
BapuaHTaxX OIMbITa C BHECCHHEM OHOIpENapaToB W JUATOMHUTA ObUIO 3HAYMMO
BBHIIIIE, YeM Ha KOHTpoje. MakcuManbHO 3¢ (EKTUBHBIM OBLINM OHOMperapaThl,
npumensiBivecs Ha Bapuantax TII3 u TII4. [lpumenenne nuaromMurta pakTudecKu
HE OKa3bIBaJI0O 3HAYMMOTO BIHUSHUS HA U3MEHEHHWE COAEp aHHs 0OIIero azora B

pactenusix (tabim. 4.23).

Tabmuma 4.23. CpenHee coiepkaHUE  MaKpOdJIEMEHTOB B Pa3iIMYHBIX

BETETATUBHBIX OPTraHax po3 B BEreTalMOHHOM ombiTe Ne9, %

Bap. JIuct Crebenb Kopenp
OIIbITa N P205 Kzo N P205 Kzo N P205 Kzo
TII 097 | 030 | 1,19 | 100 | 0,32 | 1,15 | 0,90 | 0,42 | 1,20

TILJ 09 | 035 | 153 | 109 | 0,39 | 150 | 1,00 | 0,45 | 1,53

TII1 1,45 | 050 | 1,81 | 147 | 050 | 1,75 | 1,39 | 0,50 | 1,93

TIIJ1 1,51 | 0,49 | 1,79 | 150 | 053 | 1,79 | 1,40 | 0,55 | 2,00

TII2 1,42 | 050 | 1,70 | 153 | 049 | 165 | 1,39 | 0,55 | 1,75

T2 | 1,41 | 050 | 1,72 | 152 | 050 | 169 | 142 | 0,60 | 1,90
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TII3 1,50 | 0,44 | 190 | 166 | 052 | 1,75 | 155 | 0,99 | 2,00

TIT3 1,40 | 0,47 | 200 | 169 | 049 | 165 | 153 | 0,60 | 2,17

TI14 162 | 042 | 169 | 164 | 042 | 1,75 | 155 | 0,59 | 1,71

T4 | 163 | 043 | 1,71 | 165 | 052 | 167 | 1,42 | 0,60 | 1,89

HCPgos | 0,05 | 0,02 | 0,02 | 0,01 | 0,02 | 0,02 | 0,056 | 0,01 | 0,02

M3BecTHO, 4TO copepkKaHHE a30T B PACTEHMSIX COCTAaBIISIET B cpelHeM 1,5-
5% oT cyxoil Maccbl. B JIHMCTBSIX 3peibIX M 300pOBBIX PO3 ONTHUMAJIBHOE

coJiep’KaHMe a30Ta cocTaBiisieT okoJio 3% oT cyxoit maccel (Po3sl B Teruiie, 2003;

Cabrera, 2000).

Huskoe COACPIKAaHHUEC a30Ta B JIMCTBAX PO3, MO-BUANMOMY, CBA3aHO C TCM,
4TO paCTCHUS HAXOAUIUCH B CTAAWN BTOPOTO LIBETCHUA UJIU B (1)336 IIOATOTOBKH K
HCMY. B »stoT IICPpruoa KOHIOCHTpAOUA 3TOrO 3JICMCHTA B JIMCTBAX PO3 0OBIYHO

cumwkaercs (Kysnenos, JImutpuena, 2005).

3HAaUMMBIX pa3IM4yuii B coaepxkaHuu (Qochopa B KOPHAX MEKIY
KOHTPOJIbHBIM BapHaHTOM W KOHTPOJIbHBIM BapHaHTOM C BHECCHHEM JIMAaTOMHUTA
He ObuT0 oTMeueHo. ConepikaHue ATOTO AIEMEHTa B CTEOJSX PO3 HA KOHTPOJIBHOM
BapHaHTE C BHECEHHWEM JMATOMHUTA OBUIO 3HAYUMO BBIIIEC, YeM O3 BHECCHUS
KpeMHuiicojiepkaiero yaoopenus. Ha yBemnuenue mnoctymieHus ¢ocdopa B
CcTeOJIM YEepeHKOB Ha BapHWaHTax ¢ o0paboTkamu OuompenaparamMu JUATOMUT
3HAYMUMO HE TOBIUSAJ, HAONIOAAIOTCSA JIMITb, TEHACHIMH K €ro YBEIMYCHUIO.
KonudecTBo 3TOTO 351€MEHTa B CTEOJIIX PO3 HA BCEX BapUaHTaxX C MPUMEHEHUEM
oworpenapatoB ObLIO oONTHMaIbHBIM. CleayeT OTMETHUTh, YTO pa3HWIA B
CpPaBHEHUHU C KOHTPOJIHHBIM BapUAHTOM IO COJEpPKaHUIO (ocdopa B BapuaHTaX C

npuMeHeHueM ouornpenapaTtoB gocturana 0,2% u Beime (Tad. 4.3).

Coz[epmaHHe Kallusgd B JIMCThAX Ha BAdpHAHTaX OIIbITa C COBMCCTHBIM
INPUMCHCHUEM OHWMATOMUTA H 6HonpenapaT0B OBLJIO 3HAYHUMO BBIIIIC, Y€M Ha

KOHTPOJIBHBIX BapHaHTax. OI[HaKO OTMCYAJIOCE HHU3KOC COACPIKAHHUC IOTOIO
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AJIeMEHTa B pacTeHUs X Ha KOHTpoabHbIX BapuaHTax (TII u TIIJI) 6e3 npumeHeHus
OakTepuasnbHbIXx mpernapaTtoB. CoaepkaHue Kaids B KOPHSIX  pacTEHUH
YBEJIMYMJIOCh Ha BapMAaHTaX C COBMECTHbIM BHECEHHEM OHONpenapaTroB u
quaToMuTa B OOJIbIIEH CTENEHW, YeM Ha BapuaHTaX C UX pa3JeibHbIM
OPUMEHEHHEM. OTO CBHUAETEILCTBOBAIO O LEJIECOOOPA3HOCTH COBMECTHOTO
UCIIOJIb30BaHUs ATUX MpenapaToB B CIy4ae HEIOCTATOYHOCTH Kajus B KOPHSX
pacteHuil. OJHAKO OTMEYAeTCs HHU3KOE COJEpKAHME Kaus B PACTEHUSAX Ha
KOHTpPOJIbHBIX BapuaHTax 1,19%. BeposTHO, 4TO mpHUyYnHa 3aBSJaHUs JUCTHEB HA
KOHTPOJIHBIX BapHaHTax Oblla BbI3BAaHA HU3KUM COJECpKaHUEM Kalaus B

pacTeHUsX.

., 0,35
703
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BapHAHTHI OIIbITA

Pucynok 4.3. Cpeanee cojep:kaHu€ KpPEMHHsI B Pa3IMUHBIX OpraHax po3 OIbITa

Ne9, %.

B crebnax uepeHKOB po3 ObUIO OTMEYEHO YBEIWYEHUE Kalus MpH
NPUMEHEHUU JUAaTOMUTA, a TaKKe MPU COBMECTHOM BHECEHHHM AHATOMUTA U
OuornpenapaTtoB OTHOCUTENbHO KOHTpoJisi. CoxaepxaHue Kanus B cTebsie ObLIo

MEHBbIIIE, YEM B KOPHSX M JIMCThIX BO BCEX BapHaHTax ombITa (Tadi. 4.23).

ConepxaHue KpEMHHs TAKK€ YBEIMUYMBAJIOCH B PA3JIMYHBIX Opra”ax po3s
IIpU COBMECTHOM BHECEHHMH OHMOIpernapaToB U JIMATOMHUTA U YBEIMYMBAJIOCH B 2-3

pas3a 1o cCpaBHEHHIO ¢ KOHTpoJbHbIMU BapuanTamu TII u TIIJ], yTo GnaronpusiTHO
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BJIIMAJIIO Ha XU3HCACATCIBHOCTH paCTeHI/Iﬁ U IIOBBIIIAJIO HX YCTOﬁqHBOCTB K

MUKPOMUIIETHBIM HHEKIUsIM (puc. 4.3).

Bo Bcex opraHax po3 B BereTalMOHHBIX ombiTax Ne§ m 9 Ha BapuaHTax C
KOPHEBBIM BHECEHHEM OHOIpENnapaToB W/WIM JTUATOMHTA MPH BBIPAIMBAHUN PO3
copta Flash night cogeprxanue yriaeBomoB 3Ha4MMO YBEIUYHBAIOCH (Tab. 4.25 u
4.27). Hwuskoe comepkaHWe YIJIEBOJOB B PACTEHHUSX, BBIPAIMBAEMbIX Ha
KOHTPOJLHOM BapHaHTE, CBUAETEIHCTBOBAIO O HEXBATKE SHEPIrUU PACTCHHSIM Ha

noaACPKaHHUEC )KU3HCHHO HGO6XOI[I/IMBIX IMpoOUECCCOB.

Baxno oOpatuTh BHUMaHHE Ha COJEp’KaHUE MOHOCAXapuIOB B BapHaHTaxX C
o0paboTkoii OuornpenaparaMu — OHO cocTaBwio 74% OT 0OO0IIero KoJW4yecTBa
yriaeBoJioB. Bricokoe conepikaHne MOHOCaxapuaoB B BapuaHTax ¢ 0OpaboTkamu
OakTepUaJIbHBIMK TperaparaMu o0ecTeurBag0 dHEpruei OMOCHHTE3 OEIKOBOTO
a3oTa. B BapmaHTax ombITa ¢ BHECEHHEM OHONpENapaToB cojep:kaHue OEITKOBOTO
a3oTa OBLIO TIOYTHM B JIBa pas3a BHINIE, YeM Ha KOHTPOJLHBIX BapUAHTAX, U
coctaBisuio oT 60 10 80% oT o0Iero Kojau4yecTBa 3Toro aemMeHTa (tadn. 4.25 u
4.26). B KOHTPOJILHBIX BapUaHTaX COJCpPKaHUE OCITKOBOTO a30Ta COCTaBHIO 45 —

46% ot 0o0111eTO a30TA.

Menee nokasatenbHbIM ObUIO pacCUMTAaHHOE COOTHOIIEHUE OOIIET0 a30Ta K
CyMME CaxapHJIOB KaK XapaKTEepHCTHKa OOECIeUeHHOCTH PAcCTeHHid a30ToM. B
KOHTPOJILHBIX BapuWaHTaxX M B BapHaHTaX C BHECEHHEM OHOMPEapaToB 3TO
COOTHOIIICHUE OJIMHAKOBO. TakuM 00pa3zoM, MOKHO MPEOJIOKUTh, YTO OCHOBHAS
NPUYMHA YXYAIICHUS (PU3HOTOTHIECKOTO COCTOSHHUS PacTCHUN Ha KOHTPOJBHOM
BapuaHTe, OOyCIOBJIeHa ASUIUTOM Y P03 HEOOXOIUMBIX HIHEPTETUYECKOTO

(bocdop) u TpaHCTIOPTHOTO (KaJIHii) MAKPOIJICMEHTOB, a HE a30Ta.

Tabmuma 4.24. CopaepkaHne MaKpOdJIEeMEHTOB B pPa3IUYHBIX OpraHax po3 B

BeretariioHHOM onsiTe Neg, %
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Kopenb Crebenb Jluct

BapuanTsl

Nosw | P20s | KO | Noow | P20s | KoO | Noow | P20s | KO
K 090 | 042 | 12 | 100 | 0,32 | 1,15 | 0,97 | 0,30 |1,19
TIIJ1 1,39 | 055 | 193 | 153 | 0,49 | 165 | 1,42 | 0,50 | 1,70
TIIJ2 1,39 | 0,50 | 1,75 | 147 | 0,50 | 1,75 | 1,45 | 0,50 |1,81
TIIA3 153 | 059 | 1,71 | 164 | 049 | 165 | 162 | 0,42 |1,69
TIL 14 1,55 | 0,59 | 200 | 166 | 0,42 | 1,75 | 150 | 0,44 |1,90
HCPo 05 0,06 | 0,02 | 0,02 | 0,00 | 0,02 | 0,02 | 0,05 | 0,01 |0,02

Ta6numa 4.25. Conepkanue 0€JIKOBOr0 a30Ta U yIieBOJIOB B JIUCThSIX PACTCHUI

ombITa Ne§, %

YriaeBoabl
BapuanTsl Noex Cymma AUcaxapuapl | MOHOCaXapHabl
caxapuioB
T 0,51 1,62 0,48 1,12
T 0,62 3,04 0,96 2,03
Tl 0,93 3,04 0,97 2,02
T A2 0,92 3,71 0,93 2,73
T3 1,01 2,73 0,66 2,04
TII /14 1,01 2,22 0,56 1,62
HCPo s 0,05 0,05 0,04 0,05

Tabnuna 4.26. Conepxkanue o0IIero 1 OENIKOBOr0 a30Ta B pa3IMYHbBIX OpraHax

pactenus B onbiTe Ne9, %

BapuanTsl

Kopens

Crebenp

Jlucrt

OO0umit

benkoBrIit

OO0uwmit

benkoBrIit

OO0mmit

benkoBrIit
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TII 0,93 0,41 1,00 0,52 0,97 0,49
TILJ 1,02 0,48 1,09 0,65 0,95 0,60
TII1 1,39 0,70 1,53 1,04 1,42 0,97
TII1 1,40 0,65 1,52 0,93 1,41 1,00
TII2 1,39 0,93 1,47 1,05 1,45 1,00
TIIJ2 1,42 0,80 1,50 1,05 1,51 1,05
TII3 1,53 0,76 1,66 1,09 1,62 1,25
TIIA3 1,42 0,80 1,69 1,10 1,63 1,30
TI14 1,55 0,70 1,64 1,20 1,50 1,12
TIIJ14 1,55 0,67 1,65 1,17 1,40 1,01
HCPo,05 0,05 0,05 0,06 0,05 0,04 0,04

Tabnuna 4.27. CoaepxaHue B pa3IUYHbIX OpraHax pacTeHUH B BEre€TallMOHHOM

ombiTe Ne 9 Mmonocaxapuaos (M), nucaxapuaos (/1) u cymmsr caxapuaos (), %

Bapuant Kopenb Crebenb Jluct
M| A3 | M| Ay | M|A]ZX

TII 092 | 068 | 153 | 0,72 | 0,50 | 1,25 | 0,83 | 0,77 | 1,64
TII 1,11 | 0,86 | 201 | 0,83 | 0,69 | 156 | 1,32 | 0,97 | 2,35
TIT1 1,32 | 0,70 | 2,03 | 1,03 | 052 | 158 | 241 | 0,59 | 3,03
TIIAL 1,31 | 0,70 | 2,00 | 1,11 | 0,98 | 1,72 | 2,42 | 0,68 | 3,14
TI12 2,13 | 040 | 253 | 121 | 049 | 1,73 | 235 | 0,69 | 3,08
TIIA2 184 | 051 | 231 | 105 | 0,51 | 159 | 292 | 0,78 | 3,74
TII3 1,12 | 0,86 | 2,02 | 1,13 | 0,49 | 165 | 1,78 | 0,68 | 2,50
TIIA3 1,21 | 0,78 | 203 | 121 | 049 | 1,73 | 1,87 | 0,78 | 2,69
TI14 1,21 | 049 | 1,73 | 109 | 0,59 | 1,71 | 1,82 | 0,87 | 2,74
TII 14 102 | 061 | 1,72 | 1,21 | 0,40 | 163 | 2,29 | 0,68 | 3,01
HCPoos | 0,05 | 0,05 | 0,05 | 0,06 | 0,05 | 0,06 | 0,05 | 0,05 | 0,04
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Takum oOpa3om, Ha TpUMepe TNPOU3BOACTBEHHOTO, MOJEIBHOTO U
BETETAIMOHHBIX  OMBITOB  TIOKa3aHa  YeTKas  TEHJACHIMS  YBEIWYEHUS
MOOMIM3AIIMOHHOM CITOCOOHOCTH THUTATENbHBIX 3JIEMEHTOB, 0coOeHHO (ocdopa,
Kamusi W KpPEeMHHsS, B TPyHTax, MpPH KOPHEBOM BHECEHHMH OuorpemnapatoB. B
MIPOU3BOJICTBEHHBIX YCJIOBHUSX BHECCHHS OWONpEnapatoB B TPYHT OCOOCHHO
MOKAa3aHO JUIS TOJBKO YTO BBICAKEHHBIX PACTCHHIA C €Ile HEeJOCTATOYHO Pa3BUTOM

KOPHEBOM CUCTEMOM WJIM IIPU CMEHE IPYHTOB B TEILIULIE.
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I'maBa 5. Dd¢dexTtuBHocTs QoauapHoii o00padoTkm OaKkTepHATbLHBIMHU
npenaparaMu B peryJiMpoBaAHNHM MHUHEPAJIbLHOT0 MUTAHUSA PO3 B 3aIMILEHHOM

rPyHTE U YCTOMYHUBOCTH UX K (UTONATOreHHBIM MUKPOMHUIIETAM

Hcnonb3oBanne OuomnpenaparoB sBiserca Haubonee 3(PGEKTUBHBIM, a
IJIABHOE, 3KOJIOTMYECKH O0€e30MacHbIM METOA0M OophObl € (UTONATOrEHAMHU.
[Ipumenenue  OuompenaparoB  CHOCOOCTBYET  MOBBINICHHIO  HMMMYHHTETA,
OPOAYKTUBHOCTH M YJIYYIIEHUIO JCKOPAaTUBHBIX KadecTB pacTeHuil. B
JanbHENIIeM, Mo Mepe U3y4eHHs IeUCTBHs OMONpenapaToB, OHU MOTYT 3aMEHUTH
B Terumiax Bce xumuueckue cpeacrsa (Radilova, 2004). TIpu atom mpoucxoaut
BOCCTAHOBJICHHE M aKTHBAIUSl MPUPOJIHBIX PETYIATOPHBIX MEXaHU3MOB, KOTOPHIE
o0ecreunMBalOT MHKPOOHMOJIOTMYECKOE pa3HooOpa3ue B arpoOMOIIEHO3aX U
HOBBIIIAIOT UX YCTOMUMBOCTH K ¢uTonaroreHaM (Uynkuua u np., 1998). Ocobbiit
UHTEpEeC HCCIeoBaTeNie MpU CO3JIaHUM HOBBIX OHOINpENapaToB BBI3BIBAIOT
OalIIsipHbIE  BUABI M3-32 MX CIHOCOOHOCTHM K OBICTpOMY pOCTY U K
MPOYIIUPOBAHUIO IIIMPOKOTO CIIEKTpa OMOIOTHUeCKH akTUBHBIX BemiecTB (BAB), B
TOM 4YHCIIE AaHTUOMOTHKOB, B YACTHOCTH, HHCTaTHHA, a TakKe pa3ITUYHbBIX

(bepMeHTOB, psAa aMUHOKUCTIOT U ¢puToropmoHoB (CMupHOB u Ap., 1985).

[Ipn mpuMeHeHUU OWOIpenapaToB B TEIUIMIAX CIEAYeT YYUTBIBaTh, YTO
MUKpPOOPTaHU3MBI-aHTATOHUCTHI  TOCTIE HMHTPOAYKIIMH, KaK MpaBWiIO, JIHIIb
HEIPOJIOJDKUTEILHOS  BpeMs  3aHUMAOT  JOMHUHHUPYIOIIEE  TIOJIOKCHHE B
cooOIiecTBe U ObICTpO mMorudaroT. Bo MHOTMX ciiydasx OTMEUE€Ha WX HH3Kas

3¢ (HEKTUBHOCTH MOCIE IEPBOTO MIPUMEHEHUS, YTO TPeOyeT MOBTOPHBIX 00pabOTOK

(EBcees, 2004).

HOBTOMy HC M3YUYCHHBIM OCTACTCA BOIIPOC O COXPAHCHHUHU YMUCIICHHOCTH, 4
3aTCM M HACTYIUICHHUM TIOMcCOCTaza JaHHOI'O MI/IKpO6HOFO coo6mecma, Koraa

I[06I/IB3IOTC$I MaKCUMAaJIbHO BO3MOXKHOI'0O «OUYHIIICHUA» JIMCTHCB paCTeHI/Iﬁ oT
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(pUTONATOr€HHBIX MUKPOOPIaHU3MOB, TO €CTh, YCTOMUMBOCTH JAHHBIX U3MEHEHUI
B PAaCTEHUU U TPYHTE IMOCIIE MPEeKpalieHus: 00pabOTKH pacTeHUI Onomnpenaparamu.

JI71st u3ydeHust 3TUX BOIPOCOB ObLIT 3aJI05KE€H MPOU3BOACTBEHHBIHN onbIT Ne 10.

Ha mpotsokeHnn Bcero mepuiofa HAONIOACHHWA B TETUIUIE TMEPUOIUYSCKH
(mMpUMepHO OJUH pa3 B MeECAIll) MPOBOJWIN MOJHYIO, MJIAHOBYIO JUIsl XO3SIICTBA,

00paboTKy pacTeHH pyHrHIIHIaMU.

Ilepen xaxmoi oOpabOTKOM pacTeHHWil OaKTepUAIbHBIM IIperapaToM B
HAITIEM OIBITE MPOBOJWIN BU3YAJIbHBIM OCMOTP PACTEHUHN ISl MOJCYETa PO3 C
IpU3HAKaMU MUKPOMUIIETHOTO UH(pUIIMpoBaHus. Pe3ynbTaT ocMoTpa nmokasai, 4yTo
9uCciI0 OOJIBHBIX PACTeHHH 10 00paboTku Obu10 — OT 54 % Ha KOHTPOIHHOM
Bapuante 10 53 % Ha Bapuanre bBIIl, m yxe mnocie nepBoro NnpUMEHEHUs
OaKTepHaAIIbHOTO Tpenapara 3TO 3HAYEHUE CHU3WIOCH Ha 35 % 1O CpaBHEHUIO C
KOHTPOJIEM U COCTABHJIO K KOHITYy onbITa 7 % OT 00111ero yrcia po3 (CHUKEHHE B &
pa3). Ha koHTponbHOM BapuaHTe 3a BpeMsi MPOBEACHHUS SKCIEPUMEHTa ObLI
OTMEYEH HEOOJIBIION POCT YMCla 3apaxeHHbIX pacTeHuit — ¢ 54 % g0 59 % or
00111ero UX KOJIMYECTBA, YTO MO JAaHHBIM CTAaTUCTHYECKON 00paOOTKHU HE SIBISIIOCH
3HAYUMBbIM.

Ha momeHT oT60opa 00pa3ioB uepe3 9 mecsieB mocie 3aBepIICHHs OIbITa,
MPU3HAKOB MUKPOMHULIETHOTO MH(GUIMPOBAHUS HE OBLJIO BBISIBICHO HU HAa OJHOM
U3 BAPUAHTOB. JTO, BEPOSTHO, OBLIO CBSA3aHO C arpOXMMHYECKMMU MOKa3aTeIsIMU
TPYHTOB, TaK KaK M3BECTHO, YTO ME(MUIIUT UM M30BITOK MUTATEIHHBIX JJIECMEHTOB
BBI3BIBACT pa3iuyHble AedOopMalMM PACTEHUN, NPUBOIAIIME K CHIDKEHUIO HX
IIEHHOCTH H OCHa0JseT UMMYHHUTET PAcTEHUW K pa3IUYHBIM 3a00JICBaHUSIM.
OOpaiano BHUMaHHWE OY€Hb BBHICOKOE KOJMYECTBO HUTPATHOTO a30Ta B TPYHTE B
roja JeWcTBUs Ouompemnapara, MO CpaBHEHUIO C mocieneictBueMm (tadn. 5.1),
3HAYEHUS KOTOPOTO 3HAYHMTENILHO BBINIE ONMTUMAJILHBIX 3HAYEHUM 11 po3 (opt —
400-1200 wmr/kr) 3T0, BEpPOSTHO, MU OBUIO TPUUYMHON TaKOW BBICOKOU

MH(UIMPOBAHHOCTH pacTeHuil Mukpomuiieramu B 2006 rony (Bemnuko, 2005).
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Tabnuna 5.1. ArpoxuMuyeckue mokasaTeu TPyHTOB JI0 Hadajga o0paboTKu

OwornpenapaToM U Ha MOMEHT 3aBEPIICHUS OTbITa (MI/KT)

Tox Bapuant NO;s NH,* P,Os K50
JleiicTBue KonTtpoman 3345,0 132,0 159.0 599,0
Ouomnpenapara BII1 3544,0 128,0 160,0 58,0
[TocnenerictBue | KoHTpoJb 1780,0 104.,0 197.0 231,0
Oouomnpenapara BIT1 1180,0 130,0 229,0 193,0
HCPo 05 983,0 10,0 27,0 89,0

[Ipu ompenenenuu PH Ha Bcex BapWaHTax HAOMIOAAIM CHIDKCHHE €T0
BEJIMYUHBI ¢ 5,5-6,0 B nieproj; oOpabOTKK pacTeHU OaKTepHaIbHBIM MpernapaToM
no 5,2-5,3 B cuenyromeMm roay. llo-BuaguMoMy, 3TO OBLJIO CBSI3aHO C
TEXHOJIOTMYECKUM  CHIDKEHHMEM  3HAUEHHMH  KHCJIOTHOCTH  I0OJaBaeMOIo
MUTATEJILHOTO pacTBopa A0 5,5 (3a cueT BBEACHUS B PACTBOP JJIS KalleJIbHOTO

IIOJINBA PACTEHUH (PU3UOIOTHUECKH KUCITIOro a30THOTO yaoopenus — (NH4)2SO4).

MukpoOHOIOTUYECKOE HCCIEA0BaHNE TPYHTOB MOKA3aj0, YTO MPOW30IIIa
MepecTpoiika MHUKPOOHOTO COOOIIECTBA, IIyTEM BBITECHEHHS MATOTCHHOTO
KOMIUTIEKCa MHUKPOOPTAHU3MOB «3JI0POBBIMU» KyJIbTypaMu. OTMEUEHO CHU)KCHHE
YUCIEHHOCTH MHUKPOMHUIIETOB (Ha JBa C TIOJOBHHOW TIOPSAKA) U TIOBBIIICHHE
aMMOHU(UKATOPOB (MOYTH HA JBa TOPSAAKA) HAa BapuaHTEe C TPUMEHEHUEM
donmapHoit 00pabOTKH pacTeHHUI OHOMpenapaToM 10 CPABHEHHUIO ¢ KOHTPOJIHHBIM
BApUAHTOM, HAa KOTOPOM CTAaTUCTHUYECKH 3HAYMMBIX M3MEHEHWUW B YHCICHHOCTU
canpoTpoPoB ¥ MUKPOCKOIMUUECKUX TPpUOOB He mpoucxoauio (puc. 5.1). Takum
obpazom, npu  donuapHo  oOpaboTke  pacTeHu  OuompenaparoMm
WHTPOIYIIUPYEMbIE HAMA MHKPOOPTAHU3MBI TIOMAIAl0T B TPYHT, MO-BUANMOMY, C

(1)J103MHBIM TOKOM paCTCHI/Iﬁ N KOPHCBBLIMH BBIACICHUAMMU.
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AMMoundukatopsl 4 MukpomuueTsl

Pucynok 5.1. UMCIEeHHOCTP MHUKPOOPTraHW3MOB B TPYHTE€ IIO BapuaHTaM

onbiTa B 2006 rony.

YuclieHHOCTh aMMOHM(PUKATOPOB M MHUKpOMHULIETOB B TpyHTe B 2007 T.
COCTaBMJIa: HA KOHTPOJBHOM Bapmante — 2,7+20,6 x 107 u 8320,6 x107,
COOTBETCTBEHHO, Ha Bapumante bII1 - 1,7402 x 10" m 58+0,3 x 10°
COOTBETCTBEHHO. TakuMm o00pa3oM, YHMCIEHHOCTh aMMOHHU(UKATOPOB, IO
cpaBHeHUIO ¢ 2006 TOJOM Ha KOHTPOJBbHOM BapHAHTE YBEJIMYMIOCH HAa NMOPSJIOK, a
Ha Bapuante bIIl, ymenpmmiaocs B 3 pasza. YBEIMYEHUE YHUCIECHHOCTU
aMMOHHU(UKATOPOB Ha KOHTPOJIbBHOM BapuaHTE ObUIO CBA3aHO C NEPECTPONKOMN
MUKPOOHOrO  COOOIlleCTBa TpPyHTa, KOTOpasi ONpelnesyiach H3MEHEHUSIMU
collepaHUsl TUTATENbHBIX JJIIEMEHTOB B TrpyHTe (Tabn. 5.1) 3a cuer
COOTBETCTBYIONIECH Pa3HUIIBI B UX MOTJIONICHUU PACTEHUSMH B TIEPHO]] CPE3KU PO3
(Silberbrush, Lieth, 2003). YucieHHOCTP MHUKPOMHIIETOB B TPYHTE BapHaHTa C
oOpaboTkamMu OHOINpenapaToM Jaxe dyepe3 JIEBITh MECSIEB OCTAETCs Ha MOPSI0K

MCHBIIC, YCM Ha KOHTPOJIbHOM BapHaHTC. 910 TOBOPUT O TOM, 4YTO, HCCMOTPA Ha
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HaJIM4YuEe TEHJCHIMM BO3BpaTa CHCTEMbl B IE€PBOHAYAIBHOE COCTOSIHHE,
«o3mopaBiuBarouMily  3ddeKkT,  JoCTUrHYyThIii  Omaromapss  oOpaboTkam
Oouonpenapatamu, ocrtaercs. OAHAKO OTMEYEHAa TEHJAEHUUS K YBEJIUYEHUIO
YHUCIIEHHOCTH MUKPOMHMIIETOB — 0 cpaBHEHUIO ¢ 2006 ro10M 4UCIEHHOCTh TPUOOB

Ha 00paboTaHHOM OuoIpenapaToM Bapuante Beipocia B 10 pa3 (puc. 5.1).

[TapannensHO ¢ U3BMEHEHHEM MHUKPOOHOTO COOOIIECTBA B TPYHTAX, IIJIa €T0
nepecTporika Ha MOBEPXHOCTH JIUCTHEB (AMU(MUTHBIX) W B TKAHSX JIMCTBIX PO3
(HA0(PUTHBIX) MUKPOOPraHu3MoOB (Tabia. 5.2). DHAOGUTHBIMH WIH SHAOPUTAMU
HA3bIBAIOT MHUKPOOPTaHU3MBI, KUBYIIIHE, MO KpaHeW mepe, oaHy ¢aszy cBoen
KU3HU, B PACTUTEIBHBIX TKaHAX M (HOPMUPYIOIINE C PACTEHUSIMU CBOEOOpa3HbIC

«BHyTpeHHHE» coobmiectBa (Strobel, Daisy, 2003).

Tabnuua 5.2. YucneHHOCTh 3MUGUTHBIX U SHIOPUTHBIX MUKPOOPTaHU3MOB
Ha pa3HBIX Cpeaax 3a MepUuoJa ACHCTBUS M TOCIEACUCTBUS OaKTepHUATLHOTO

npenapara, KOE/r Bo3ylHo cyxoro jgucTa

BapuaHTbl Hatbl oTO0pa OnudurtHbie OHpoduTHbIE

OmnbITa
1 2 1 2

Heiicteue | Oroop 1 | 1,6x10% | 1,7x107 | 3,6x108 | 1,9% 107

Ot6op 2 | 1,3x10% | 1,8x107 | 4,0x108 | 1,3x10’

KonTposb
OTt60p 3 3,7x108 | 2,7x107 | 2,9x10% | 4,5x10°
[MocneneiictBue | 1,9x108 | 2,5x108 - -
Heiicteue | Otoop 1 | 1,6x10% | 1,7x107 | 3,6x108 | 1,9x 107
Ot6op 2 | 2,3x107 | 2,5x108 | 2,9x10° | 4,5x10°8
BII1
Ot60p 3 2,0x10° | 3,0x107 | 3,4x10° | 2,8x10°
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IMocneneiicteue | 7,0x107 | 1,8x108 — —

[Ipumeuanue: 1 — [utatenvHblil arap; 2 — cpena Yameka-/lokca, ommoOka

ormbITa HE Oostee 5 %.

[Ipu omnpeneneHun YUCIECHHOCTH SMUGUTHBIX W SHAOPUTHBIX (OTOOP 2)
MUKpPOOPraHu3MoB Ha cpejne Yamneka-J[okca B 2006 . 0OTMEUEHO 3HAYMTEIbHOE (HA
nopsnok) ysenuuenne KOE/r nucra wa Bapumante bIIl, mo cpaBHeHuio c
KoHTpoJieM. [Ipu 3Tom, B oOpa3uax Bapuanta BIIl B oTnuume OT KOHTPOJIBHOIO
BapuaHTa, He HAOII0IaTu KOJOHUNA MUKPOMHIIETOB, B TO BPEMs KaK Ha KOHTPOJIC
NaTOT€HHbIE T'pUObI ObUTM OOHApyKEHBbl. DTO O3HAYAET, UYTO YHCTass KyJIbTypa
OaIuuT UHrUOUpPYyeT POCT IPUOOB, BBHITECHSST MX U3 MUKPOOHOro coobiiecTBa. B
nanpHeimeM (oTOéop 3) YHCICHHOCTh MHUKPOOPTAHM3MOB Ha BapUaHTax C
00paboTKoil U Oe3 Hee BhIPABHUBAETCSA, YTO MOKHO OOBSICHUTH KaK BO3BpPAILCHUE
AMU(UTHOTO MUKPOOOIIEHO3a K UCXOTHOMY COCTOSIHHIO, HO TIJIECHEBBIX TPUOOB Ha

Bapuante bII1 Takxe He OBIIIO OTMEUEHO.

[Ipu  oOcCyXOeHUM  YHUCIEHHOCTH  OSNUPUTHBIX U SHAO(DUTHBIX
MUKPOOPTaHU3MOB TIPH MOCEBaX Ha MUTATENbHBIN arap u cpeay Yameka-Jlokca,
ObUTO OOpallleHO BHUMAaHHE Ha BXOJAIINN B MX COCTaB OpPraHUYECKHil cyOcTpar.
Tak, B cpene Yameka-/lokca B KadecTBE HCTOYHUKA YIJIEPOAA COINEPIKHUTCA
caxapo3sa, B TUTaTebHOM arape — nenToH. CieoBaTeNIbHO, B TIEPBOM CIIy4ae MBI
HAOMIOanM  JWHAMUKY  YHCIEHHOCTH  MHKPOOPTaHM3MOB,  OO0JIaJaronIux
CaxapoJMTHYECKOW aKTUBHOCTHIO, BO BTOPOM — MPOTEOIUTUIECKON aKTUBHOCTHIO.
YuuTeiBas aHaIM3 TMPUBEICHHBIX BBIIMIC JAHHBIX MOXHO 3aKIFOYHUTh, YTO UMEHHO
Omaromapsi MUKpOOpPraHU3MaM, CIIOCOOHBIM, KaK K THAPOJIU3Y OENKOB, TaK H
NPOCTBIX  YIJIEBOJOB, B YAacCTHOCTH, WHTPOAYIUPYEMBIX Hamu  Oaruiu,
00J1aTafonMX MMEHHO Tako crocoOHocThio (Ompenenutens Oaktepuit bepmxu,
1997) u mpoucxoauT mepecTpoiika MUKPOOHOTO COOOINEeCTBa, W KaK pe3yJbTar,

CHHM)KCHHE 3a00JIeBAEMOCTH paCTCHHﬁ.
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B mnepuon mnocrneneiicTBUs 4MCIEHHOCTh SNU(MUTHBIX MHUKpPOOPTaHU3MOB
UMEET, MO-BUJIMMOMY, CYKCECCHOHHBIE OTKJIIOHEHUS OT Nepuoja AeUCTBUS
(cpaBHUBaJIM C AAaHHBIMH IOCJIE€ OKOHUYaHUs ombliTa — 0TOOp 3). Tak, KOJu4ecTBO
KOE/r cyxux pacrenuii Ha cpene Yameka-/[okca Ha KOHTPOJIBHOM BapHaHTe, Ha
NOPSJIOK BbIIIE, YEM B Mmepuoi JaeicTBusa. Ha mnurarenpHOM arape Ha 3TOM
BapuaHte B mnepuon mnocueneiicteus KOE/r cyxoro pacteHuss 3nuQuTHBIX
MUKpPOOPraHU3MOB OBbLIO B J1Ba pa3a MeHblue, yeM B 2006 roxgy. Ha Bapuante BII1
— Ha cpene Yaneka-/lokca, YMCIEHHOCTD B IIEPUOJ NOCIEACHCTBUS YBEINYMBAIACh
Ha TMOPSJOK, a Ha IWTAaTEJIbHOM arape — YyMEHbIUWIach Ha JBa MOPSAIKA.
CrnenoBatenbHO, uepe3 9 MecsAleB HAONIONEHUS YHUCICHHOCTh SMU(UTHBIX

MUKPOOPTaHU3MOB BO3BpaIlAJIaACh K UCXOOJHOMY COCTOSAHHUIO.

Nzydyenne BmusHus ¢oauapHoi 00pabOTKU pacTeHUil OaxTepuaIbHbIM
npernapaToM MoKasall, 4To mocie nociennei 0opadotku B 2006 oy 4MCIEHHOCTD
MHUKPOOPTaHu3MoB B 1 M® BO31yXa IpH NMOCEBE Ha NUTATEILHOM arape U CPEe
Yanexka-Jlokca cocTaBMiIa: HA KOHTpPoIbHOM Bapuanrte — 4,5 x 10 u 3,9 x 103
KOE/m3, coorBercTBeHHO, Ha Bapmante BII1 — 2,4 x 10° u 2,1 x 10® KOE/M3,
COOTBETCTBEHHO. TakuM 00pa3oM, Ha BapuaHTE C MPUMEHEHHEM Ouompernapara
xommaectBo KOE/M® Gb110 B 1Ba pa3a HmKe, 4eM Ha KOHTPOJE HA JBYX CPElax,

YTO KOCBCHHO I'OBOpPHUT 00 «O3O0POBJICHHUN» BO3/1yXa B TCIIIAIIC.
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I'naBa 6. U3yyeHue MUKPOOHMOJIOTHIECKOT0 CTATYCA PO3, OKPYKAIOIIEH Cpeabl
HUX BbIpalIUBaHUS, 3(PPEKTUBHOCTH NMPUMEHEHUS (PYHTHIHMIOB B TeIIHIIE.
Pe3yabTaThl HCCIEI0BAHUS COCTABA MHUKPOOHOr0 coo0mecTBa 0OJBHBIX PO3

MeTO/I0M ra3oBoii xpomaTorpaguu — Macc-CleKTpOMeTPUHU

Jl7iss BBIACHEHUS NEUCTBUS (DYHTHIMIOB HA YHCTYIO KYJIbTYpy OJHOTO W3
TpPeX BBIICICHHBIX HAMH BO30YAHUTENCH MHUKPOMHIICTHOW HH(DEKIUH, B YALIKA
ITetpu, 3acestHHBIC CIUIOIIHBIM Tra3oHoM EXxophiala sp., momermamu OymakHbie
JMCKU, TpomnuTaHHble  (GyHrunuaamMu  (Bce  (QPyHrummapl  TMOMEPEMEHHO
UCIIOJIL3YIOTCSI B COBX03¢ YJIBSTHOBCKOM) B PEKOMEHIOBAHHBIX ITPOU3BOIUTEIIEM
koH1eHTpausax: Canpons 0,07%; Dynapen 0,1%; [IpeBukyp 0,1%; Tonaz 0,05%;
®dynnazon 0,1%; Ctpodu 0,4%; Pexc 0,02%; Pomomun 0,1%; Panskon 0,04%;
Kondyro 0,07%; Ksaapuc 0,04%; Pentak 0,12%.

AHajM3 IMOJMYYCHHBIX IIOCEBOB IO BEJIIMYWHE 30H TMPOCBETIICHUS BOKPYT
JUCKOB TIOKa3aj, 4To Mukpomumier Exophiala sp. dyBcTBHTENCH TONBKO K MSATH
byarummaam (puc.6.1 u puc.6.2). Camas BbICOKash YyBCTBUTEIBHOCTh OTMEUYCHA

s gyurummna Peke 0,02%. 1o yyBcTBUTENBPHOCTH (DYHTULIUIBI PACHIONIATalOTCS

B cienyonieM nopsiake Pekc >Pogomun>®anskoH, Dynapen >IIpeBuxyp.

Pucynok 6.1. UyBctButensHocTh Exophiala sp. k ¢yurunuaam 1) Pekc u 2)

Poxomui.
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Pucynok 6.2. UysctButensHocts Exophiala sp. x pyrrumumaam 1) danbkoH,

2) Dynapen u 3) [IpeBukyp.

OcranbpHbIC TCCTUPYCMBIC (bYHFI/II_II/II[BI HC TIPOABJIAIOT AKTUBHOCTH K

Mukpomuiiety poaa Exophiala sp (puc.6.3-6.4).
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Pucynok 6.3. OrcyrcTBue uyBcTBUTEIbHOCTH EXOphiala sp. k ¢yHrummmam

1) Tomas, 2) Pettak u 3) Canpoib.

Pucynox 6.4. OtrcyrcTBue uyBcTBUTEIbHOCTH EXOphiala sp. k ¢yHrummmam

1) Konedyro, 2) Keaapuc, 3) ®ynaazon u 4) Ctpoodw.
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Takum oOpazoM, Bce MpuUMeHseMble B Temiuie GQYHrUIUabl (BCEro
JIBEHAJIIaTh HAMMEHOBAHWM) JTMOO OKAa3bIBAIOT CIUIIKOM claboe JecTBUE Ha

q)HTOHaTOFCH, 7100 HE OKa3bIBAIOT €TI0 COBCEM.

OmnpenesieHusi coctaBa MHKPOOHOro coodmecrsa 00JbHBIX PoO3,
NMOPAXKEHHBIX «IecTajouueii o0yrjieHHO» (CIUIIIIEHHOCTH) METOA0M

ra3oBoM XpoMaTorpapuu — Macc-ClieKTpOMeTpPUH

OpnHO M3 caMbIX BPEIOHOCHBIX 3a00JICBAaHWM PO3, BBI3BIBAIOIICE TIOSBICHHEC
00eToB ¢ «000XKEHHBIMU MAKYIIIKAMH U YIUIOMICHUEM CTE0JIsA, BRI3BIBAEMOE, KaK
cuntaercs, rpubom Pestalotia adusta — «mecromomus oOyrieHHas». Ilpu
MPOHUKHOBEHUW W JAlbHEWIIEM pa3MHOXEHUU B pPO3ax »OTOTO TMATOTCHA,
MPOUCXONUT CIUTIOIIMBAHUE BEPXHEW YacTh CTEONsT paCcTEHHUs, BBI3BIBAS HX
UCKpUBIIcHHe, ToOypeHHe U ycbixanue. [losBisercs QuoseToBas OKpacka y
OCHOBaHMS OyTOHA, CHJIbHOE€ W3MCHEHHWE IIBETa JIMCTOBOW IJIACTUHBI. JIMCThS
JIETKO OTPBIBAIOTCS OT CTEOJIS M OIajarT. YiepO oT 00JIe3HU OTPOMEH: MOTYT

NOTHOHYTH BCE HaJI3eMHbIe YacTu pacteHus (Tpeaiic, 1998).

UccnenoBanusi, nmpoBeneHusie B 1997 rony B Termumnax nexa Nel coBxosa
VYabstHOBCKHMI rpymnmoil yuensix ['maBHoro boranmdeckoro cama u (akymnbTera
nouBoBeeHuss MI'Y mokazanu, 4To u3 credsel 1 TUCTheB OOIBHBIX PaCTEHUH, CO
CXOJHBIMH  MOP(QOJIOTHYECKMMHU  TpU3HAKaMU, KakK H Yy  pacTeHHUH,
uHpumupoBanneix Pestalotia adusta, B omHOM ciiysae ObUI  BBIIETICH
MaTOKOMIUIEKC W3 BUPYCOB, OaKTEpHii, MUKOILJIa3Mbl U 3TOIO MHKPOMHUIIETA, & B
JPYrOM 3TOT IUIECHEBBIN rpul He ObuI BblAeeH. TakuM 00pa3oM, STHOJIOTHUS HTOTO

3a00JeBaHus OCTaIach 10 KOHIA He sicHou (Po3bl B Termiiax, 2003).

Hamm nccenenoBanus MpoBOAUINCh HA TEPPUTOPUU TEIUIMYHOIO XO3SIMCTBA

JIEKOPATUBHOTO I[BETOBOJICTBA YIbsHOBCKHM, B 2005-2007 romax. OOBEKTOM
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uccienoBanus Obutn po3bl copta Lively Red, mopaxkeHHble, 1O BHEUITHHM

npU3HAKaM, TaK Ha3bIBAEMOM «IeCTaIouel 00YTICHHON.

bein oToOpanbl 00pasiel pacTeHuid (CTEONM W JIUCTHS), 1O 5 BapHAHTOB
310poBBIX pacTeHuil (0T Nel g0 Ne5), 6e3 mpu3HAKOB 3apaskeHUsl «I1ECTOJIOLHEH
00YTJICHHOW» M pacTeHUH C MPU3HAKAMM 3apa)X€HUs dTUM 3a0osieBaHueM (0T Neb
1o Nel0), a Taxke rpyHTa moja HUMU Ha riyouny 10 cM, ¢ Toi ke Hymepaluew,

Kak y pacteHui. Bo3pacT KycTOB po3 - Tpu roja.

OOpa3iel cTednei It MUKPOOMOJIOTHYECKUX HWCCIEIOBaHUA OTOMpaIn B
CTEPUJIbHBIE TTAKETHI U CPa3y e UCCIIeA0BANIU. bbul nMpoaHanu3upoBaHbl 00pa3Ilbl
cTeOMNsl 30POBBIX PACTEHHM pO3, B3SAThIe HAMU KaK KOHTPOJbHBIE BapUaHTHI, U
oOpa3ipl crebseil OOJIbHBIX PAcTeHH, ¢ YETKO BBIPAKEHHBIMH CHUMITOMaMU
u3zydyaemoro 3aboseBaHus. HakonmuTelbHYI0 KyJNbTYpy HpPOCTEHIINX TOTOBUIIM B
CEJIEKTUBHOM IIUTATEJIbHOU CpPEAEe — CEHHOU OTBap. MeTox MpUroTOBIEHUS CPEAbI
I OpocTedmmx: 15 T KM3MEIbUYeHHOrO0 CEHa KuoATIT 15 MuH B
JUCTUIIMPOBAHHOM BOJiE, 3aTeM (QUIBTPYIOT, Cpa3y HaluBaiOT B 4amku Koxa
(BeICOTOM 6 cM, nuameTpoM 10 cM) uiu B CTEKJIsSHHBIE OaHKU. B KakIbIil cocyn
BHOCSIT HECKOJIBKO MPOKUIISTYCHHBIX cTeOeIbKOB ceHa. Cocyn OCTaBisIOT HA HOYb
OTKPBITHIMHU, YTOOBI B CpeAy MOIJIM IOMNacTb OakTepuH. 3aTeM HUX 3aKpbIBAIOT
HEIUIOTHO TPWJICTAIONIEH KPBIIIKOM, uepe3 1-2 AHA BHOCAT MCCIETYyEMBbIN
marepuan (Herpycos, 2005). B mnpurorosnennywo cpeay, oobemom 10 wmu,
NOOaBISIM  OTPE3KU CTeOJe HcciaeayeMblX pPAacTeHUN JIUHHOW 2 CM H
KyJbTUBUPOBaJIM B TEUYEHHE 2-X CYTOK IIpU KOMHATHOM TEMIIEpaType,
ONPENENICHNUS] KAXKJIOr0 BapHaHTA BBINOJHSAIM B 3-X MOBTOpHOCTAX. [lomcuer
YUCJIEHHOCTH J>KMBBIX MPOCTEHIINX NPOBOJWIMA B IUIAHIIETE C JYHKaMU B
aBTomMaTu3upoBaHHOM npudope «buoJlaT» npoussoacTBo Poccusi, moakiIt0ueHHON

K KoMIbioTepy ¢ nmporpammoii «AutoCiliatay (Uepemubix, 2007).
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Jlist BbIsIBIIEHUsT (DUTOMATOr€HA, BBI3BIBAIOIIETO ATO 3a00JIEBAHUE, MBI
WCIIOJIB30BAIM  MOJICKYJISIPHBI ~ METOJl Ta30BOM xpomarorpadgum — wmacc-

criektpomeTpun (I'’X-MC).

ConepxaHue NUTATEIBHBIX AJEMEHTOB B M3YYEHHBIX HAaMU TETUIMYHBIX
IpyHTaxX OKa3ajJoCh BBIIIE ONTHUMAIbHBIX BEJIMYMUH IO ATUM TOKazarensM (Taoil.
6.1), cmenyer OTMETHTh, YTO OYEHHh BBICOKOE COJIEP)KAHHE a30Ta W CIA0OKUCIas
cpena OjaronpusTHa JJig pa3BUTUS MUKPOMHIIETOB, B TOM YHUCJE€ W MaTOM€HHBIX
(BaBunoB, 1986), Tak Kak MpuU BHICOKOM COJIEp)KaHMM B TPYHTAaX azoTa
BOCIIPUUMYHMBOCTh PACTEHU KO MHOTHM NaTOT€HAM MOBBINIAETCA. DTO B MEPBYIO
ouepellb OTHOCUTCS K OOJIMraTHbIM Mapa3uTaM, TaKuX, Kak BO30yaHUTeNIn

pKaBUMHBI, My4HUCTOM pockl u Ap. (lIkanukos u ap., 2001).

Ta6muna 6.1. ConeprxaHue MUTATEIbHBIX JIEMEHTOB B TOPGOTPYyHTAX, MI/KT

BO3AYHIHO-CYXOT'O B€Ca

Homep NO3 NH,* pH P,Os K20
BapHaHTa

Ne 1 2804,4 166,7 5,1 460,6 1181,82
Ne 3 2261,5 1493 47 611,1 1333,33
Ne 4 2560,3 83,9 5,6 763,7 1787,9
Ne 5 2761,5 126,2 47 987,4 1060,6
Ne 6 2529,7 78.1 5,0 844,9 1393,9
Ne 8 2500,5 176,1 57 4418 1454,6
Ne 9 1563,6 81,6 5,2 799,26 1030,3
Ne 10 2853,1 1795 4.6 263,0 969,7
HCPo0s5 232,0 18,6 0,1 58,9 1123
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OmnpenencHue CoJepKaHUs B JMCThIX 3J0POBBIX M OOJBHBIX PO3 a30Ta,
dochopa m Kanmus TMOKA3alo0, YTO JOCTOBEPHO OTIWYAIOCH JIMIIb KOJIHMYECTBO

Kaliusd B HCCIICAYCMBIX 06pa311ax, Y 3J0POBBIX paCTCHI/Iﬁ 3TOT IIOKAa3aTeNlb ObLI

BhITie Ha 14% (Tabmn. 6.2).

Tabnuma 6.2. ConeprkaHue MUTATEIBHBIX AJIEMEHTOB B JIUCTHAX P03, %o

No BapuanTa N P»0Os5 KO
1 1,96 0,32 3,25
2 1,95 0,26 2,02
3 2,22 0,27 2,44
4 2,39 0,25 1,78
5 2,15 0,40 2,03
Cpennee 2,13 0,30 2,30
6 1,80 0,41 1,94
7 1,91 0,36 1,94
8 2,16 0,26 1,75
9 2,17 0,22 2,27
10 1,53 0,21 2,14
Cpennee 1,96 0,29 2,01

I[Io MHeHHIO HCKOTOPBIX YUYCHBIX H3Yy4da€CMOC HaMH 3a00J1€BaHUE MOIKET
BbI3bIBATHL HCAOCTATOK MHKPOIJIICMCHTOB, B YaCTHOCTH 60pa B TpyHTax W,

cooTBeTCTBeHHO, B pactenusx (Hoitink et al., 2000). Onpenenenne 6opa B cTebIsIX
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3I0POBBIX U OOJIBHBIX pacTeHUM mokasano (Tabia. 6.3, puc. 6.5), 4TO KOJIMYECTBO
ATOTO 3JIEMEHTA JOCTOBEPHO HE Pa3MyaeTcs B UCCIEAYyEeMbIX 00pa3lax U MMEeT

HU3KOe, HO He KpUTUUYeckoe 3HaueHue s po3 (Punskuc, Homnennopd, 1977).

20
15 T
10

MI/KI

370POBBIC OOJIbHBIE

cpeaHee 1Mo BapuanTam

Pucynok 6.5. Coneprxanne 60pa B JUCTBSAX 3J0POBBIX U OOJBHBIX PO3.

Ilopcyer KosnuecTBa KUBBIX MPOCTEHIINX, IIOCHE KyJIbTHUBUPOBAHUE
cTebneil OONBbHBIX U 3/I0POBBIX PACTEHUN B CEJIEKTHBHOW Cpelle MoKasaj, YTo B
CPEIHEM I1I0 BCEM BapHaHTaM OIIbITa 3TOT IIOKA3aTesb B 1 M Cpenbl y 340pPOBBIX

pacTeHui ObLT B IBA pasa HIDKE, 4eM y O0JbHBIX (Tabdi. 6.4)

Ta6numa 6.3. Conepxanue 6opa B CTEOJISIX paCTeHHUM, MI/KT

No BapuanTa B

1 9,63
2 16,92
3 13,91
4 12,85
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5 13,42
Cpennee 13,35+ 2,60
7 14,28

9 15,38

10 9,81
Cpennee 13,16 + 2,95

Tabnuma 6.4. KonnuecTBo npoctedmux B 1 M KyJIbTypajdbHOW XKUAKOCTH,

€ AMHULIBI
Howmep IToBTOpHOCTH

BapuaHTa 1 5 3
1 0 3 2
2 0 0 0
3 13 0 0
4 0 0 0
S) 15 11 8

Cpennee 1o 310poBbIM — 3,47

6 0 92 0
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10 2 0 0

Cpennee no 6osbHBIM — 7,93

[Ipu cpaBHEHMM TMOJIYYEHHBIX JaHHBIX MHUKPOOHOTO COOOIIECTBa TIO
pesyabratram Metoga I'X-MC 310poBbeIX U OOJBHBIX pacTeHui (cpeaHee mo 5

BapHaHTaM OIbITa) OBLIN TOJTYUYEHBI CIICIYIOIIHNE Pe3yabTaThl (Tab. 6.5):

OO611ast YUCIEHHOCTh MUKPOOPTaHU3MOB B MPOoOE 30pOBBIX cTEOJEH B TpH
paza Oombiie, yeM B O0nbHbIX. CHIDKEHHE KOJIMYECTBA MHUKPOOPTAHHU3MOB
MPOU30IIJIO, B OCHOBHOM, 3a CUET HECKOJIbKMX aHa’pOOHBIX U (PaKyIbTaTHUBHO-
aHa’poOHBIX BHUAOB Oaktepuil. B dacTHOCTH, B CTEONAX 3MOPOBBIX PACTCHHH B
4yeTeipe pasa Beime coaepkanue Clostridium sp. u Gomee wem B 20 pa3 —
Clostridium propionicum, moutu B 30 pa3 — Peptostreptococcus sp. 13 a3poOHbIx
BUJIOB CYILIECTBEHHOE MPEBBIIICHUE B CTEOJIAX 310POBBIX PACTEHUI OTMEUEHO AJIs
Nitrobacter sp. (mpumepno B 30 pa3), (Corynebacterium sp. (B 40 pa3) wu
Micrococcus sp. (B 60 pa3). B mpomeHTHOM OTHONICHHH OTHOCHTEIIHHO
CYMMapHOW YHCIEHHOCTH MHUKPOOPraHM3MOB HAOJI0OJaeTCsl IOYTH PAaBHOE
coJiepKaHue aHa’pPOOHBIX U (PaKyJIbTaTUBHO-aHAIPOOHBIX BHUJIOB, KaK B 3J0POBBIX
(67%), Tak m B OombHBIX (63%) cTebmsax po3. CriemoBareabHO, MUKPOOHOE

COO6H_ICCTBO N3y4aCMbIX P03 HMCJIO aH8.3p06H0€ BHJOBOC IMPCUMYIICCTBO.

[To ©OwopazHooOpa3ui0 COOOIIECTBO MHKPOOPTAaHU3MOB Ha  CTEOJAX
3JI0POBBIX PO3 HECKOJIbKO Ooraye. Tak, B 310pOBBIX CTEOIIAX OBLIO ONpeneiaeHo 32
BUaa OakTepuil, oTHOCSmUXCS K 27 pojam, B OONBbHBIX — HECKOJbKO Huxke (30
BUIOB U3 25 pomaoB). Tak, y OONBHBIX pPACTEHUN HE BBISBICHBI TaKHE

aKTUHOMHUIETHI Kak Streptomyces sp. YuuTbiBas aHTUOMOTUYECKHUE BO3MOKHOCTH
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9TOro Buaa, MOXXHO IMPCAIoJgaratb MOTCpro 3alliluTHBIX CBOMCTB pacTeHuA, KOTOPOC

OHO TIOJTy4YaeT OT COOOIIECTBA AMUPUTHBIX (HE MATOT€HHBIX) MUKPOOPTaHU3MOB.

CymMapHasi 4YHCIIEHHOCTh MHUKPOCKOTMYECKUX TpPUOOB B  OOJBHBIX
pacTeHusix OblIa B JBa pasa BhImie (puc. 6.6.a). DTO MO3BOJISLIO MPEIANOIOXKUTH,

YTO MUKPOMHUIIETHI — BOBMOYKHBIE BO30YIUTENH «II€CTAJIOLHUHU 00YTIICHHOW.

IIpu cpaBHeHMM KonMyecTBa TmpocTeMmmux 1o gaHHeiM  ['X-MC
VCCIIEIOBAHUS IIOKA3aJI, YTO KOJIMYECTBO 3TUX MHUKPOOPraHU3MOB B IIECTh Pa3
MCHBIIIC B 3J0POBBIX pO3ax, 4eM B OONBHBIX (pHc. 6.6.0). DTO MO3BOIMIO

MNpECAINoOJ0XUTb, YTO UMCHHO HpOCTCfIH.IPIG — BUHOBHHUKH 3a00JICBaHUS.

Takum o6pazom, anammu3 o60pa3ioB wmerogom ['X-MC mokasan, d9To
3a00seBaHuE PO3 «IecTanolured oOyriIeHHON» MOTYT BbI3bIBATh MPOCTEUILINE WIIH
KOMILJIEKC — mpocTeimme u rpudsl. [lpocreiinme, mo MHUKPOCKOHUPOBAHUIO
KYJbTYpaTbHOW JKUIKOCTH «BUCSYAs KaIUIsD», BEPOSATHEE BCETO JKTYTHKOHOCIIBI
kiaacca Mastigophora, pasmepom 50-200 mxMm, a He rpuObl pona Pestalotia, kak
CUMTAJIOCh paHee, 4YTO TpeOyeT [Apyrol CTpaTerud TMpH JIEUYEHUU OTOTrO
3abosieBanus. OQuH U3 MpeajiaraéMbIX HAMHA METOJIOB — BHECEHHE B TIOUYBY (B /103€
0,5 wmr/r mouBel) u omnpbickuBanue pacteHuii (0,1% - HbBIM pacTBOpOM)
meTtponuaazoiia — CsHgN303 (Jjemba, 2002).

Tabmuma 6.5. CoctaB MUKpOOHOTO cooOmecTBa cTeOseld OOJIBHBIX W
3JIOPOBBIX PACTECHUH, CPETHEE IO BapuaHTaM

Mukpoopranusmel,
OTHOCHUTEJIbHBIE
eauHuIb X 10° CocrostHue pacteHus

00JIbHOE 3I0pOBOE
Rhodococcus terrae 5,30 3,52
Bacillus/Cellulomonas 4,36 12,72

Peptostreptococcus 0,30 8,03



Clostridium
propionicum

Nocardia sp.
Eubacterium lentum
Moraxella sp.

Pseudomonas
fluorescens

Propionibacterium
Micrococcus sp.
Pseudonocardia
Streptomyces sp.
Clostridium sp.
Nocardia carnea
Ruminococcus sp.

Aeromonas
hydrophila

Sphingomonas
capsulata

Acetobacterium sp.
Rhodococcus equi
Mycobacterium sp.

Enterobacteriaceae

Corynebacterium sp.

Clostridium difficile
Nitrobacter sp.
Wolinella sp.
Bifidobacterium sp.

Bacillus subtilis

0,43
5,30
1,2

0,26

1,85
0,06
0,15
0,25

15,99
2,99
12,57

0,3

0,19
0,44
1,86
1,66
0,65
0,03
0,16
0,13
0,71
0,06
0,37

209

13,65
4,00
0,88
0,26

7,91
0,00
9,06
0,83
5,24
61,04
8,94
11,14

0,00

0,42
0,34
6,07
3,73
2,51
1,28
0,36
3,82
1,24
0,05
0,54
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Bacteroides fragilis 0 0,48
Staphylococcus sp. 0,83 4,00
Acetobacter
diazotrophicus 1,23 2,43
C.perfringens 0,02 0,04
FeRed 0,54 0,86
Cymma 60,19 175,38
a) 6)
9
8
7
6
35
T 4
°3
; ]
1 [
0
3§ 3% 35 3§
33 o B I3 83
58 &8 58 88
© 3 g8 ©a g3

Pucynok 6.6. CooTHollleHWE a) MHUKPOMHIIETOB M 0) MpocTeHImux B

OOJIBHBIX U 3[IOPOBBIX PACTEHUSAX

B pesynbrare nmpoBeaeHHON pabOTHI OBLIO TIOKa3aHO, YTO MPU ONPEICICHHH
B JINCTBhSIX OOJIBHBIX M 3JI0POBBIX pacTeHui azora, Qocdopa, kamus u Oopa,
JIOCTOBEpHAsl pasHUIA 1O OSTHM OJJICMEHTaM BBISBJICHA TOJILKO il Oopa |
COCTaBIISICT YBEJIWYCHHE KOJMYECTBO 3TOTO 3jieMeHTa Ha 14 % y 3I0pOBBIX
pactenuii. ConepkaHue MOABMKHBIX (HOpM MakpodjieMeHToB U pH B rpyHTax moj

OOJBLHBIMU H 300POBLIMHA PACTCHUAMHN JOCTOBEPHO HC OTIINYAJIOCh.
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I'naBa 7. HUccienoBaHue CHOCOOHOCTH K YKOPEHEHHUI0O 4YEpPEHKOB PO3 IpPH
NPUMEHEeHUH 0aKTepHAJIbLHOIO0 NMpenapara U HHAOJUIYKCYCHOH KUCJIOTHI MPH

BbIPAIIIMBAHUM B TPYHTAX € Pa3HBIM COJIePKAHHEM OPraHMYeCcKOro BelecTBa

OpHoit w3 mnpobieM COBPEMEHHBIX TEIUIMYHBIX XO3SMCTB  SIBISETCS
MOJIyYEHHE YKOPEHEHHBIX YEPEHKOB pO3 Il Pa3MHOXKEHUS PACTEHUU IpHU
HEOOXOJMMOCTH 3aMEHBl CTapblX pAacTeHHd Ha HOBbIE. OJTO CBS3aHO C
pa3BeleHUEM, KakK MpPaBWIO, COPTOB HE POCCHMCKOW CEJNEKIMU B TEIUIMLIAX,
JIOPOTOBH3HA 3aKyNOYHOr0 MaTepHala 3a TPaHULE M OTCYTCTBUEM B HalleH

CTpaHe HaJa)XEHHOTO OM3HEeca, 3aHMMAIOIIET0Cs 3TON MPOOIEMOH.

VYcneniHoe  BereTaTUBHOE  Pa3MHOXKEHHE pPO3  METOJOM  3€JIE€HHOTO
YepEeHKOBAaHHUS HCCIEOBATENAMHU 3aBUCUT OT MHOTUX (PAaKTOPOB - BIAKHOCTb U
TEeMIlepaTypa OKpy»Karoleh cpeapl, BO3pacT MATOYHOIO pAaCTEHHUS, CpPOKHU
YepEeHKOBaHHUs, AJUHA YEpEeHKa W TPUCYTCTBHE HA HEM JIMCThEB, COPTOBBIC
0COOCHHOCTH PO3, COCTaB TPyHTa, 00pabOTKa YEPEHKOB CTUMYJIATOPAMH POCTA U
apyroe (Typeunkas, 1961; Mopo3, 1985; Cuyrxa, 2002; 3opuna, 2000;
TananyeBa, Masiukuii, 1990; 3axapuyk, 2003).

HecMoTps Ha 1aBHEe U3ydeHUE U UCIIOJIb30BAaHUE 3€JIEHHOTO YePEHKOBaHUS,
70 CHX TIOp CYHIIECTBYET Pl MPOOJIeM MpHU MPUMEHEHHH 3TON TEXHOJIOTHUHU IS
3aKpBITOrO0 TpyHTa. YacTo MPOIEHT YKOPEHEHUS YEPEHKOB B TEIUIMYHBIX
xo3siicTBax cocraBisier mMeHee 50% (Pemberton et al., 1986). Takue Huzkwue
MOKA3aTeNId MOTYT OBITH CBSI3aHBI C MOPAKCHUEM YEPEHKOB (DUTOMATOTCHHBIMU
Mukpoopranusmamu (TanamyeBa, Masikuii, 1989), Tak Kak, BbICOKas BJIa)KHOCTb
BO3/lyXa M TIOBBINICHHAS TEeMIIEpaTypa, KOTOphle TpeOyIOTCs i 0O0pa3oBaHUS
KOpHEH poO3, W HajguMyMe cpe3a Yy YepeHKa CHOCOOCTBYIOT Pa3BUTHUIO
MHUKpPOMHIIETOB-(uTOnaToreHoB: Phytophora cactorum, Fusarium oxysporum,
Fusarium solani, Alternaria sp., Botrytis sp., Cylindrocladium sp. u ap. (Cxkanuii,
CamorenkoB, 2002; Sanftleben, 1986).
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Kpome nopaxenust uHGEKIUAMU, TPUUMHON HU3KOW YKOPEHSIEMOU MOXKET
ObITh HecOaTaHCUPOBAHHBIA COCTAB W BBICOKME KOHIIGHTPAIMA OCHOBHBIX
MATATEJIbHBIX JJIEMEHTOB M OPraHUYECKOTO BEIIECTBA B TEIUIMYHOM TrpyHTEe. C
OJIHOM CTOpOHBI, HECOATTAHCHUPOBAHHOE COOTHOLIEHWE OCHOBHBIX MMUTATEIbHBIX
AJIEMEHTOB MOXET MPUBOJUTH K 3aMEIJICHUIO POCTa KOPHEW W HAJI3EMHOM YacTH
yepeHkoB. C JIpyroil CTOpPOHBI, BHICOKME KOHIIEHTPAllMM OMOTE€HOB - YIHETAlOT
POCT TOJILKO YTO 00pa3yromuxcsi KopHed. B HanOospiiel CTeneHn 3T0 OTHOCUTCS
K TIOBBIIICHHOMY COJCP)KaHUIO a30Ta, KOTOPBIM CIOCOOCTBYET YBEITUYCHUIO
MOpPaKEHUS YEPCHKOB (PUTOMATOTCHHBIMU MuKpoopranusmamu (Poy-/laTToH,

1962; I'sacanus, Anekceesa, 1972; JlanbkoB, Menenus, 1983).

[Ipn yepeHkOBaHUM, MOCIE CPE3KHM C MATOYHOIO PACTEHUS y OCHOBAaHUS
YEpEeHKa BBICTYNA€T KIETOYHBIA COK M3 pAa3opBaHHBIX TKaHEW. 3areMm, B
YUEJIEBIINX KIJIETKAaX, PAaCIOJIO)KEHHBIX y OCHOBAaHHS CpPE30B, IIOBBIIIACTCS
OPOHUIIAEMOCTh IJIa3Mbl, Oyarojgapsi 4YeMy MpPOCTPAHCTBA MEXKIYy HUMHU
3aMOJHAIOTCS KJIETOYHBIM COKOM. DTOT COK COAECPKUT AbIXATEIbHbIE XPOMOI'€HBI U
KUPBI, TP CONPUKOCHOBEHUU C BO3JyXOM OH OBICTPO OKHUCIsieTcs, 00paszys Ha
MOBEPXHOCTH Cpe3a TOHKYIO 3allUTHYI cyOepuHOBYIO T1€HKY. I[lom Hel
MOCTEIICHHO TOSBIISAECTCS MPOOKOBBIA CIIOW, KOTOPBIA SBIAETCS OoOjiee YIPYTum,
yeMm cyOepuHoBas miuéHka. Ha BepxHeM cpese miuéHka He 0Opa3yeTcsi, KICTOYHBIH
COK BTATHBAETCS] BHYTPb CTEOJIsI, BEPXHSS YAaCTh KOTOPOTO BBIIIE JINCTOBOW MOYKU
nojceixaeT (Kpenke, 1928; Kpenke, 1950; Simon, 1908; Pristley, Swingle, 1929;
Ceepona, 1958).

BHOBb BO3HHKIIINE KIETKH pa3pacTaroTCs, 3alMTHAs TJIEHKA pa3phIiBaeTCs U
oOpasyercss HaApOCT, KOTOPHIA MPUHATO Ha3bIBaTh KarycoM. [lns myudrero
0o0pa3oBaHus Kajulyca HEOOXOAMMO Haau4ue JIMOO JOCTATOYHOIO KOJIMYECTBa
MUTATEIbHBIX BEIIECTB B YEpPEHKE, JMOO0 YCIOBUH, OJIArOMPUSTCTBYIOIINX
accumuisiuu. [losiBneHne kaimyca He Bcerga BeAET K 0O0pa30oBaHUIO KOPHEH.

Yacto kopHU 00pa3yrOTCsl HE U3 HETO, MPU 3TOM YEPEHKH C KaJUTycaMu 0e3 KOpHEH
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MOTYT HTb JIOCTaTOYHO [OJT0, TOrJa Kak YepeHKH, He oOpa3oBaBIINE HU
KaJUIyCOB, HH KOpHeH, ObicTpo morubarotr (Typeuxkas, 1961; Komuccapos, 1964).
Kannyc wuzonmupyer Mecra paHeHHs W OSTHM NpPUIAeT YEepeHKaM OOJIbIIYIO
YCTOMUMBOCTh K HEOIAronmpusTHBIM (akTopaM cpeabl U (QHUTOMaToreHam, 4ro
MIOJIOKHUTEIFHO BIHMSET HA UX YKOPCHEHUE U SIBJISICTCS BPEMEHHBIM XPAHWJIHIIEM
3aracHbIX MUTATEIbHBIX BELIECTB, KOTOPHIE 3aT€M MOTYT OBITh MCIIOJIb30BaHbI Ha
pa3Butue KopHeil y uepenkoB (Komuccapos, 1964; Tapacenko, 1967). CroniHoe
oOWJIBHOE  KajlycooOpa3oBaHWE, KaKk  MPaBUJIO,  CBHUJAETEIBCTBYET O
HeOJIaronpusITHOM THAPOTEPMUUYECKOM PEKUME, B TOM YHUCIIEe M30BITKE Terja U
Biaaru. [lpu cmmomHoM HamuibiBe Kajuryca Oosnee 3 MM KOpHEoOpa3oBaHHE

3aMeJIsieTCs U MOKeT He HacTynuTh (Bacunbesa, 2002).

YepeHku, B3ATbIE CO CIHMIIKOM MOJOJBIX, XPYNKHX TMOOEroB, eme He
00Jsa1a10T cnocoOHOCThIO MU PepeHInpoBaTh MPUIATOUHBIE KOPHU, MPHU MOCATKE
B cyOcTpar oHM JoMarTcs uinu ObicTpo ruOHYT. He romsarcs ans 3enéHoro
YepEeHKOBaHHUs U CIMIIKOM ojpeBecHeBiue noderu (Kmumenko, PyOuosa, 1986;
Cuytxa, 2002). DTO CBA3BIBAIOT C HAIMYUEM B TAKMX YEPEHKAX CKIECPEHXUMHOIO
KOJIbLA, KOTOPOE CIEPKUBAET YKOpPEHEHHE. B TO ke BpeMs, YEPEHKHU, Y KOTOPBIX
TOJIbKO HAaYMHAETCS JIMTHU(PUKALUSA KIETOK, YKOPEHSIOTCS 3HAUUTEIBHO JIy4llle,
KAUTyC M KOPHH Yy HUX TNosBIstoTca Ha 15-20 nHeil padbiie, uem Yy
oapeBecHeBIINX 4YepeHKoB (Mopos, 1985). OppeBecHeBIIME YEPEHKH MOKHO

UCIIOJIb30BATh TOJBKO JIsl MOJUAHTOBBIX U TUIETUCTHIX po3 (Mucko, 1997).

B nacTosimmii MOMEHT HET OJHO3HAYHOTO MHEHHUsI 00 MCHOJb30BaHUM IS
YKOpPEHEHUs YEpeHKOB C JHCThIMU wuiuM 0e3 Hux Her. MccienoBarenu,
IPUACPKUBAIOIIMECS] MHEHUS O HEOOXOJMMOCTH JIMCThEB, CUWUTAIOT, YTO B
Ipoliecce YKOPEHEHUS JIMCTY PACTeHMs MPUHAIJICKUT pemiaronias poib. [lpu
YEPEHKOBAaHUHU PE3KO HAPYIAETCs LEJIOCTHOCTh pacTeHus. [IpepBaHHbIN mpolecce
pocTa IPUBOJUT K MEpecTpOiKe TKaHel cTeOIs YepeHKa, Kak B (PU3HOJIOTHYECKOM,

Tak U B CTpykTypHoM oTHomieHuu (ITommkapmosa, [lumoruna, 1991), npu stom
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JUCT TIOCTaBJs€T YEPEHKY BEIIEeCTBA HSHEPreTUYECKOr0 U TOPMOHAJIBHOTO
xapakTepa. B pesynabTaTe yCBOSHUS IHMOKCHIA YIJIEpOJa Ha CBETY B JIMCTHSIX
oOpa3yroTcs caxapuabl ¢ Jpyrde OpraHWYecKue BEIIeCTBa, KOTOPbHIC
NepeIBUTatoTCs 1o ()JI0dME B HIDKHIOIO YacTh YEPEHKa M 371eCh MCIOJIB3YIOTCS Ha
MUTaHue, POCT U JIeJICHUE KJIETOK. be3 MucTheB (B pe3ysibTaTe MX UCKYCCTBEHHOTO
yAQICHUS WIM TPEKICBPEMEHHOIO OMAJCHUs) YTPAuyUBACTCA CIIOCOOHOCTH
YEPEHKOB 00pa30BBIBaTh KOpPHU. boJbllioe BIMSHWE HA pPETEHEpaInio KOpHEH,
OKa3bIBaeT TaK)Xe, MHTCHCUBHOCTHh (POTOCHMHTE3a B JUCThIX (MupamansH, 1943;
bysunosa, 1953; Overbeek, Gregory, 1945; Iloaukapmnosa, Ilumiorumna, 1991;
Komuccapon 1964).

Jlpyrasg rpymma ydYeHbIX CYUTAET, YTO OOJNBIIOE KOJMYECTBO JIMCTHEB
CIIOCOOCTBYET YCKOPEHHUIO (PU3HOJOTUYECKUX TMPOIECCOB, YTO TIPUBOJUT K
HAKOTUICHWIO B YEPEHKaX BPEIHBIX TMPOAYKTOB OOMEHa W UX OTpPaBICHHUIO.
HekxoTopbie aBTOpPBI PEKOMEHAYIOT Ja)xe oOpe3aTh IO KpasM OYCHb KPYITHBIC
mucths (CymkoB u ap., 1976; Laporte, Arnold, 1988). Kpome Toro, Goibiiioe
KOJIMYECTBO JIUCThEB HAa YEPEHKE CIOCOOCTBYET HCHApEHUI0 3HAYUTEIHLHOTO
KOJIMYECTBA BJIard, YTO BEIET K CHIDKCHHIO BJIAXKHOCTH TKaHEH BCEX OpraHOB
yepeHka (cTeOisi, MOoYeK) W, B JaJbHEHIIEM, K YXYAIICHUIO YKOPEHEHUS

(ITonmukapnosa, [Tumoruna, 1991).

[ToxazaHo, YTO YKOPCHCHHE YEPEHKOB, B3SATHIX M3 CpeAHCH dacTh moodera,
MIPOUCXOJUT JIYUIlle, YeM y BEPXYIICYHBIX WJIU B3AThIX y ocHOBaHms (KinMeHnko
1971; Hemamum wu gp., 2001). Kpome Toro, miasi dYepeHKOBAHUS MOXKHO
WCITOJIB30BaTh CTEOIM W IBETYIIUX, W «CJCHBIX» IOOEroB, TaK KaKk 3TO HE
OTpa)kaeTcsl Ha KOJMYECTBE YKOpEeHUBINUXCs pactenuit (Bredmose, Hansen, 1995).
[Ip 5TOM KOJWYECTBO YKOPCHHBIIHMXCS YCPEHKOB IPH IMPSIMOM HIDKHEM Cpese
YepeHKa HIKE, 4eM TpH KOocoM OGOPMIICHUHM HWKHETO Cpe3a, a HampaBJICHHUE

KOCOI'0 cpe3a OT MOYKHU WM K MOYKE HE BIMSET Ha JAaHHBIM MOKa3aresb (30puHa,

2000).
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OTcyTCcTBYeT €IMHOE MHEHUE 00 ONTHMAJIbHOHN JJIMHE YepeHka. B ogHux
nyOnuKalusax mpeaiaraeTcs HCIoJb30BaTh YEPEeHKH ¢ 3 Mexaoy3iusmu (no 40
cM), B Jpyrux — c¢ 2, pexe ¢ oguuM ysnoM (Ilyxups, 1974; Tanamyesa, 1990).
HekoTopble aBTOpBI CYUTAIOT 11€71€CO00Pa3HbIM MCIOIb30BATh 3€JIEHbIE YEPEHKH C
JIBYMsI MEXI0Y3JIUSMHU, BCICICTBUE CHUKCHHSI COJIEPKaHUs BOJIbI B TKaHIX Oosee
JUIMHHBIX YE€PEHKOB M yMEHbIIeHUs mpoueHTa ykopeHnenusi (MBanosa, ['nmanys,
1986; IlonukapnoBa, Ilmmormna, 1991; Hemamum u np., 2001). Yepenku
CIMIIKOM MaJIoro pasMmepa (2-3cM) MEMJIEHHO YKOPEHSIOTCS, TEXHOJIOTMYECKU

000CcHOBaH 4YepeHoK JuinHou 15-25 cMm ([Tonukapnosa, [Tuntoruna, 1991).

Pereneparimonnas crocoOHOCTh COBPEMEHHBIX COPTOB PO3 HAXOAUTCS B
ONPEAECICHHON 3aBUCMMOCTH OT MPOUCXOKICHUSA UCXOIHBIX BUIOB U COPTOB. Tak
y BUJOB U COPTOB U3 BIAXHBIX CyOTpOmMKOB BoCTOUHON A3uM yKOPEHSIEMOCTbH

BbIIIIE, YeM U3 cTpaH biamkHero Boctoka, rae kimuMmar cyxoi (JlaBpunenko, 2001).

B omeitax E.K. Mopo3 (1987), KJI. CymkoBa u np. (1976), A.T.
JxananoexoBoit 1 H.M. ®unaesoit (1989) Obl10 MOKa3aHO, YTO KOJUYECTBO
YKOPEHUBUINXCSI YEPEHKOB 3aBHCHUT OT TOTO, K KaKOW I'PYIIIE P03 OTHOCHTCS TOT
WM HUHOM copTr. Bce copra MOXHO pasgeauTb Ha  TPU  IPYIIBL
TPYJIHOYKOpPEHSEMbIE, CPeIHEYKOpEHsieMble U Jierkoykopensiembie ([lonukapnona,

[Twmroruna, 1991; Cxanuii, Camornienkos, 2002).

Y COpTOB ¢ HENMPOJOKUTEIHHBIM TMEPHOIOM KOPHEOOpa30BaHUS KaJLTyC,
KaK TPaBWIO, CIa00pa3BUTHIN, a y TPYAHOYKOPEHSEMBIX €ro OypHBIA pPOCT
MPEIIECTBYET TMOSBJICHUIO KOPHEH W MpeKpallaeTcss TOJIbKO € MOSBICHUEM
KkopHeBoit cuctembl (Opso, 1973). CopTa, OTHOCAIIMECH K Pa3IMYHBIM 10
YKOPEHSEMOCTH TpyImnaMm, 00pa3yloT HEOJAMHAKOBOE KOJUYECTBO MPUIATOYHBIX
KOPEIIKOB. Y XYK€ YKOPEHSEMBIX YEPEHKOB, (POpMHpYETCS MEHbIasi M0 Macce
KOpHEBasi CHCTEMA, OHA MMEET MEHBIIMN MPUPOCT MPU NAIbHEHIIEM pPa3BUTHH.

YcTaHOBIIEHO, YTO copTa ¢ 00Jjee HU3KUM IPOLEHTOM YKOPEHEHHsS 00pa3yloT B
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HadaJI€ 1 MCHbIICC KOJIMYCCTBO KOPCIIKOB, YTO 3HAYUTCIbHO YMCHLIIACT CBIPYIO

Maccy kopaeit (Aped, 1994).

Jlns ykopeHeHusI po3 HeOoOXOAUMO OOECHEUUTh BIANCHOCHb 6030YXd B
npenenax 90-100% - Ha MOBEPXHOCTH JIMCTHEB UYEPEHKA [OJDKHA BCE BpEeMs
yaepkuBaThcs IuieHka Boabl (Typerkas, 1961; Tamanyesa, Masukwuii, 1989,
JlaBpunenko, 2001), 4To CBs3aHO C HEOOXOJUMOCTHIO HAXOXIACHHUS 3€JICHBIX
YEepPeHKOB B TEPUOJ YKOPEHEHHS B  COCTOSHMU  Typropa. Bpicokas
MepUCTEMATHYEeCKass aKTUBHOCTh KJIETOK, MX CIOCOOHOCTh K JACJICHHIO, U JIAXKe
pereHepanus Kajuryca ¥ KOpHEH BO3MOXKHBI TOJIBKO MPHU BBICOKOW OOBOAHEHHOCTH

kietok u Tkaneu (Ilomukapnosa, [Tumtoruna, 1991; Ckanmii, Camoienkos, 2002).

JIyist ycrenHoro YyKopeHeHuss Heo0xoauMo cojepkanne B Bo3ayxe CO; 0,2-

0,3% (Mopos, 1987; KpacHosa u ap., 1984; Kapmosa, 2001; JIlaBpunenko, 2000).

Bnaxuocts cybctpara mommkaa Obith 60-70% IITIB (Kapmosa, 2001). Ilpu
YepEeHKOBAaHWU OYEHb BAKHO YUUTHIBAThH MPaBUIbHOE (DOPMHUpPOBAHUE BO3AYIITHOTO
pekrMa TPyHTa, KOTOPBHIM JODKEH O0eCrednBaTh JOCTYIT KHCJIOPOJa K MECTY

oOpa3oBaHus KOpHEBBIX 3a4aTkoB (JlaBpunenko, 2000).

B pexoMeHnanusx, npeasioxkeHHbIX KaHAJACKUMH CIEIUAINCTAaMU, SIIUKH, B
KOTOPBIX YKOPCHSIOT UEPEHKH, TMOKPBIBAIK TOJYNPO3PaYyHbIMUA DKpPaHAMH,
nponyckarommmu 60% cBeTa, KOTOpbIE MO3BOJISUIM MOJACPKUBATH BIIAKHOCTH
muctbeB Ha ypoBHe 80-90%. s cTtabmnm3anuu TeMIiepaTtypbl dyepe3 cyocTpar
npornyckanu kabemb, COCTUHEHHBIH C perynupyeMbiM TepmocTatoMm (Laporte,
Arnold, 1988). Pesymeratel napyroro wuccnemoBanus (Zeroni, Gale, 1987),
CBUCTEIHCTBOBAIM O HelenecooOpa3HOCTH 00OTrpeBa TPyHTa B TEIUTUIAX, TIE

MOJIJIEP>KUBAETCS ONpeIeIICHHAs TeMIIEpaTypa.

Takke  cymiecTByeT  TEXHOJOTHS  YEPEHKOBAHMS B  T'€PMETUYHO

3aKPBIBAIONIUXCA ITOJIUITUIICHOBLIX ITAKETAaX, KOTOPBLIC IMO3BOJIAIOT INOAACPKUBATD
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INOCTOSAHHYIO BBICOKYIO BJIAXKHOCTb BO3AyXa W OTHOCHUTCIBHYIO CTCPHIIBHOCTD

(Hulse, 2005).

MHorue ucciaeaoBared OTMEUalOT JOCTOBEPHBbIE M3MEHEHUS KOJIMYeCcTBa
YKOPEHHUBIIINXCSI YEPEHKOB M CHIPON MAacChl KOPHEW B 3aBUCHMOCTH OT CyOCTpara
(BuktopoBa u ap., 1987; SlkosneBa, 2000; Hemagum u ap., 2001; 3axapuyk,
2003). I'pyHT mis yKOpEeHEHHUs JOJDKCH OBITh XOPOIIO NMPOHHUIIAEM JIJIsi BOABI U
BO3/lyXa, TEINIOEMKHM, OTHOCHUTEIBHO CTEPWIBHBIM, JIOJDKCH  00J1a1aTh
ONTUMAJIbHOW KHUCIOTHOCTBIO, OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIM PEXKUMOM,
IJIOTHOCTBIO, OMNPENETIEHHBIM 3allaCcOM OPTaHWYECKUX BEIIECTB W JIJIEMEHTOB
MUHEpAJIbHOTO TUTaHUSA, YIAOOHBIM B paboTe, IOCTYMHBIM U CPABHUTEIHHO

neméBbiM (Metoaudeckue ykazanus...,1974; BukropoBa u np. , 1987; SkoBnesa,

2000; Bepemeituuk, 2004).

MHorue aBTOpbI OTMEYAIOT BBICOKHM IPOIIEHT YKOPCHEHUS Ha MEPIIHTe
(Hemagum, 2001; 3axapuyk, 2001; Hrer Cuyrxu, 2002; Sxosnesa, 2000).
[ToxazaHo, d9YTo JIy4IIMEe YCIOBUS I (OPMHUPOBAHUS KOPHEBOW CHCTEMBI
CO3/1aI0TCSI MPU YKOPEHEHUHM B MEpiuTe, Ha ATOM cyOcTpaTe Macca KOpPHEBOMU
CUCTEMBbI JIOCTOBEpPHO OoJibllle, YeM Ha Jpyrux (Mecok, MoYBa) cyOcTparax
(Hemanum u ap., 2001). [Ipu wcmosib30BaHUM PA3IUYHBIX CyOCTpaToB (TIECOK,
JIepHOBas 1mo4Ba, Topd, mepaut, necok : nmousa (1:1), mecok : Topd (1:1), mecox :
nepaut (1:1), mousa : Topd (1:1), mousa : mepsnut (1:1), Topd : nepaut (1:1)), Ha
nepauTe chopMupoBagachk 0ojiee MOIIHAS KOpHEBas cCHCTeMa M Oblla OTMEUYeHa
CTO TIPOIICHTHAS MPWKUBACMOCTh. J|OBOJIbHO BBICOKHI MPOIEHT YKOPEHEHUS OBbLT

MOJIy4eH Ha KOMOMHUPOBAHHBIX CyOCTpaTax (Mecok + MouyBa; Mecok + NepiuT;

B npyrux wuccnemoBaHHMSX ITOKa3aHO, YTO JIydIllee COYETAHHE TBEPIIOMH,
KUJIKOM U razoo0pa3zHod (a3, ompenensioniee BOIHO-BO3AYIIHBIM PEXKUM,
OKazaJloch y Topda W BEPMHUKYJIMTAa W B CMECSX paBHBIX dYacTeil Topda ¢

BEPMUKYJIUTOM U TOopda € NEepauToM. OTH CyOCTpaThl XapaKTEpU30BAIUCH
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JIOBOJIBHO BBICOKOH BJIaroeMKOCTBIO U HanOoJiee HU3KUM OOBEMHBIM M yIEIbHBIM
BecoM (CokpatoBa, 1965). B HacTosiiee BpeMs Ipyu YKOPEHEHUH YEPEHKOB PO3 B
IPOM3BOJICTBEHHBIX YCIOBUAX cMech Topda ¢ nepiurom (1:3) u cmech Topda c
neckoM (1:1) monp3yroTCS MOMYISPHOCTBIO, IOCKOJIBKY OHHM O0ECIeYHBAIOT
BBICOKHI 00BbEM BO3AYIIHBIX MOP M 00JIAaeT AOCTATOYHON BOAOYIEP KUBAIOIICH

cnocoonoctrio (Costa, 2003).

@OUTOrOPMOHBI  OKa3bIBAIOT OOJbIIOE BIUSHUE Ha (PU3NOJIIOTUYECKUE
npoiiecchl B pacTteHusiX. CTUMYIATOpaMu pOCTa KOPHEH TOPMOHAIBHON MPUPOIBI
ABJISIETCSl Tpynna ayKCMHOB. IIpM yKOpEHEHMM YEpEeHKOB HCIOJIb3YETCA
uHpomuinykcycHas kuciora (MYK) — ropmMoH w3 rpymibl ayKCMHOB, KOTOPBIN
CTUMYJIUPYET pacTsikeHue KieTok. [lon ee BIMSHHEM MPOUCXOAUT BHITATMBAHUE
crebneit u koneontwied. MYK Bnuser Ha mocTyrieHue BoAbl B KieTky. llpu
BO3JIEUCTBUM 3TOTO TOPMOHA YMEHBIIIAETCA BA3KOCTh LIUTOIUIA3Mbl U M3MEHSETCS
CKOpPOCTb €€ JBW)XEHHWS, YTO BIMAET HAa CKOPOCTh XMMHYeCKMX peakumi. UYK
BIMSICT Ha OHHEPreTMUecKuid OOMEH — TOoYTH B 2 pa3a yBEIMYMBAETCA
WHTEHCUBHOCTh  (POTOCHMHTE3a,  TOBBIIAETCS  MHTEHCHUBHOCTH  JbIXaHUS,
yBenuuuBaeTcsi cuHTe3 AT® B KIETKe, aKTUBHPYIOTCA THIPOJUTUYECKUE
dbepMeHThl (KapOoruapasel, mentuaasbl U 3ctepasbl) (KysHernos, JImutpuena,
2005). YBenuueHne YKOPEHSEMOCTH YEPEHKOB PO3 TOJ[ BIUSHUEM CTUMYISTOPOB
pocta moaTBepkAeHO MHOruMmH uccienoBarensmu (Overbeek, Gregory, 1945;
I'po3znos, 1948; Typenkas, 1949; AneitnukoBa, Muxainos, 1950; Crexun, 1950;
Kosanb, 1953; Van De Pol, Breukelaar, 1982; I'puctok,1984; Rahman et al., 1992;
Hemanum u nip., 2001).

[Ipu 06paboTKe YepeHKOB POCTOBBIMU BEIIECTBAMHU KaJLTyC 0OpasyeTcs Mo
JUINHE YEpEeHKa; BHauyaje IPOUCXOAUT PACTPECKHMBAHUE KOPBHI BJOJb UYEPEHKA,
3aTeM OoOpa3yloTCsl HAIUIBIBBI (KaJTyc) M HauyuHaeTcss pocT KopHeu. Cremyer
3aMETUTh, YTO KaJUIyC y OOpabOTaHHBIX PETYJISTOpAMU pOCTa YEPEHKOB HE

CyOepUHU3HUPYETCS M TMPOUCXOJUT €ro mnocjieayrollee oOpa3oBaHHE U TOCIE
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MOSIBJICHUSI U pocTa KopHeu. [Ipu BBIKOTIKE YKOpEHEHHBIX uepeHKOB Ha 40-45-i
JIEHb TMOCJE€ MOCAJAKM OOHAPYXKWUIM NpPH HAIUYMU KOPHEW CBEXHUE HAaIUIbIBBI
KaJutyca. ABTOpBI MPEAIONaratoT, YTO POCTOBBIE BEHIECTBA COKPALIAIOT NEPUOJ
pu30oreHe3a, Mpu STOM MOOWIM3Ys BCE HOBBIE MapeHXMMHBIE TKaHU modera

(uepenka) (TamanyeBa, Masikuid, 1990).

HccnenoBaTenn yKas3blBalOT pa3UYHbIE ONTHMAaJbHbIE KOHLIEHTPALUU
¢GuTOrOopMOHOB /JIsi 00pabOTKH YEepeHKOB. B cpemHem uis 4epeHKOB pa3inyuHbIX
BUJIOB pacTeHuid pexomenayercs ucnosb3doBath UMK B mozax 20-100 wmr/n

(Kysnemnoga, JImutpuesa, 2005).

Kierounblii COK, BBIACIAIOMIMICS TMpPU CPE3KE YEPEHKOB, SIBIACTCS
OJIArONpUsITHOM Cpeloil A pa3MHOXKEHHS MHKPOOpraHu3moB. Jliasi G0pwrObI ¢
OakTepUaJbHBIMM U TPUOHBIMM HMHQPEKIUSIMH MPOBOIAT MPOPUIAKTHUECKUE
MEpOMNpUATHS, Kak MpaBuiio, oOpabaTbiBasg uepeHkH pacTtBopamu TMT/]
(terpameruntaypamaucyibdun) u KMnOy, HO MpaKkTHKa MOKA3bIBAET, YTO TAKUX
mep Hemoctarouno (TamamyeBa, Masikuii, 1989). K BO3MOXHBIM MeTOmaM
3alIUThl PACTEHUN OTHOCSATCS W OWOJIOTUYECKHE, TaKhe KaK, MHCIIOJIb30BAHHE
OMOJIOTMYECKUX TPENapaToB, OO0JaJAIONIMX AHTATOHUCTUYECKUMH CBOMCTBAMU
(Cook, 1985; Cyxomkas u ap., 1998), rae aHTaroHW3M MOXKET MPOSBISATHCS B
pa3nuuHBIX (popMax: MPOAYIHUPOBAHUU AHTUOMOTHUKOB U JIPYTrUX OHMOIOTHYECKU
AKTUBHBIX  BEILECTB, YrHETAIOUIUX O KU3HEIEATEIbHOCTh  (DUTONATOTEHOB,
KOHKYPEHLIMM 3a TMUTAaTENbHBIM cyOcTpar, mapasuTHU3ME U TUIeplapa3suTU3ME.
BOJBIIMHCTBO AHTArOHUCTOB O00JalalOT HE OJHUM, a HECKOJBbKUMHU THUIIAMHU

anTaronuctryeckor akruBHocTd (Cook, 1985; IImeiris, [Terpuuenko, 1993).

Ha 1mBeTouHBIX KyNIbTypax TMOKa3aHO, YTO YE€M BBIIIE 032 MHUHEPaIbLHOTO
yaoOpeHust u yeM OoJibllie HecOallaHCUPOBAHHBI JTO3bI a30THBIX YAOOpEHUM, TeM
OombIlie MOpakeHHE YEpPEHKOB MMATOTEHHBIMH MUKpoopraHusmamu. Hampumep,

Pa3BUTHC qepHoﬁ THUJIA TPOABIACTCA IIPHU BBICOKOM COACPKAHHMHU a30Ta B IMOYBC
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win npu u3oeiTke ynoopennii (Kamsa, 1969, Stack et al., 1986; Mcgovern et al.,
1985), B TO BpeMs Kak KaJWiTHBIC TOBBINIAIOT UX YCTOWYMBOCTH K 3a00JICBaHUSIM,

BbI3BaHHBIMU rpubamMu u Oaktepusimu (Ckanuii, CamorieHkos, 2002).

OcHoBHas poJib B POPMUPOBAHNN MUHEPATBHOTO COCTaBa PO3 MPUHAICKUT
a30Ty W KaJMIO, IPUYEM OCHOBHAs MX YacCTh JIOKAJIM3YETCA B JIMCTOBOM Macce U
HapacTaIoNNX MOJIOIBIX PA3BETBICHUSIX KOpHEH. Bce ocTaapHbIe 271IEMEHTHI, B TOM
YUCJI€ W MHKPODJIEMEHTHI, TAKXKE TPOSBISIOT TEHICHIIMI0O K HAKOIJICHUIO
MPEUMYIIECTBEHHO B 3TUX opranax (CumopoBud u jap., 1981).

3HaueHUsI ONTHMAIBHOTO COJEpKaHMs a3oTa, (ochopa M Kaims B po3ax,
ClIy’Kallle CBO€OOpPa3HBIM ATAJOHOM JJii CPaBHEHHUS, Y Pa3HbIX aBTOPOB MMEIOT
JIOBOJILHO IIMPOKUHN Auamna3oH kKosiedaHuit (tadm. 7.1), yTo 0OyCIOBICHO PSAOM
npuunH.  Bo-mepBBIX,  cOpTOBas  CHEMU(UUYHOCTH  Marepuajga  UIrpaer
HEMAJIOBRXXHYIO pOJb B TMPOIECCE HAKOIUJICHUS MUTATEIbHBIX BellecTB. Bo-
BTOPBIX, CHOCOO0 TuTaHUs (THAPONOHWKA WM TIOYBEHHAs KYJIbTypa, COCTaB
TpyHTa), BO3pAcT PaCTCHHUS, PACIIOJIOKEHUE JINCThEeB, (heHOTOTHIeCKas (pa3a Takxke
HAKJIQJbIBAIOT OMNPENEICHHBIN OTIEYaTOK Ha XapaKTep YCBOEHUS MUTATEIbHBIX
BEII[ECTB U TMPUBOJAT K CMEIIEHUIO 30HBI ONTUMyMa B Ty WIH JIPYTYI0 CTOPOHY

(CunmopoBuy u ap., 1981).

Ta6muua 7.1. OnTUMAJBHBIA YPOBEHb COJEPKAHMSA 3JIEMEHTOB NUTAHUA B

JIUCTHSAX po3, %

ABTOp, TO11 N P,0s K20
CunopoBud u ap., 1981 1,05-3,02 0,16-0,6 2,32-3,87
JlaBprHEHKO,
KypOunxkuit, 1970 1,56-2,64 0,16-0,64 1,31-1,70
(3aUIUILEHHBINA TPYHT)
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Ryser, 1972 2,19 0,27 2,07
[Tpogomxenue Tadbmuist 7.1
Knoblauch, 1971 3,90-4,60 0,55-0,65 1,85-2,60
Punwkuc, Homnennopd,
3,0-4,2 0,25-0,40 1,8-2,6
1977
Chan, 1958 2,8-3,0 0,28-3,00 2,4-2,6
Carlson, Bergman, 1966 2,32-4,17 0,20-0,34 1,60-2,06
Reid, 1988
3,0-5,0 0,2-0,3 1,8-3,0
(3aLIUILEHHBIN TPYHT)
KpacHoBa u ap., 1984
2,8-3,6 0,65-0,80 2,5-3,0
(3aLIMILEHHBIN TPYHT)
Rupprecht, 1970 2,8-3,0 0,28-0,3 2,4-2,6
Linsk, 1985 3,0 0,2 1,0
I'ykoBa, Cacun, 1987
(TIp¥ MOBBIIIEHHOM 3,5-4,2 0,4-0,45 2,7-3,2
MUHED. MUTAHUH )
JIax, 1994 2,4-3,73 0,22-0,27 1,87-2,95
PexoMenpanum 1o
arpoOTEeXHUKE PO3 U UX
2,7-3,1 HET JaHHBIX HET JaHHBIX
Pa3MHOKEHHUIO B
Terniax, 1984
HccnegoBaHus MM~ OTEYECTBEHHBIX 3apyOEKHBIX  aBTOPOB  OBLIH

YCTAHOBJICHBI OIITUMAJIBHBIC 3HAYCHWA KOHUICHTPALIMN IMUTATCIBbHBIX 3JICMCHTOB U
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UX COOTHOIIIEHHE B TPYHTE VISl PO3, Y PA3HBIX aBTOPOB 3HAYUTENILHO Pa3INyaoTCs
ONTUMAJIbHOE KOJIMYECTBO NHUTATEIBHBIX 3JEMEHTOB B CyOCTpare, YTO MOKET
CBUJIETEIBCTBOBATh KaK O HIMPOTE 30HBI ONTUMyMa, TaK U O HEJIOCTATOUYHOMN
U3YYEeHHOCTH Bompoca. Kpome TOro, ucciemoBareid HCHONb3YIOT pa3inyHbIe
METOJMKHN ISl OINpPENENICHHs] COAEP)KaHUA IUTATEIbHBIX 3JIEMEHTOB B PO3ax
(3KCTparupymollee BEIIECTBO, OObEMHBIM M BECOBOW METOJ B3SITHS HABECOK),
TPYHTBl CHJIBHO OTJIMYAIOTCS 1O COCTaBYy KOMIIOHEHTOB (IIE€PJIUT, TOP(, MECOK,
II0YBa M Jp.), @ TAKKE Pa3IU4arOTCs copTa po3. MHOTHE HCCIIE0BATENN HE UMEIOT
€IMHOTO MHEHHUSI 110 COJEP KAHUIO MUTATENIbHBIX 3JIEMEHTOB JJIsl PO3, ITH JIaHHbBIE

npuBeIeHbI B Tabmuie 7.2.

Tabauna 7.2. OnruMaibHOe CoAepPKaHUe NMUTATEJbHBIX 3JIEMEHTOB B

cyocrpare aist po3, mr/100 r rpyHTa

N P,0s K20
ABTOp, TO11
Rupprecht, 1970 10-30 60-80 80-150
VY nobpenue po3, 1970 50 115 96
JpsikoHoBa, 1974 166 150 51
Kanga, 1969 15-25 30-40 80-150
I'ykoBa, Cacun, 1987 21-26 25-30 42-55
Haenchen, Haenchen, 1972 10-30 57-80 78-150
Carlson, Bergman, 1966 5-10 18-24 45
Noack, 1972 10-30 60-80 85-150
Dasberg, Feigin, 1978 8 H.1* H.1.*
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Mopo3sosa, 1976 15-30 8-10 45-60

® - HCT AAaHHbIX

OcHOBBIBasICb Ha TMPHUBEJCHHBIE BBIINIE JUTEPATYpPHbIE JaHHbIE, ObUIH
3QJI0KEHBI U MPOBeJEHbI 2 BereTalluoHHbIX omnbiTa Nell u Nel2 (cm. I'maBy 2) ¢
CaMbIM TPYJHOYKOPEHSEMBbIM M3 BCEX COPTOB, BBIPAIMBAEMBIX B COBX03€ —
Dynastie Piccard.

YKOpeHeHrne YepeHKOB TMPOBOAWIA B TEPMETHYHO 3aKPBIBAIOITUXCS
MOJMATHIICHOBBIX MakeTax ¢ 3amMkoMm ZIP-LOCK. B stux ycnoBusix pacTeHUs
OKa3bIBAIOTCS 3AIMIIEHHBIMU OT TIONMAJaHus Ha TOBEPXHOCTH JIMCTHEB CIIOP
¢dbuTonaToreHHbIX rpuOOB. Jlake MpU TMOpaKECHUU YEPEHKOB B OJHOM IaKETe,
3a0o0jieBaHUE HE paclpocTpaHsieTcss Ha Jpyrue pacteHus. [lpu Takom crocobe
YKOPEHEHHUSI TaKKe pemraercss MmpodjemMa IMOCTOSHHOTO TMOJIMBA U YBIIAXKHCHUS
JUCTHEB YepeHKOB. [Ipu MCIOIb30BaHUM TaHHOTO METO/Ia YKOPEHEHHSI PO3 MOJIUB
OBLT TPOU3BEACH OJUH pa3. | epMETUYHOCTh MAKETOB MO3BOJISUIA HE MPOU3BOIUTH
JTaTbHEHIIeT0 IMoJMBa B TEUEHHWE Bcero mepuoga ykopeHeHus. CyOcTpar mpu
YKOPEHEHUH HEOO0XOJuM B KAauecTBE OMNOPHI [JIsl 3aKPEIJICHUS pPAaCTeHHI,
oOecrieueHuss OJIATOMPUSITHBIX ~ YCJIOBUM JIJIT  pOCTa, pACIHpPOCTPAaHEHUS U
dbyukimonupoBanus kopHe (Cyxas wu  gap., 2008a). I'pyHT B yCIOBHAX
FEPMETUYHBIX [MAKETOB JOJDKEH 00JaJaTh  XOpOIIeH  BO3QyXOEMKOCTHIO,
BO3/IyXOIPOHUIIAEMOCTbHI0, BOJOYACPKUBAIOLIECH CIIOCOOHOCTHIO, UMETh BBICOKYIO
MOTJIOTUTENIHYIO CIOCOOHOCTb, COCTOSITh U3 TPaHysl OMNPENeIEHHOTO AUAMETPa,

OBITh OTHOCUTENIBHO CTEPUJIbHBIM, UMETh HHU3KYI0 00bEMHYI0 Maccy (I'myHIOB,

1987; Bepemeituuk, 2004).

['maBHBIM mOKa3aTeneM pU30TEHE3a YEPEHKOB SIBISIETCS KOJHUYECTBO
ykopeHuBmuxcsi pacreHui. Ilo pesynbraram ombiToBNell wm  Nel2, »stot
MoKa3arelb ObUT BEICOKUM — B cpeaHeM 90% (Taba. 7.3), B TO BpeMs Kak B COBX03€

VY IbSHOBCKHI YKOpEHEHHEe cOCTaBmiIo MeHee 35%.
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ITocne YKOPCHCHHUSA TAKIKC OIPCACIIAIN TAKHEC ITOKA3aTCJIM KaK KOJIWYCCTBO,

JUTMHA ¥ Macca HOBOOOPA30BaHHBIX KOPHEH Ha YepeHKax po3 (Tadi. 7.3-4).

3HaUYUMOW PpA3HULBI MEXKIY KOJIWYECTBOM YKOPEHUBIIMXCS UYEPEHKOB Ha
KOHTPOJIbHBIX BapuaHTax omneiToB B rpyHTe TIIB u TII ormedeno He Onuto. Ilo
BCEH BUAMMOCTH, 3TO CBA3aHO C HCIIOJIb30BAHUEM JJII YKOPEHEHHUS] T€pPMETUYHO
3aKpBIBAOIINXCS TMAKETOB, B KOTOPBIX CO3/1a€TCA ONTHUMAJIbHASI W IOCTOSTHHAsS
BnaxxHocth rpyHTa (78-80% HB) m Bo3zmyxa (90-100%). Ilpu stom cmocobe
YKOPEHEHUsI PAcTeHUs OKa3blBAlOTCA 3alllMUICHHBIMH OT I[IONAJaHHUs Ha
MOBEPXHOCTh JIUCTHEB CIOP (PUTOMATOTEHHBIX TPUOOB, KOTOPHIE MPUCYTCTBYIOT B
BO3JyXe TeIuubl. Pemaronmm (GpakTopoM AJis yCIEUIHOTO YKOPEHEHUS] YEPEHKOB
CTaJIn OJAarONpPUSITHBIE YCIOBUS OKPY)KAIOIIEH Cpelbl, 4YTO OTMEYEHO MHOTIMMHU
aBTOPAMM, UCCIEAOBABIIMMU IIPOLECC YKOPEHEHHS,
O6pabotka uepenkoB UMK crnocoOcTBOBalla YBEIIMUCHUIO MAacChl KOpHEH
Ha rpynre TIIB, Torma kak Ha BapuaHTax ombiTa Ha rpyHte TII ¢ 06paboTkoii
UMK wu BIl macca kopHeil Obiia MeHblie. Bo3MoxkHO, 3TO CBfI3aHO C
KOHKYPEHTHBIM TIOTPEOJEHUEM MUHEPAIBHBIX 3JEMEHTOB TIPYHTa KyJIbTYpOu
Alcaligenes sp., a Takke aBTOXTOHHOW MHUKPOOHOTOW TPYHTa, Pa3BUTHE KOTOPHIX
ctumyaupyercss WMK, dro cBugeTenbcTBYeT O  HEOOCTATOYHOM (WM
HecOaNaHCUPOBAaHHOM) COJIEpXKAaHUM MUTATENbHBIX 3JeMeHToB B rpyHte TII mo
cpasuenuto ¢ TIIB mgist pusoreneza depeHKoB po3. JleicTBUTENBHO, KakK OBLIO
nokazano B Tabis. 7.5, rpynt TII He obOecreueH B J0OCTaTOYHOM KOJUYECTBE
kammeM. Kpome TOro, B HEM COAEPKUTCA HEAOCTATOYHOE KOJIMYECTBO

JIETKOJIOCTYITHBIX a30TCOJIEPKAITUX BEIECTB.

Tadauuna 7.3. Bausiaue o6padbotok uepenkoB UMK u BIT* Ha ykopeHeHue

YepeHKOB P03 Ha rpyHTE U3 Top(a, arponepnurta u Bepmukyauta (TI1B)

(cpennue manubie o onbitaM Nell u Nel2)
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KomnyecTBo KOJII/I‘ICC}“BO Cripas
YKOPEHUBIITUXCS KOpHEeH Macea
BapuanT YEPEHKOB KOpHEH, T
%
KonTtpoin 95 20 1,17
UYepenkn
84 1,54
ob6pabotansr UMK 22
UYepenkn
38 17 1,19
obpabortans! BI1
Yepenkn
o0paboTaHbI 94 29 1,56
UMK+ BIT
HCPy 5 10 5 0,23

*UMK - unpgonunmacisaas kuciota (0,25%); BI1 - bakrepuanbHbIii mpenapaT (CyCreH3us
Alcaligenes sp. 107 KOE/m)

Ha rpynre TIIB koiM4ecTBO KOPHEN HA YEPEHKAX 3HAYMMO YBEIMYMBAJIOCH
Ha BapuaHTe ¢ uX coBMecTHOW oOpaboTkoit MMK+BII mo cpaBHenuio c
KOHTpPOJIEM, B TO BpEeMsl KaK MCIOJb30BAHME ITHUX MPENApaToB OTIEIbHO HE
BJIMSJIO HA JAHHBIN MOKa3arenb. B To ke Bpemsa Ha rpyHTe TII Takux TeHAEHLIMU

OTMEUYeHO He ObLI0 (Tabu. 7.4).

B nenom, mydmive mokasaTenu YKOPEHEHHUsS YEPEHKOB OBLIM IMOJIyYEHBI Ha

BapuaHrtax ¢ rpyarom TIIB.

Ta6auua 7.4. Biusaue o6padorok yepenkoB UMK u BII Ha ykopenenue

YEPEHKOB Po3 Ha rpyHTe U3 Topda u arponepauta (TII) B ombite Nol12
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KomnyectBo KonnuectBo
YKOPEHUBILIUXCS KOpHEN Coipas Macca
Bapuant KOpHEM, T
YEPEHKOB
%
Kontpoinb 91 26 1,36
Yepenku
obpadotansl BIT + 86 29 1,10
UMK
HCPyq o5 6 4 0,21

OpraHoMuHepanbHbId TPYHT U3 Topda, arponepiura MU BCIYYEHHOIO
BEPMUKYJIUTAa, HAa KOTOPOM OBLIM  3aJ0KEHbl  BErEeTAIIMOHHBIE  OIBITHI,
XapaKTEPU30BaAJICS MOBBILIEHHBIM, O cpaBHEHUIO ¢ rpyHToM TII, conep:xanuem

BOJIOPACTBOPUMBIX (OPM BCEX MAKPOIJIEMEHTOB M OPTaHUYECKOTO BEIECTBA
(Tabu. 7.5).

Tadamnna 7.5. Arpoxumudeckas XapakTepUCTHUKa TPyHTa Mepe/]

YKOPEHEHUEM YEePCHKOB (CpeHue AaHHbIC ONbITOB Nell 1 Nel2)

NO3z P,0s K>O

I'pyHT pH Copr™, %

mr/100 r

TIIB 6,4+0,3 | 50,8+3,9 21,0+5,1 54,2+3,8 | 69,8+7,3

TII 6,9+0,1 | 24,9+21 17,2+0,9 22,2+1,2 | 27,0+2,3

*C opr. — noTepu Mpu NpOKAITUBAHUU

COI[Cp)KaHI/IC IMUTATCIBbHBIX 3JICMCHTOB B I'PYHTC 3HAYUTCIIbHO PA3JIMYaIOCh
B Pa3HbLIC TOAbl MCCICAOBAHHA, YTO CBsA3aHO C HCIIOJIB30BAaHHCM B Cro COCTABC

Topda U3 pa3HbIX MAPTUH U C YCIOBUSAMHU €TI0 XpaHEHHs (pa3IuuHbIe TeMIlepaTypa



227

U BJIQXXHOCTh OKpYKaroled cpenbl). ITO MPUBENIO K CYHIECTBEHHBIM OTIUYHUSIM B

COACPIKAaHNH HUTPATHOI'O U aMMHAYHOI'O a30Ta.

Conepxanne BogopacTBOpuMbIX hopm docdopa u kanmus B rpyHte TIIB Ha
BCEX BapuaHTaX IIOCIE OKOHYAHMUS YKOPEHEHHUS CYHIECTBEHHO CHHU3UIIOCH!
COOTBETCTBEHHO B 2-5 pa3 u B 1,1-2 paza (Tabmn. 7.6), 4T0, BEpOATHO, CBSA3AHO C
copOIMeil 3TUX 3JIEMEHTOB MHHEpATaMH, BXOIAIIUMHU B COCTAaB HCHOJIb3yEeMOIO
cybctpata. Tak, BEepMHUKYIUT 00J1a/1aeT BHICOKOH MOHOOOMEHHOMN CITOCOOHOCTHIO,
MOTJIONIasl TaKWe TOJOXKHUTEIBHO 3apsDKeHHBIE HMOHBI, KaK Kaluuid, aMMOHHMA,
kampuuid, wmarauii (boiiko, 1982). Kpome Toro, B mporecce Bererauuu
NPOUCXOAMIO  TIOTJIONICHWE  MUTATENbHBIX  JJEMEHTOB  Pa3BUBAIOIIMMHUCS

YepeHKaMHU.

Tadauua 7.6. Copep:xkanne BogopacTsopumMbix ¢popm gochopa u Kanus

B rpyHure TIIB 1o u nmocse ykopenenusi, mr/100 r

BapuanTt OmnbiT Nell OmnpiT No12
P,0s K,0 P,0s K,0
Hauano I'pyHT 110 477 73,9 62,4 42,1
OTIBITA YKOPECHEHUS
KonTposnb 9,0 35,2 37,8 34,2
Kouwuerr O6paboTka 13,3 45,4 - -
OIIbITa MK
OO6paboTka 10,1 35,3 - -
bI1
O6paboTka 10,9 33,7 32,8 35,9
MK u BIT
HCPo 05 1,2 2,8 3,5 3,1
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Tenpgenmuss K CcHWXEHUIO cojaepxkaHus (Gochopa K  OKOHUAHHUIO
BETETAIMOHHBIX OIBITOB ObIJIa OTMEUEHA HEKOTOPHIMU aBTOpAaMH. TaK, B OMBITaX,
MIPOBEICHHBIX HA Pa3HBIX THUIAX TOYB M PA3HBIX KYyJIbTypax, MOKA3aHO, YTO K
KOHI[y BETeTallid PACTCHUU TIPOUCXOIUT SIBHOC YMEHBIICHHE COICPKAHUS
MOJIBIKHBIX (pochaTOB B paBHOM CTENEHU KaK B COCYJIaX C PaCTEHUSIMH, TaK U 0e3
Hux (Cymenuna, 2007), 9T0 CBSI3aHO ¢ UMMOOWIN3AITMOHHBIMA OMOXUMUIECKUMU
IPOLIECCAMH.

[To conmepxkanuto dochopa B rpyrte TIIB mocne okoHYaHUS YKOPECHEHHS
cyOcTpaT XapakTepu30BaJiCs KaK HOPMaJIbHO OOECIEUYEHHBIH, a M0 Kajauilo HU3KO
obecnieuennbiit (Metonuueckue ykazanus..., 1986). B To Bpems kak B rpyHte TII
MOCJI€ YKOPEHEHUsI HAOMI0AaId HEJIOCTATOYHOE COJIEp KaHUE Kajusl MPU BBICOKOMU
obecnieueHHocTH pochopom (tadim. 7.7).

B nenom, miis rpynaTta TIIT Obut0 0TMEUeHO CHIKEHWEe KOHIeHTparuii hochopa
u kammga (1,4 u 1,7 pasa, coorBeTcTBeHHO). CTOUT OTMETUTh, YTO YMEHBILICHUE
docdopa B rpynte TII mocie OokOHYaHUSI ONBITA MEHEE 3HAYUTEIBHO, YeM [IJIst
TIIB, 4To, BEpOATHO, CBSA3aHO C €r0 MEHBIICH COpPOIMEH HAMOJIHUTEIS

TopdorpyHra.

Tadauua 7.7. Copep:xkanne BogopacTsopumMbix ¢popm dochopa n kanus

B rpyHte TII 10 u mocye ykopenenust (onbitT Nel2), mr/100 r

P05 K,0
Bapuant
['pyHT 10 yKOpEeHEHHUs 22,2 27.0
['pyHT mocnie yKopeHeHus
Kontpons 16,0 17,7
O6pabotka BIT + UMK 171 15,6

HCP 0,05 3’4 4,2
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B pesynpTare wuccienoBaHWiA TOKa3aHO, YTO YHCIO YKOPEHUBIINXCS
pacTeHWl HE 3aBUCHT OT COCTaBa TPyHTa, pas3IW4yaeTCs JIMIIb Macca
HOBOOOpA30BaHHBIX KOpHEW, mipu coBMecTHOM mpuMmenennn HWMK u
ouomnpenapara. B GosbiiieM koinuecTBe HaOM0AaIM yKopeHeHue Ha rpyHte TIIB,
B KOTOPOM COJIEp)KaHUE OPTaHUIECKOTO BEIIECTBA OBLIIO 00JIE€ BHICOKHUM.

B nanbHelimem, JUIS  TPOBENEHUS BCEX BETCTAIIMOHHBIX  OIBITOB
MIpEeIBApUTEIILHOE YKOPEHEHHE 4YepeHKOB mpoBoawin Ha Topdorpynre TII 6e3
pEeABApUTEIILHON  O0pabOTKH  YEpPEeHKOB TOPMOHAIBHBIM  CPEJACTBOM U

OaKTepHaIbHBIMU MTpenapaTamH.
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BbIBOABI:

1. IlaruxpaTtHas ¢onmrapHas 00padoTKa po3 OJIUH pa3 B JIBE HEJAEIN OOPOM WU
CMECBI0 MHKpO3JeMEHTOB (00p, Meap W IMHK) B JBOMHOW [J03€
OTHOCUTENFHO KOHIIEHTPALMU 3THX DJIEMEHTOB B OOUICHIPHUHITOW CMECU
Xornanaa Ha OCHOBE BH3YaJbHBIX MPHU3HAKOB, YBEIUYUBAET YCTOMUUBOCTD
pacTeHui K MUKpOMHUIETHON HH(pekuuu. OJHAKO, COBMECTHOE BHECEHHE
0opa, MeI1 ¥ LIMHKA MOHMKAET UX KOHIIEHTPALMIO B JINCTOBOM IUIACTUHE, T10
CpPaBHEHUIO ¢ 00Pa0OTKOM paCTeHUI OTACIIHHO KaXKIbIM U3 3THX JIEMEHTOB.

2. OTMeYeHO MOBBIIIEHUE COJIEp)KaHUE IIMHKA B KOPHAX U CTEOJIAX pacTeHHi,
00paboTaHHBIX OOPHOI KHUCIOTOM, A0 2-X pa3 MO CPaBHEHUIO C KOHTPOJIEM.
BepositHo, mpu pgocrarouHoM oOecrieueHUH OOpOM, HJIET aKTUBHBIN
MEeTa0o0JMM3M (PEHOJIBHBIX COEIUHEHUW, B YACTHOCTH, CHHTE3UPYETCS
UHKCOJEp)KAIlasi ~ aMUHOKHCIOTa  TpUOTO(daH, KOTOpas  SIBISIETCS
NPEAIIECTBEHHUKOM WHIOJMIYKCYCHOW KUCJIOTBI, C KOTOPOW CBSI3aH IMHK,
YTO, 3aCTABJISIET KOPEHb «IOATATUBATH) IUHK U3 TPYHTOB.

3. ®onuapHas 006paboTKa pacTeHHI OOPOM, MEIbIO, CyMMONH MHUKPORJIEMEHTOB
U CAJIMIIMIIOBOM KUCIOTOW B CTEOJISIX PO3 MOBBIMIAETCS CYMMa OPraHUYECKUX
kucioT B 3-10 pa3. Ilo teopun Komeca, Takoe yBenudeHHE KUCIOTHOCTH
KJIETOYHOTO COKAa — OJMH M3 MyTell MOJHATHS MacCMBHOIO MMMYHHUTETA
pactenmii. Kak aHTHCTpeccoBOe COeTMHEHHUE, POJIh CAIUIIMIOBON KHCIOTHI
nposiBisieTcsl Hanbosiee 3aMETHO B COCTOSIHMM TEIJIOBOTO IIOKA PacTEHHMA
(Temmnepatypa Bbinie 25° C), IIpU 5TOM MOBBIIIAETCS COAEPIKAHUE OEIKOBOTO
a3ora.

4. ®onuapHoe mpuMeHeHue Oopa, 6€3 BHECEHUS MeIu, B MeIbIe()HUIIMTHBIX
pacTEeHUSAX NPHUBOJUT K YrHETEHUIO AKTUBHOCTH MOJU(EHOIOKCUAA3BI
(pepmenTta npixarenmpHOM 1ienu). [lo »TOM mpuymMHE, HAa BapWAHTAX C
00pa0oTKOM pacTeHU OOpPHOM KHCIOTOM B JBOMHOW /103€ OTHOCHUTEIHLHO
KOHILIEHTpAllud d3TUX OJJIEMEHTOB B oOwenpuHsATo cMecu XoriaHaa,

pacTCHUA HC OAr0T 6YTOHOB, B OTJIMYMC OT BCCX JIPYTUX BapHAHTAX OIIbITA.
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. Ilpu Bereranuu pacTeHHil B yCIOBUAX TEIJIOBOTO IIOKA MIET HAKOIICHHE
MEIH U IUHKA B JIUCTOBOM IJIaCTHHE.

. Boienennsie Oaktepuanbhbie KyasTypbl (Bacillus macerans, 2 mramma
Bacillus circulans, Bacillus sp. + Corynebacterium sp.) u3 TpupoIHBIX
00beKTOB (TI04Ba, MOBEPXHOCTh PEYHOTO TeCKa MU TeCKa a’dpUpyeMbIX
MIECKOJIOBOK), Ha OCHOBE KOTOPBIX CO3[aHbl OaKTepuaibHbIe MpEnaparsl,
00J1a1at0T CUJIMKATHOM, XUTUHA3HON U HUTPOT€HA3HON aKTUBHOCTBIO.

. Hanbonee 3HaumTenbHOE YBEIMUYEHUE COACPXKAHUS BOJOPACTBOPUMBIX
dbopm docdhopa, kamus U KpemHHS B TOpdorpyHTe (TOpd-+IepiauT)
OTMEUaJIM HAa BapuaHTax C JAHATOMUTOM TPU BHECEHWH B HETrO
OakTepuanbHbIX KyinbTyp Bacillus sp. + Corynebacterium sp. u Bacillus
circulans mramm 2, 1o 25 pa3 musa pocdopa, B 10 — 15 pa3 mj1s kaaust U B 5
pa3 s kpemHus. OddexktuBHOCTH MoOWIM3aiuu ¢docdopa, Kaiusi,
KpEMHHUSI B TOPPOTpyHTE NMpPU BHECEHUU B HETO TOJBKO AMATOMUTA, O€3
OuornpenaparoB, ObUIa CYIIECTBEHHO HUXKE: COJIEP KaHHE BOJAOPACTBOPUMBIX
(bopM ITHX 3JIEMEHTOB YBEIMUUIIOCH IPUMEPHO B 2 pasa.

. CoBMecTHOE BHECEHHE B CHUCTEMYy TpYHT-pacTeHUE OHOIpenaparoB u
JTMATOMUTA TOBBIIIAJIO YUCIEHHOCTh OAKTepUil B TPYHTE, BHIPACTAIONINX HA
CUJIMKaTHOM cpene, Ha 3-4 mopsnka u campotrpodoB Ha 1,5 mopsiaka, mo
CPaBHCHHMIO C KOHTPOJIbHBIM BapuaHToM. [lo pesynpTaTtam wucciienoBaHUs
MHUKPOOOIIEHO3a Ta30BOM XpoMaTorpadurei—Macc-CrieKTpoMeTpreH, mepexo
dbocdopa, kanus U KpeMHHsI B TOPGOTPYyHTaX B BOAOPACTBOPUMBIE (OPMBI
IpU BHECEHUH B HUX OMOIpEnapaToB MPOUCXOIMI KaK 3a CUET CTUMYJISIIIH
Pa3MHOXEHHUSI ABTOXTOHHBIX MHUKPOOPTaHU3MOB, KOTOpPBIE CIIOCOOHBI
U3MEHHUTh KUCJIIOTHOCTh Cpeilbl Ha JIokasibHOM ypoBHe (Acetobacterium sp.),
TaK ¥ 3a cueT (HepMEHTATUBHOW aKTUBHOCTH UHTPOAYIIUPYEMBIX OaKTEPHIA.

. Ilpumenenne auaTommuta W OWOIpENapaToB B CHCTEME TPYHT — PpacTCHUE
CIOCOOCTBOBAJIO  COAJIAHCHUPOBAHHOCTM ~MMHEPAIBHOTO TMHUTAaHUS PO3 1O

COOTHOIIIEHHIO OCHOBHBIX IHTaTeNbHBIX 3jIeMeHTOB — N:P:K = 4:1:5, 4ro
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YBEIMYMIIO MacCy KOpHEH Ha oOpaboTaHHBIX BapuaHTax 1o 10 pa3 u BBICOTY
pacteHuii Oosee 4yeM B JBa pasa.

10.ITsatukpatHas donuapHas oO6padoTka po3 OakTepHadbHBIM IIpernapaToM Ha
ocHoBe Oakxtepun Bacillus macerans cumxkaer 4rcICHHOCTh MUKPOMHUIICTOB
Ha pacTeHUH, B TOP(OTrpyHTaX W B BO3AyXE TEIUIUIBL. OTOT 3(DPexT
COXPAHSIICS Yepe3 ACBATh MECSIIEB MOcie 00paboTOK.

11.Meton ykOpeHEHHUs YEPEHKOB P03 B TEPMETHUYHO 3aKPBIBAIOIIMXCS MaKeTax
ZIP-LOCK c¢ wucnonb3oBanueM topdorpynta TII (1:3) obecmneunBan
CIICYIOIINE YCIIOBUs: (hOPMHUPOBAHME BBHICOKOW BiakHOCTH Bo3ayxa (90-
100%) u rpynta (80% I1B) 6e3 mpumMeHeHus CIenuaIbHOTO 000pyA0BaHUS
u 0e3 3aTpaThl JOTOJHUTEIHLHOTO TpPyAa Ha TIOJUB B TEUEHHUE MEpHOa
yKopeHeHusi. B pe3ynpraTe TepMETHUYHOCTH IaKeTa HCKIIOYAeTCs
BHIMBIBAHHE TMHUTATEIBHBIX DJJIEMEHTOB W3 TpPyHTa, 4YTO HE TpeOyeT
JIOTIOTHUTEIIHHBIX TIOJJKOPMOK B TIEPHOJT YKOPEHEHUS U MO3BOJIIET U30ekKaTh
nomajanusl Crop (UTONMATOTEHHBIX MHUKPOOPTAHM3MOB Ha YEPEHOK.
Ykopensiemocth cocrabisieT 84-95 %. I[lonydeH akT BHEIpEHUs STOU
TEXHOJOTHH B COBXO3€ JCKOPATUBHOTO CaJOBOJCTBA «YIJIBSTHOBCKHII,

MOCKOBCKOM 00J1aCTH.
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Pucynoxk I1.1. Onpenenenne 4ucToTh BO3AYyXa 110 OMEIIHCKOMY B TEIUIULIE HA

cpene Yaneka-/lokca.

Bacillus macerans
+ Cladosporium castellani, |
cpena Yaneka-/lokca

Pucynoxk I1.2. Yamka Iletpu co cpenoit Yaneka-Jlokca. buonpenapatr Ha OCHOBE
YUCTOW KynbTypwl Bacillus macerans warubupyer poct rpuba Cladosporium

castellant.
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Bacillus macerans
+ Exophiala sp.,
epeaa Yaneka-/lokca

4 Tu4d

Puc. I1.3. CoBMeCTHBIN OCEB YUCTHIX KYJIBTYp OMOMpPENnapaToB U MaTOr€HHbIX

MHUKPOMHUIIETOB, cpena Yaneka-/{okca.

Pucynok I1. 4. Po3a copta Flash night.
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Pucynok I1.6. UepenkoBaHuE pO3 B 3aKPHIBAIOIINXCS MTAKETAX.
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Ta6J'II/IHa II.1. Cocran JJUIIUAHBIX KOMIIOHEHT C OTHECCHUEM K MUKPOOPraHu3Mam,

y KOTOPBIX OHM HauboJiee 4acTo BCTpEYaroTcs

BCHICCTB& IMPUBCACHLI B IOPAAKE BO3pACTaHHA 4YHCJIa aTOMOB YIJICpOJa B

HeNM  MOJIEKYJbI, YTO COOTBETCTBYET XpOMAaTOrpauueckoMy BpEMEHHU

YACPKUBAHUS
Ne Ooo3Ha4YeHue HazBanue Mukpoopranusmbl
1 C10 JIEKaHOBast p. Streptococcus
2. iC10 M307IeKaHOBas
3 i1 p. Xanthomonas
4, C12.0 JIaypPUHOBAs GOILIIMHCTEO BHIIOB
MMKPOOPraHI3MOB, ). Arcobacter
5. Cl2:1 JIo7ICIICHOBAs p. Rhodobagter
6. iC12 H30JIayPHHOBAST
7. iC13 M30TPHUJICKAHOBAS , pp. Bacteroides, Butyrivibrio, Riemerella,
Xanth. maltophilia, Bacillus subtilis
8. al3 AHTEM30TPHIEKAHOBAS Bacillus cereus
9. 13:0 TPUJICKAHOBASI
. pp. Actinomyces, Bacillus, Bacteroides,
10 14 HBOMHPHCTHHOBAA Legionella, Kurthia, Peptostreptococcus
anaerobicus
11. 14:1A9 9,10- TeTpaneneHoBast pp. Sphaerotilus, Clostridium, Streptococcus
pneumoniae
12. 14:1A11 11,12-rerpanerneHoBast roMOoalCTATHEIC GaKTepii1
, pp. Lactobacillus, Helicobacter,Campylobacter,
13 140 MUpH oBai Streptococcus, Gilardy, Clostridium
14. 2Mel4 Mycobacterium gordonae-2-12%
15. i15:1 H30IIEHTAIEIICHOBAS pp. Desulfovibrio, Flavobacterium
16. 15:1A9 9,10-nenTaneneHoBast pp. Halobacteroides, Haloincola, Cytophaga -7,4
%, Stigmatella -3,5 %, Selenomonas-7-13 %,
Desulfotomaculum, CI. putrefaciens, Cl.
sporogenes, Cl. propionicum, Bacteroides
hypermegas
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17. 115 W30IIEHTaICKaHOBAs MHOTME BUIBI MHKpoopraHmmoB p.Riemerella,
) Flavobacterium breve
DF3-like
18. als aHTEU30IICHTAICKaHOBAs MHOIME€ BBl MUKPOOPraHU3MOB
19 15 cyc UKJIOIICHTAICKAHOBAA
20 15:0 IICHTaACKAHOBAs. OOJIBIIMHCTBO BHJI0B MHUKPOOPraHn3MOB,
' ' MHHOPHBII KOMIIOHEHT
pp. Desulfobulbus, Cytophaga-16 %,
Selenomonas-28 %, Cl. sporogenes, Bacteroides
succinogenes, Bact. ruminicola -25-30 %
21. 15:1A11 11,12-nlenTaiexkanoBas
22. i16:1 H30reKCcaIelieHOBas .
p. Desulfovibrio
Mertanoresst, p. Deinococcus,
23 16:1A7 7 8-reKcaieLeHoBas Desulfotomaculum acetoxidans,
Caulobacter vibrioides
24, 16:1A9 9,10-rekcaerieHoBast OOIBLIMHCTBO BHZIOB
MHKPOOPraHU3MOB
pp. Bdellovibrio, Vibrio, Fusobacterium,
Nocardia,
25. 16:1A11 11,12-rexcanenerosas Bacteroides amylophilus
pp. Actinomyces, Nocardiopsis,
2. 16:0 S oBas Bacteroides, Micromonaospora,
Brevibacterium, Corynebacterium rp. betae,
Curtobacterium, Oerskovia, Cellulomonas,
Arthrobacter simplex
27. 10Mel6 10-MeTrIT-TeKcaIeKaHoBas p. Desulfobacter
28 16:0 MATBMHTHHOBS OOIMLIIMHCTEO BHI08
MHKPOOPTraHU3MOB
29. i17:1 H30IIEHTAIEIICHOBAS pp. Desulfovibrio, Flavobacterium,
Desulfohalobium redbaense
pp. Nocardiopsis, Clostridium, Candida albicans
30 171 relITaeLeHOBaAs Moraxella, Acetobacter putrefacience,
' ' METaHOTEHEI
3L i17:0 M30TeITaIeKaHOBast pp- Butyrivibrio, Bacillus,
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Propionibacterium, Prevotella

pp.Corynebacterium, Bacteroides,
Nocardiopsis,Actinomyces, Nocardia,

32. alz.o AHTEH30TeITTaICKaHOBAs .
Micromonospora
cem. Enterobacteriaceae,
33. 17cyc LIMKJIOT CIITa/ICKAHOBAS
pp. Pseudomonas, Desulfobacter, Caulobacter,
Pipikettii, Alcaligenes
34. 17:0 re CKAHOBAS OOJIBILIMHCTBO BHﬂ?B MUKPOOPraHnu3MoB,
MUHOPHBIM KOMIIOHCHT
35. 17chex O-TUKIIOTEKCHIT-YHICKAHOBAST p- Sulfobacillus,
Bacillus acidocaldarius
36. al7l aHTEN30TeNTAACLIEHOBAS p. Desulfotomaculum, Desulfovibrio
37. 184 OKTaJICKaTeTPAacHOBasI HEKOTOPbIC TPUOBI M IPOMOKH
38. 18:3 JIAHOJICHOBAS TPHOBI U IPOXOKU
39. 18:2 JIMHOJICBAs TPHOBL, IPOMOKH, TIPOCTEHIIIHIE
40. 18:1A9 OJICUHOBAA BCE OPraHU3MBbI
cem. Enterobacteriaceae, pp.Nitrobacter,
Bdellovibrio, Penicillum, Succinivibrio,
Campylobacter, Fusobactrium, Pseudomonas;
41, 18:1A11 LMC-BaKIICHOBAs Brucella, Achromobacter, Methylobacterium,
Caulobacter, Arcobacter, Suttonella, Eikenella,
Balneatrix, Bastonella, Bacteroides amilophilus,
CYITh(paTBOCCTAHARIMBAIOIITHC OAKTEPHH
42. 180 CTEapHHOBAs BCE OPraHN3MBbI
pp. Peptostreptococcus, Bifidobacterium,
: Nocardiopsis, Bacillus subtilis, Desulfovibrio
43. 118 P -
1ROOKTa/IeKAHoBaA thermophilus, Sulfobacillus
thermosulfidooxidans, Clostridium difficile
p. Mycobacterium, Nocardia; Corynebacterium
44, 10Me18 10-meTm-oKTaieKaHOBast bovis,
(TybepiyrnocTeaputobas) C.1p. xerosis, C.urealyticum,aKTHHOMHMIIETEI
45, 18:1A7 7,8-oKTaneneHoBas TPUOBI, SYKapHOTHI
46. o119 LMKJIOTEKCIITPUIACKAHOBAS
47 br. 191 p. Achromobacter
48, 19cyc OHOHA/IEKAHOBAS] pp. Lactobacillus, Enterococcus, Pseudomonas,

Brucella, Campylobacter, Caulobacter,

cem. Enterobacteriaceae, Helicobacter pylori, H.
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mustelae,

Pediococcus cerevisiae-40%

Bacillus subtilis, Bacteroides hypermegas

49, i19 WM30HOHAJICKAaHOBAS
50. al9 AHTEM30HOHA/ICKAHOBAs pp. Staphylococcus,
Caulobacter, Peptostreptococcus
51 19:0 HOHAICKAHOBASL pp. Nitrobacter, Bacillus, Serratia; Pseudomonas
' ' e cepacia

52. i19:1 pp. Achromobacter,

Afipia (kowauvbu yapanumst)
53. 19 chex O-LIMKIIOTEeKCHII-TPUIEKAHOBAs p- Sulfobacillus,

Bacillus acidocaldarius
54, 20:4 APaxUJIOHOBAS HpOC’I‘ef/’IH.[I/Ie, KJICTKH 3YKapuoT
55 201 SHKOSCHOBASL Propionibacterium jensenii,
Actinomyces rp. bovis, Streptococcus
thermophilus, St. salivarius,
St. mutans
56. 20:0 SHMKO3aHOBAs Actinomyces rp. bovis
57. Konpocranon XOJIECTaHOI p. Eubacterium
58. 21.0 OereHoBast p. Francisella
59. 22:6 JIOKO3areKCeHOBas TPUOBI, SYKapHOTBI
60. 22:0 JIOKO3aHOBast p. Francisella
61. 240 TETPaK03aHOBAs p. Francisella, Mycobacterium
62. 26:0 TeKCaK03aHOBas p. Mycobacterium
OKCHKUCJIOTHI ©
pp. Chryseomonas, Flavimonas, Thiobacillus,
63 hi0 OKCHICKAHOBA Leptothrix, Balmatrix, Zoogloea, Bordetella
pertussis, B. lommamonas, Pseudomonas
syringae, P. alcaligenes
64. 2h10 2-OKCHICKAHOBAST p. Pseudomonas
. CYIbPAMEOCCMAHABTUBAIOUILUEC OAKIMEDUL,

65. hill OKCHH30YH/IEKAaHOBAs Xanthomonas maltophilia
66. 2hi1l 2-OKCHHM30YH/ICKaHOBast Xanthomonas maltophilia
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cybghameoccmanaanuarouue baxmepuu

67. h11 OKCHYHJICKaHOBast
68 h12:1 OKCHIONCLEHORAS pp. Halobacteroides, Haloincola, Pseudomonas
' ' IOAEH aeruginosa
69 h12 S ——— p. Acinetobacter, Pseudomonas, Beggiatoa,
' P Vibrio; Neisseria,
N. gonorrhoeae, Moraxella, Arcobacter,
Eikenella, Suttonella, Kingella, Simonsiella
crassa
70. 2h12 2-OKCHJIaypHUHOBAs Pseudomonas putida, P.aeruginosa,
pp. Acinetobacter, Alcaligenes, Bordetella
71 hil3 OKCHH30TPHIEKAHOBAS Xanthomonas maltophilia
7 h13 oKe cKAHOBAS p. Selenomonas; Escherichia coli, Bacteroides
' 1 hypermegas
73. hil4:1 OKCHH30TETpaIEIIEHOBAs
74. h14:1 OKCHTETPAICIICHOBAS
75. hil4 OKCHH30MHPHCTHHOBAS
pp. Bordetella, Alcaligenes, Fusobacteriun,
6. hi4 OKCHMHPH! oBat Achromobacter, Haemophilus, Vibrio,
Wolinella,Campylobacter, Pertussis
Pseudomonas cepacia
7. 2h14 2-OKCUMMPHCTHHOBAS pp. Klebsiella (h14, A17, 19), Bordetella (pynn
1,1vc2)
78. 2hil4 2-OKCHUH30MHPHCTHHOBAS
79. 2,3hil4 2,3-1moKcH- p. Legionella
H30TETpaACKaHOBasA
80 hi5 OKCHIICHTAIeKAHOBAs! Bacteroides ruminicola
81. 2h15 2-OKCHIICHTA/IEKAHOBAs
82. hil5 OKCHM30IICHTA/ICKaHOBAs pp. Flavobacterium, Capnocytophaga;
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Bacteroides melaninogenicus

pp. Flavobacterium, Flexibacter

83. 2hil5 2-OKCHM30TIEHTAIEKAHOBAs
84. hal5 OKCHAHTEH30IICHTa- Bacteroides ruminicola
JECKaHOBAast
pp. Erwinia, Brucella, Bacteroides, Wolinella,
Cytophaga, Flexibacter, Fusobacterium,
Bordetella; Pseudomonas cepacia, P.
pseudomallei, Campylobacter fetus, C. sputorum,
C. fecalis, metmnorpodHsie u
8b5. h16 OKCHITaJIbMHTHHOBAS
rmanobaktepun (P. Methylomonas)
86. h16:1 OKCHTEKCaICIEHOBAs
} p. Flexibacter; Alcaligenes, Pseudomonas
8r. 2n16 2-OKCHNIQILMITHHOBA cepacia, P. puckettii (2n16:1), knerkn
SMUTENNSL,CIEPMUN U IPYTHE 3yKapUOTUUECKUE
KJICTKN
88. hil6 OKCHM30TATbMATHHOBAS
89. 2hil6 2-OKCHM30ITAIBMUTHHOBAS Streptosporangium
90. hil7 OKCHH30TEITaIeKaHOBasT pp. Bacteroides, Flavobacterium, Cytophaga,
Flexibacter, Riemerella
91 2hil7 2-OKCHH30TEITaIeKaHOBasT p. Flexibacter
92. h17 OKCHUI'eITacKaHOBAasI Bacteroides ruminicola,
B. thetaiotaomicron
93. hal7 OKCHAHTEH30T eIITa- Bacteroides ruminicola
JECKaHOBAast
9. 10h18:1 10-oxcroKTaeieHOBAs Clostridium perfringens
95. h18 OKCHCTEapHHOBAS pp. Francisella (F. philomiragia), Brucella,
Achromobacter, Helicobacter pylori
96. 2h18 2-OKCHCTEapUHOBAs 9YKapHOTHI (CHUHTOJIUITH])
97. 10h18 10- okcucTeapruHOBast Clostridium perfringens
98. hil8 OKCHH300KTAIEKAHOBAs p. Aquaspirillum
99. h20 OKCHPHKO3aHOBAs Chlamydia trachomatis
100. hi20 OKCHH309HMK03aHOBAsT Chlamydia trachomatis, Legionella
101. 2h20 2-OKCHBHKO3aHOBAS KJIETKU SYKapUOTOB
102. h22 3-OKCHJIOKO3aHHOBAsT Chlamydia trachomatis
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103. 2h22 2-OKCHJIOKO3aHOBAS KJIETKU SYKapUOTOB
104. 2h24 2-OKCHUTETPaKO3aHOBASL KJICTKH SYKapHOTOB
105. 2h26 2-OKCHTEKCaK03aHOBAs KJISTKH SYKapHUOTOB
CrmpThr:
106. 16alc N-NaJIbMUTHHOBBIN p. Moraxella
107. 18alc, 2-OH creapuHOBBIi, 2-OH p. Mycobacterium MAIS,
n18 - Mopaxella
108. 20alc N-3AKO3UITOBBI
109. 2h20alc 2-OKCHPHKO3MIOBBIH p. Mycobacteria
110. 22alc N-I0KO3WIOBBINA
111. 2h22alc 2-OKCHIIOKO3HITOBBIIA Mycobacterium xenopii
Anberump! :
112. 12a JIAYPHHOBBIH p. Butyrivibrio
113. 13a TPHUACKAHOBBII p. Butyrivibrio, Selenomonas
114. il4a HM30MMPHCTHHOBBIN pp. Bifidobacterium, Butirivibrio
115. 14:1A9% 9,11-teTpanerieHOBbIH p. Butyrivibrio,
Clostridium fimetarum
116. 14:1A11a 11,12-TerpanerieHOBbII p. Butyrivibrio,
Clostridium fimetarum
117. 14a TETPaICKaHOBBIN pp- Butyrivibrio, Bifidobacterium, Spirochaeta,
Clostridium fimetarum
118. i15a M30TIEHTA/ICKAHOBBIN pp- Butyrivibrio, Lactobacillus (rumen),
Propionibacterium
119. al5a AHTEH30IEHTAICKAHOBBIH p. Butyrivibrio
120. 15:1a TIEHTA/IEIICHOBBII p. Butyrivibrio
121. 15a TICHTA/ICKAHOBBIH p. Butyrivibrio
122. 16:1A9a 9,10-rekcanerieHoBas p. Butyrivibrio, Selenomonas, Lactobacillus,
Moabiluncus, Clostridium bejerinckii
123. 16:1A11a 11,12- rexcanerneHOBbII Clostridium fimetarum
124, 16a TaTEBMATHHOBBIHA Clostridium bejerinckii, C. fallax,

pp. Lachnospira, Butyrivibrio, Lactobacillus
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125. il17a M30reITaIcKaHOBbIN Clostridium thermocellum
126. al7a AHTEH30I CIITa/ICKAHOBBIH
127. 17cyca IMKJIOTEITTAIEKAHOBBIH Clostridium bejerinckii
128. 17a TeNTaICKaHOBbIN Lactobacillus (rumen)
129. i18a M30CTEAPHUHOBBII pp. Lachnospira, Butyrivibrio, Bifidobacterium,
Selenomonas, Mobiluncus, Clostridium
butiricum
130. 18:1a OKTaJIEIICHOBBII p. Clostridium
131. 18a CTCapUHOBBIN Clostridium thermocellum
132. al6a AHTEH30MATBMATHHOBBII Clostridiun acetobutilicum,
ClI. butiricum
133. 19cyca LMKJIOHOHAICKAHOBBII p. Lactobacillus
134. 19a HOHAJICKaHOBBI Clostridium tyrobutiricum
135. 17:1a TenTafeIICHOBEII

Tabnuua I[1.2. CocTaB ¥ KOJIUYECTBO KUPHBIX KUCIOT IITAMMOB YUCTBIX KYJIBTYP

MUKPOOPTaHU3MOB, UCTIOJIb3yEMbIX B KaUeCTBE OMOIpEnapaToB

O6oillzaqu Kuenota Kan:)LTypa K;J;szy K;J;I%Ty KYHZTypa
114 M30-TETPaeKaHOBAs 1,04 0,63 0,32 0,56
14 TeTpaJeKaHOBas 0,41 0,13 0,16 0,09
i15 HeHTa;I:I(();lHOBaH 2094 | 16,39 | 1898 0,47
al5 HeHj:;:f{‘zE;Baﬂ 36,70 | 47,86 | 4430 | 44,27
15 IIEHTAAEKAHOBAS 3,99 0,15 0,27
116:1 M30-TeKCaeIlEHOBAs 0,65 0,39 0,37

116 M30-TeKCcaleKaHOBas 2,92 4,02 2,08 20,26
16:1 7-rexkcazelieHoBast 2,18 0,35 0,68

16 reKcajaeKaHoBas 5,37 2,24 2,71 1,39
117:1 W30-TeITageeHoBas 2,28 0,66 1,16
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al7:1 AHTEH307 2,50 1,43 2,38
rernTaaereHoBast
117 M30-TelTagcKaHoBas 7,64 5,59 6,45 0,18
al7 AHTCHSOTCIITANCKAR | 11 7 18,68 | 18,84 32,51
oBasd
17 rernrajacKaHoBas 0,74
18:1d9 9-okTagereHoBas 0,19 0,69 0,86
18 OKTaJIEKaHOBas 1,05 0,44 0,40
3hit7 | STMAPOKCH-M30- 0,14 009 | 0,07
renTajaeKaHoBas
3-TUJIPOKCH-
3hal7 AHTEU30- 0,25 0,26 0,24
renTajaeKaHoBas

Tabmuna I1.3. CoctaB uCHONB3yEMBIX TUTATEIBHBIX CPE ISl KyTbTUBUPOBAHUS

BBIICJICHHBIX MUKPOOPIraHU3MOB!:

[MuTaTenbHas cpena Asl KyJIbTUBUPOBAHUS CHIIMKATHBIX OaKTepuid

(Hetpycos, 2005)

KommonenT Coneprxanue, /11
1. Kpaxman 20,0
2. Hedenun 1,0
3. KapOoHat kanbius 2,0
4. Oprodocdar Kambus 1,5
5. CynbdaTt Maruusi CEMUBOIHBIN 0,15
6. Xiopua HaTpUs 0,15
7. Cynndart maprania 0,05
8. Cynbdar xenesa 0,05
9. Arap 15,0
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[Muratensusbiit arap (Nutrient Agar, Himedia, Muaus)

Komnonent Copepxanue, /1
1. I[lenton 2,0
2. Xuyiopua HATpUs 1,0
3. MsicHO# SKCTpaKT 30,0
4. JIpoxKeBOM IKCTPAKT 0,5
5. Arap 15,0
pH 7,4+0,2

Cpeny cTepriiM30Baiv aBTOKJIABUPOBaHUEM 15 MUHYT nipu 1 aTm.

Cpena Yaneka-/lokca (Czapek Dox Agar, Himedia, Uuaus)

Kommnoneunr Conepxanue, /1
1. Hutpat Hatpus 2,0
2. ®ocdart HaTpus 1,0
3. Caxapo3sa 30,0
4. Cynbdat Maruus 0,5
5. Xnopua HaTpust 0,5
6. Cynbdar xenesa 0,01
7. Arap 15,0

pH 7,310,2

Cpeny crepuinn3oBaid aBTOKJIABUPOBaHUEM 15 MuHyT npu 1 atm.
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Cpena mis azotdukcaropoB Azotobacter Agar (Mannitol),

(Himedia, Maawst)

KomrmoneHT Coneprxanue, /11
1. Kamus ruapodocdar 1,0

2. Maruus cynbdar 0,20

3. Hatpus xnopun 0,20

4. Kenesa cynasdar CIIEIbI

5. DKCTPAKT MOYBBI 50

6. Ma"HuT 20,00

7. Arap-arap 15,00

pH 8,3+0,2

Cpeny crepuian3oBaid aBTOKIaBUpOBaHUEM 15 MuHyT npu 1 atM.

Cocrasn Cp€abl C XUTUHOM IJIA IIPOBCPKHU XUTUHA3HOM aKTUBHOCTH

(JIorunos, 2005)

Komnonent Copepxanue, /71 AUCTUIUIMPOBAHHOMN BOJIBI
1. Xutun 50

2. JIposxoKeBOM AKCTPAKT 0,5

3. (NH4)2S04 1,0

4. MgSQO4x7H,0 0,3

5. KH2PO, 1,36

6. Arap-arap 15,0




Posa, obpaboTaHHas
CanMUMNOBON 1
6OpPHOM KUCNOTONH

Posa,0bpaboTtaHHas
canuumunosoi
KUCNOTOMA

Pucynox I1. 7. Paznuunble BapuanThl poauapHoii 00pabOTKH po3 B

BCTCTAIMOHHOM OIIBITC.
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Pucynok I1.8. PactBopenne mena kyibTypoii Bacillus sp. + Corynebacterium sp.
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