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BEPOATHBIA MEXAHU3M BITUSHNA TYMUHOBGIX BELLECTS

HA MPOLYKUNOHHbIN NPOLECE

A.U. ITonos!, B.H. 3BEAEHKOB??,
T.B. TEnAsskoBA®, M.B. MAPKOB®
"CAHKT-TIETEPBYPTCKUH
TOCYAAPCTBEHHBI YHUBEPCUTET
2BCEPOCCHUUCKHM HAYYHO-
MCCAEAOBATEABCKHUM MHCTUTYT
OBOIIEBOACTBA — dUAUAA PTBHY
«DPEAEPAABHBIM HAYYHBIM LIEHTP
OBOIIEBOACTBA »

SOI'BHY BCEPOCCHHMCKHUIM HAYYHO-
MCCAEAOBATEABCKHUHM UHCTHUTYT AEKAP-
CTBEHHBIX U APOMATUYECKHUX PACTEHUM
‘“TOCYAAPCTBEHHBIM HAYYHBIM LIEHTP BHU-
PYCOAOTUH M BUOTEXHOAOTHUH «BEKTOP>»
>MOCKOBCKHUM NMEAATOTHYECKH I
TOCYAAPCTBEHHBI YHUBEPCUTET

T'ymuHOBbIE BELLECTBA, ABAAACD, MO CYTH YEPHBIM LIEAOKOM
(POAYKT 1IICAOYHOTO THAPOAM3A OPTaHHYECKOTO BEleCTBa
NPHPOAHBIX 06BEKTOB) H PEACTABASIOT COBOI CAOKHYIO CMeCh
PA3AHYHBIX OPraHMYECKHX COoeAnHeHHi. OHH COCOGHBI YCKO-
PATb LUMPKYASLIMIO ITHTATEAbHbIX BELIECTB BHYTPH PacTEHMii,
YBEAMUHBATD MIPOHULIAEMOCTD KACTOYHBIX MEMOPaH, IPOSBAATD
ACTOKCHMKOAOTHYECKHE CBOHMCTBA, ONTHMHU3HPOBATh B PaCTEHH-
AX COOTHOIIEHHE OPraHMYECKUX U MHHEPAABHBIX aHHOHOB, HC-
MOAb30BATh HEKOTOPbIE OPTaHUYECKHE KOMIOHEHTbl T'YMHHO-
BbIX BELLLECTB, KAK HYTPUEHTDHI B MUTAHUM PACTEHHH U BbI3bIBATh
MHAYKUHIO SKCTIPECCHH IE€HOB.

KAXOYEBBIE CAOBA: 2YMUHOBbIE BEU4ECTNBA, “HEPHBIL U4EAOK,
U4eN04HOU 2U0POAU3, 3EACHBIE PACTIEHUS, NPOYUECC PACTNEHIE800-
cMea, KOALOUOHbIE CUCTIEMbI NPUPOOHBLIX NOAUMEPOS, Op2aH0-
MUHEPANLHBIE COCOUHCHUS, OP2AHUHECKUE NUMATIEAbHVIE BeUse-
cmeéa pacmenuit

BBENERNE

Anst apdekTHBHOIO peieHns npobAeM, CBI3aHHBIX
C YCTOHYMBBIM TIOAYYCHHCM YPOXKAMHOCTH CEABCKO-
XO3SIICTBCHHBIX KYABTYP, HCOOXOAMMO BOCCTAHOBHTH
3BCHbA  QYHKIMOHHUPOBAHUS TPOPUYECKON CHCTEMBI
I104BA-PACTCHIE, KOTOPBIC OBIAN yTPAYCHBI IPU CCABCKO-
XO3SIACTBCHHOM MCTOAb3oBanuH Teppuropun. Ocobyio

© 2023, A.. Ilonos, B.H. 3eaenkos, T.B. Tenasxosa,
M.B. Mapkos
[Mocrynuaa B peaaknuio 10.08.2023

BECTHNK POCCHMCKOR AKALEMUN ECTECTBERHOI HAYVK

JENEHBIX PACTERII

Original article

PROBABLE MECHANISM OF INFLUENCE
OF HUMIC SUBSTANCES ON THE
PRODUCTION PROCESS OF GREEN
PLANTS

A.L. Porov!, V.N. ZELENKOV?3,

T.V. TEPLYAKOVA‘, M.V. MARKOV®
I'SAINT PETERSBURG STATE UNIVERSITY
2ALL-RUSSIAN SCIENTIFIC RESEARCH
INSTITUTE OF VEGETABLE GROWING —

THE BRANCH OF FSBSI, FEDERAL SCIENTIFIC
CENTER OF VEGETABLE GROWING
3ALL-RUSSIAN RESEARCH INSTITUTE OF
MEDICINAL AND AROMATIC PLANTS

*STATE RESEARCH CENTER OF VIROLOGY
AND BIOTECHNOLOGY “VECTOR”

"Moscow STATE PEDAGOGICAL UNIVERSITY

Humic substances, being, in fact, black liquor (a product of al-
kaline hydrolysis of organic matter of natural objects) and are a
complex mixture of various organic compounds. They are able
to accelerate the circulation of nutrients within plants, increase
the permeability of cell membranes, exhibit detoxological prop-
erties, optimize the ratio of organic and mineral anions in plants,
use some organic components of humic substances as nutrients
in plant nutrition and induce the induction of gene expression.
KEYWORDS: humic substances, black liquor, alkaline hydrolysis,
green plants, plant production process, colloidal systems of natural
polymers, organo-mineral compounds, plant organic

OCTPOTY AAHHOC HANPABACHHIE NIPHOOPETACT B YCAOBHSIX
CHABHOTO QHTPOIOTEHHOTO NPECCa HA ArPOIKOCHCTEMbI
[11,12, 24, 33]. DpdexrHBHbIC M IKOHOMUUECKH ONpPaB-
AQHHBIC BO3ACHCTBHS HA IIPOAYKIIMOHHbIH MPOLIECC 3eAC-
HBIX COCYAHCTBIX PACTCHHI1 OKa3bIBAIOT, TAK HA3BIBACMBIC,
rymunosbie emecrsa (I'B) [8, 15, 24, 31, 43, 44, 57, 67,
73]. Yame seero I'B BHIACASIOTCS N3 PA3AMYHBIX IPUPOA-
HBIX 06BEKTOB (1104B, KOMIIOCTOB, GypBIX yracit, TOpGOB 1
MPOY.) € NOMOIIBIO BOAHBIX HICAOYHBIX MAH HEHITPAABHBIX
PACTBOPOB COACIH, @ TAK/KE KOMOMHALIIN BOAHBIX PaCTBO-
poB meaoueii u nupodocara Harpus [1.2,7.14,21,56;

102313
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68,77, 80]. o muenmio M.H.B. Hayes [58], a0 cux nop
HC HAIACHO YAOBACTBOPHTEABHOI CHCTEMbI PACTBOPHTC-
Acit, KoTopast Gbiaa 6b1 cHOCOGH M3BACKATD BCE BELECTBA
TYMHHOBOI1 NIPHPOABI (CCAM, KOHEYHO, TAKOBBIC MpH-
CYTCTBYIOT B NPHPOAHBIX 00beKTax), copbupoBanHbIC
Heopranuieckumu  Koasoupamu. CymiecTsyer MHEHHE
[63, 64,70, uto BBIACACHNE, TAK HA3BIBACMBIX I'YMHHOBBIX
BCICCTB, AIOOBIMH BOAHBIMH LICAOYHBIMH PACTBOPAMH
HX TOCACAYIOIICe pPAKIHOHMPOBAHNIC HC SBAACTCSA Npa-
BHABHBIM, 10CKOABKY BMecTe ¢ I'B B xuakyio dpasy nepe-
XOAST M HETyMUHOBBIC BEIIECTBA, TAKC KAK KOMIIOHCHTBI
JKMBBIX OPraHU3MOB M MX MOCTMOPTAABHBIX OCTATKOB, 4
TAKXKE TPOCTBIC M CAOXKHBIC HHAMBHAYAABHBIEC COCAM-
Henms. HeAOCTaTKOM BCEX BUAOB M3BACUCHHS M AQAb-
ueitmero ¢ppaxuuonnposanus I'B siBasercs nonasanme
OAHMX H TEX K¢ MATCPUAAOB B pasHbie GpPAKIMH, 4TO He-
xeaareabro [68]. Kpome toro, obmenpunsro, uro I'B,
BBIACASICMBIC U3 IPHPOAHBIX 06beKTOB (1104B, TOPHOB,
canporieaeii, KOMIIOCTOB U IIPOY.), COOTBETCTBYIOT TAKO-
BBIM, IPUCYTCTBYIOLMM B 3THX e obbexrax. Ho rak an
aTo?

Lleab my6AmMKaLii — HA OCHOBC AHAAM3A HAYMHOM AH-
TEpaTypbl, 0XAPAKTEPU3OBATH BCIICCTBEHHbII COCTAB, TAK
HA3BIBAEMBIX 'MHHOBBIX BELICCTB, M3BACKAEMbIX H3 TPH-
POAHBIX OOBEKTOB IICAOUHBIMH PACTBOPAMH, M 00bsIC-
HHUTb BO3MOYKHBII MEXaHU3M ACHCTBHs pacTBOpoB I'B na
TPOAYKIMOHHBIIT IPOLIECC BHICIINX 3CACHBIX PACTCHII.

AHATHS NMPOBNEMS

Cymecrsyer muenue [22], 4To BO Bpems MEAOYHOTO
M3BACYCHHUS I'YMUHOBBIX BCLICCTB H3 OYBCHHOTO OPraHu-
yeckoro marepuasa (ITOM) BMeCTE € HUMH BHIACASIOTCS
¥ MHAMBHAYAAbHBIC COCAHHCHHS], 2 TIPH AAAbHEIIIICM pa3-
Acaciun B nponcXoAsiT, BEPOATHO, COMYTCTBYIOWHE
peakunn (nanpumep, ruapoans I'B, Bratouchust vactu
HU3KOMOACKYASIPHBIX COCAMHEHMUIT (IIPOAYKTOB ACCTPYK-
1111) B MOACKYABI BBICOKOMOACKYASIPHBIX OHOTIOAMMEPOB..
Cymiecrsyer muctue [20], yro npeobaasaiomas (ecan ne
BCs1) YacTh PYABBOKHCAOT NMPEACTABACHA CPABHUTCABHO
HHU3KOMOACKYASIPHBIMH OPFaHHYCCKUMHU COCAMHCHISAMH,
HOSIBASIOIMMICS B PACTBOPE TIPH BHITOAHCHHH QHAAH-
THYECKHX POLCAYP B PE3YABTATC YACTHYHOTO THAPOAN3
Pa3HOOOPA3HBIX BHICOKOMOACKYASIPHBIX COCAMHCHMIA, B
tom uncae I'B u rymuna.

Kax nokasaAn HCCACAOBAHHSI, IPOBEACHHBIE B HAYAAC
XX-ro Beka, B cocras HA ryMUHOBBIX KHCAOT BXOAST:
CMOASIHBIE KHUCAOTBI M MX 3QUPbI, TAMIICPHABI KHPHDBIX
KkucAoT (kupbr), arpoctepus, purocTepun, napadpuHoBas,
AMTHOLICPMHOBAS M ArPOLICPUHOBAS KHCAOTHI, @ B COCTAB
FA yabBOKHCAOT (‘KPEHOBBIX M aTIOKPCHOBHIX KHCAOT):
AMOKCHCTCAPHHOBAS  KHCAOTA, IHKOAMH-KapOOHOBas
KMCAOTA, MCHTO3aHbI, KCAHTHH, TMIIOKCAHTUH, LIMTO3MH,
rucTuAnH 1 aprusui [78]. Tlpudc, ryMHHOBbIC KHCAOTBI
OAHOI1 OYBbI MOT'YT HMETh HHOI KOMIOHCHTHDIiT COCTAB,
yeM TakoBbie Apyroil. TOUHO TaKKe B Pa3HBIX MOYBAX CO-
craB QyAbPOKHCAOT pasanyalorcs Mekay coboit. [lpu

BECTHUK POCCHRCKOR AKALEMER ECTECTRENHBIX HAYX

3TOM, OPraHMYeCKHE COCAMHCHNS, Bhiacachibic 3 [TOM
BOAHBIMH ICAOYHBIMH PACTBOPAMH, MOXHO PasACAMTH
Ha ABC TPYIIbI: OAHA TPYIINA — 3TO COCAMHCHHUS], KOTOPbIC
[IAOXO PA3AAraIOTCA MMKPOOpraHnsMami (Hanpumcep,
CMOABI, BOCKOOGPA3HBIC BEIICCTBA, OTYACTH JKUPBI, TCH-
TO3QHb1), 2 BTOPasi IPyININa — HPOMEKYTOUHBIC IPOAYKTDI
pacnasa 6¢AKOB (aMUHOKHMCAOTBI, AUTHAPOCTCAPHHOBAS
KHCAOTA), HEYKACONPOTCHAOB (LMTO3MH, KCAHTHH, M-
MOKCAHTHH), AAKAAOMAOB U 3¢upHBIX Macea [5].

Kak canraa A.M. Tpycos [40], rymycosbie Bemecrsa
COBAQIOTCS CAMIMH XK€ HCCACAOBATEASMH 13 KaKMX-AH0O
TIOYBEHHBIX OPTaHMYCCKHX COCAMHCHHIL, A HE HAXOAATCS
KaK TakoBple B nouse. Hanpumep, cMoasiHbie KMCAOTDI,
KOTOPbIC ONPEACASIIOTCS B TYMUHOBOTI KMCAOTC HE SBASI-
JOTCS €€ COCTABHBIMM YACTSIMHU. DTO MPOAYKT PE3YAbTaTa
ACHCTBHSI IIEAOYH HA TIOYBEHHbII rymyc. Tak, HekoTopbie
6yphic BELICCTBA, KOTOPHIC M3BACKAIOTCS ICAO HBIMU Pac-
TBOPAMH M3 [104BBI, 00PA3OBAAMCH TPH ACHCTBHM 1CAOUH
na [TOB, a e HaxoAMAMCH Kak Takosbic B nousc. [lpu
sToM, nipu AciicTun meaoun Ha TTOB, s oannx opranu-
YECKHMX COCAMHEHHIT 0OPasyloTCsi CMOASIHBIC KHCAOTBI, &
Apyrue (Hanpumep, AyOHABHBIE BEIECTBA, XAOPOHAALI 1
MHKPYCTHPYIOLLIC BemecTBa) Gypeior. AONOAHHTEAbHBIC
dakrel, noaTBepxKAaionHe Touky sperns A.M. Tpycosa,
MOSIBUAUCH AHIIb B KOHIE 20-10 1 B HavyaAc 21-ro BeKoB.

Kak caeayer u3 obzopa Oriez V. ¢ coasropamu [69],
BCACACTBHC IICAOYHOTO BO3ACHCTBHSI HA OCHOBHbIE KOM-
HOHEHTBI HE APEBCCHOI GUTOMACCHI, TAKHE, KAK: AUTHHH,
MOAMCAXAPUABI U PA3HBIC IKCTPAKTHBHBIC BCIICCTBA, B
BOAHYIO JKHAKYIO $a3y MCPEXOAAT OAMTOMEPbI AMTHHHA
U CaxaprAOB, 06pasysi TEMHOOKPAIICHHDIH KOAAOMAHDIIT
PACTBOP, TAaK HA3BIBACMBII YCPHDIH MIEAOK. Cacayer 3a-
MCTHTD, YTO B YCPHOM HICAOKE MPHUCYTCTBYIOT MPOAYK-
TBI HE TOABKO ACCTPYKLIMH AMTHHHA, HO M TPOAYKTbI €ro
nocaeayiomeii penoanmepusaunn 39, 54, 74, 82]. Tlpu
3TOM, BCC IPOM3BOAHBIC AUTHHHA MOKHO OCAAHTD MyTeM
AobaBAcHus MuHEpaAbHOil kKucaoTs [69]. Bamernm, TK
TOXE BHIMAAQIOT B OCAAOK MPH MOAKHCACHHHM CPEAbI IKC-
Tpakuuu. B pesyasrare meA0uHOro ruapoansa buosoru-
YECKOTO MaTepHAAQ, COACPIKALICIO BCAKH, HYKACHHOBbIC
KHCAOTBI, yTACBOABI, AMITHABL H T. A., BOAHBII PaCTBOP NpH-
ob6peraeT KodeilHblil IBCT 1 COACPIKHT MOACKYABI HCOOAD-
IINX ENTHAOB, AMMHOKHCAOTHI, OAUTO- H MOHOCAXapa, a
TaKKe Mblaa (HATPHECBBIC MAM KAAMCBBIC COAM BBICIINX
kapbonosbix kucaor) [84]. K romy ke meaounoit ruapo-
Au3 GeAKOB NMPHBOAMT K 0OPAa3sOBAHMIO OCTATKOB AaH-
THOHMHA M AM3HHOAAAHMHA, K PA3PyUICHUIO APIHHUHA,
AuauHa 1 pcruna (18], a Take K XeMOCHHTE3Y TAMITHHA
1 a-amMuHO-#-MacAsiHoi kucaotsl [S1]. Mrepecuo, uro
TaKHE BHICOKOMOACKYAsipHbie cocannenns, kak AHK u
Fe-uno3utdocdarsi, TCPSIOT CBOIO arperaTuBHYIO yCToli-
YUBOCTb MPH TIOAKMCACHHH WCAOYHOM BBITSUKKH M OKa-
3bIBAIOTCS B COCTABE PPAKINHI FYMHHOBBIX KHCAOT, & HH3-
KOMOACKYASIPHBIC KMCAOTOPACTBOPHMBIC KOMIOHCHTBI,
Takue, Kak caxapodocdarsi, Ca-unosurpocdars n Ap.,
IIONAAQIOT B COCTAB PpPaKiiuu GpyAbBOBLIX KHCAOT [16,17].
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Caeayer ormernts, uto pasacachne I'B na 'K u BK 3asu-
cur ot konnenrpaumn [30]. Tak, ecan konnenrpauns I'B
HIDKC KpUTHUCCKOil KonneHTpaunn Muueas (KKM), To
I'K coxpansiior cBoI0 arperaTuBHyI0 yCTOHYHBOCTD B BO-
anom pacrsope ¢ pH = 1-2. M nao6opor, yem KoHueHTpa-
st I'B seime KKM, rem 6oasime I'K Boinagaer B ocaaox
B BOAHOM CHABHOKHCAOM PacTBOPC.

Haie npeacTaBACHHE O BBIACACHMH M PA3ACACHHM
TYMHHOBBIX BCHICCTB NPHPOAHBIX OOBEKTOB IPUBEACHO
Ha puc. 1. Mubivu caoBamu, ryMmuHOBbIC BemecTsa (Tou-
HCE YCPHBLI IICAOK) —CAOKHAS CMeCh, cocTosmas us (1)
MOHO- 1 OAMTOMEPOB (IPOAYKTBI, YHACACAOBAHHBIC OT
HCXOAHOTO MAaTepHaAa M/HAM OOPA3yIOIHCCs B PeyAb-
TATE ICAOYHOTO THAPOAH32 IPHPOAHBIX TOANMCPOB), (2)
KOAAOMAHBIC CHCTEMbI IIPHPOAHBIX MOAMMCPOB (AMTHHH,
IOAMCAXaPHABL, XKUPDI, BOCKH, CMOABI, KEPOreH HTA.), (3)
OPraHOMHMHEPAABHBIC COCAMHCHHS, BKAIOYAS KOAAOMA-
HBIC CHCTEMBI, M (4) HCOPraHMYCCKUE HOHBI 1 PA3AMYHBIC
COCAMHEHIIS, BKAIOUASi KOAAOMAHBIC CHCTEMBI.

To ccTb, pacTBOP YEPHOTO LICAOKA IPEACTABASIIOT CO-
60t BUHETPET, COCTOSMMI M3 MHOKECTBA YHHBCPCAAb-
HBIX KOHCTPYKTHBHBIX 1 QYHKLIHOHAABHBIX 6AOKOB. DTH
GAOKH SIBASIIOTCSI OCHOBOJI ITTAHMS JKHBBIX OPTaHH3MOB,
B coorBercTBun ¢ MHeHnem A.M. Yroaesa [41]. ITo-
HAIICMY MHCHHIO, HMCHHO 3TO U SBASCTCS 00BsCHCHIEM
GHOAOTHYCECKOIT AKTHBHOCTH TYMHMHOBBIX IIPCHIAPATOB.
[lonnmanye MexaHu3Ma BO3ACHCTBHSI TYMHHOBBIX Mpe-

HHUA TYMHUHOBBIX
BIM MPOLLECC 3EAEHBIX

11apATOB HA PACTCHMS! O3BOAHAO HaM pa3paboTarh KOH-
LCNITYAABHYIO MOACAB, OTPAKAIOLIYI0 BAHSIHUC OPraHH-
YCCKHMX COCAMHCHHIT, BXOASIIMX B TYMHHOBBIC BEICCTBA'
(OC-TB) na 6uoxumuteckne, $U3NKO-XMMUYCCKHE U
61HOPU3NYCCKIE NIPOLIECChI, KOTOPBIE TPOMCXOAST B pac-
TeHmsix. MOAEAB OCTpOCHA Ha OCHOBE AHAAN3A HAYYHOI
AMTCPATYPhl M COOCTBCHHBIX IKCTICPUMCHTAABHBIX AQH-
HBIX.

CoraacHo mpeararacMoii HaMH MOACAH, GHoAOTH-
ucckoe Bamsiume I'B Ha pactenns obycaobamsaetcst ux
pasHocroponnumu csoiicteamu (3, 4, 8, 10, 19, 26, 60,
66, 76]. Tlpu 3TOM, MO MHCHHMIO TPYIINbI MTAABSHCKHX
yuenbix [84, 85], yepnsiit meaok — I'B Moxer okasbisars
ACHICTBHC HA U3HOAOTHIO PACTCHHIT TOCPEACTBOM CAOXK-
HBIX TPAHCKPUIILHOHHBIX (TCHHO-PETYASITOPHBIX) CCTCI.
3a cueT peryAMpOBaHHS IKCIPECCUH HCKOTOPBIX TCHOB,
60Ab].l.MHCTBO KOTOPbIX BOBACYCHbI B KACTOUHBII LHKA, &
TAKKE B MCPUCTEMHYIO M LIHTOCKCACTHYIO OPraHH3aLHIo,
9TH COCAMHCHHSI OKA3bIBAIOT BAUSHHC HA PU3HOAOTHIO U
MeTabOAN3M PACTCHHUIA.

PasBuBast Hay4HbIC OAOKCHIS, CBSI3AHHBIC C PACKPDI-
THEM MEXaHH3MOB OHOAOTHUCCKOIT AKTHBHOCTH YCPHOTO
1CAOKA (ryMyCOBBIX BEWICCTB), HaMM paspaboTaHa KOH-
LIENTYaAbHas MOACAB yuactus I'B B Gnoxmmmyccknx u
GHOPH3MUCCKNX TPONCCCAX, MPOMCXOASIIMX B 3CAEHBIX
cocyauctbix pacrenusx (puc. 2) [29]. B coorsercrsun ¢
TMPCAAATACMOIT MOACADBIO, PH3HOAOTHYCCKASH AKTHBHOCTD

OPraHHYECKHE KOMIOHHBIC "

arperaTMBHO YCTOHYHBBIC B ITaHONE OpraHHYeCcKHe COCAHHEeHHA

PIc. 1.

Cxema BbifieneHus 1 pasaeneHns ryMMHOBbIX BELLLECTB Npu-
POAHbIX 0ObEKTOB

BECTHOK POCCHECKON AXALEMNR ECTECTBENHBIX HAVE
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PIC. 2.

KoHuenTyaneHas MOAENb y4acTusi NYMUHOBbIX BELLECTB B 61O-
XUMUYECKUX, PUBUKO-XMMUYECKNX 1 BUOUBNHECKIUX NPOLieC-
cax, NPOVCXOAALLMX B 3ENEHBIX COCYANCTBIX PACTEHURAX NPU UX
HekopHeBo 06paboTke
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YCPHOTO MICAOKA OOYCAOBACHA: HAAYHEM B ITHX COCAH-
HCHUAX PasHOOOPasHbIX PYHKIMOHAABHBIX IPYII, KOA-
AOMAHBIMH CBOFICTBAMH 1 KOMIOHCHTHBIM COCTABOM.

YepHblil IEAOK — KHCAOTHO-OCHOBHBII KOMIIACKC,
Tounee nabop noanamdoantos. Paznoobpasnsic $yHk-
LIMOHAABHBIC TPYIITIBI 3THX COCAMHCHMIl 00ycAaBAMBA-
0T HX y4aCTMC B XMMHMYCCKHX PEAKLMSIX OKHCACHHSI-
BOCCTaHOBACHHMSL (B TOM 4HCAC ¥ OOpaTumbix) u
PCAKILMOHHYIO COCOBHOCTD STHX COCAMHEHMIT B LICAOM.
PeakuuoHas clocobHOCTb YCPHOTO ECAOKA IPOSBASCT-
C51 B BO3MOXKHOCTH 00Pa3soBaHMs! ITUMH COCAMHCHUSAMM
PasHOOOPA3HBIX  MCTAAAOOPTAHMYCCKUX  KOMIIACKCOB,
BKAIOYasl XCAATHBIC; BO BAMSHMM HA OCMOTHYECKOE AQB-
Aenue; B GepMCHT-CyOCTPATHBIX B3AUMOACHCTBISIX; B AC-
TOKCHKAlMH KCCHOOMOTHYCCKUX BELICCTB H COCAMHEHHIT,
a TaKKe B HEKOTOPBIX APYTHX nporeccax [26].

Yuacrue I'B B pasamuHbIX BOCCTAHOBHTEABHO-
OKHMCAMTCABHBIX  (PCAOKC) — MPOLECCaX  ONTHMU3H-
pyeT ABIXQaHHC PAcTCHMiI M OT4acTH (OTOCHHTE3
[6,8, 13, 34, 42, 43] B 0 ¢ Bpemst akTuBu3aums Goro-
cunresa OC-T'B moker 6biTh 06yCAOBACHA HE CTOABKO €
NPOSBACHUEM PEAOKC-CBOFCTB YCPHOTO IICAOKA, CKOABKO
C YCKOPEHHEM TPAHCIIOPTA M LMPKYASLIMM [HLICBBIX BE-
wiecTs BHyTpH pactenuii [26]. B pesyasrare, uem unten-
CHBHEC ABIXaHHE PacTeHuil U POTOCHHTES, TEM AydlIC
NpoTeKacT GHOCHHTE3 PA3AHYHBIX OPraHHYCCKIX COCAH-
HCHHH.

OKenepuMeHTaAbHO ycTaHoBAcHO [75], uto I'B npu-
BOAMAM K YCHACHHIO PEaKLii ¢ 00pasoBaHHEM MAKPOIp-
IHYECKHX CBSI3CH, THAPOAM3 KOTOPBIX CONPOBOKAACTCS €
BHIACACHHEM 3HAYUTCABHOrO KOAMYCCTBA dHeprin. ymar
KaAMsl MHTCHCHQUIMPOBAA SHAOICHHOC ABIXAHHC M AK-
THBHOCTb LIUTOXPOMOKCHAA3bI B TOMOTCHATE M3 KOPHCil
osumoit mwennupt ( Triticum vulgare Vill.) [79].

BcAcACTBHE TOTO, YTO OPraHMYCCKHE COCAMHCHMS,
BXOAsIME B TaK HasbiBacmbic I'B, criocobubi 06pasoss-
BaTh XCAQTHBIC COCAMHCHIS, 3TH BEWICCTBA CNOCOOCTBY-
10T NOCTYNACHUIO B PACTCHHSI GHOQHABHBIX SACMCHTOB
M B BHAC KATHOHOB, B YaCTHOCTH JKCAC32, KAAMS, MCAH,
KaABLIHSI, MATHHSI M APYTHX MaKpO- M MHKPOIACMCHTOB
[6, 35, 36, 43, 44, 65], u B BuAe, Hanpumep: Ppocaros,
HUTPATOB, CyAbdatoB [47, 65, 87]. Bansnue I'B na norao-
ICHHE PACTCHHSIMU HUTPATOB MOKET OOBSCHSTBCS KaK
ropMoHonoAoGHbIM AciicTuem [55], Tak 1 reHoMHBIMM
MOAMGHKALHSIMH, BHI3bIBACMBIMU I'yMYCOBBIMI KHCAOTA-
mu [48]. Tax, 6140 HaitacHo Bamsitne I'B na skenpeccnio
6Geakos-nocuteacit nurparos [88]. Kak 6bia0 nokasano
Ha npumepe Kykypyswt (Zea mays L.) TB moryT neno-
CPEACTBCHHO BAMSTD HA TPAHCKPHIILIIO FCHOB, OTBCYAIO-
LMX 32 NOCTYNACHHC HUTPAT-MOHOB B KOPHH PACTCHMIL
[76).

[Tomumo storo, I'B MOryT cAy>kKuTb noCTaBIIMKAMH
OpraHnyeckux anuoHoB. M3BectHo, 4To AAst GaaronpusiT-
HOTO POCTA PACTCHUII B KACTKAX MOCACAHHX AOAKHO Ha-
6AI0AATBCS OTPEACACHHOE COOTHOLICHHE OPTAHHYCCKHX
M MUHCPaAbHBIX aHHOHOB [23]. Beposito, opranmyeckie

BECTHUK POCCHRCKOR AKALEMNN ECTECTBERHBIX HAVK

A.M. IONOB, B.H. 3EAEHKOB,

T.B. TENAAKOBA, M.B. MAPKOB

BEPOATHB M MEXAHHU3M BAUAHUA TYMHUHOBB X
BEUECTB HA MPOAVKLUHOHHB WA MPOLECC 3EAEHBIX
PACTEHHUH

AHHOHBI, BXOASIIIHE B COCTaB YepHoro weaoka (I'B), cno-
COGHBI BBITOAHSATD B PACTCHHSIX POAb IPOTHBOHOHOB AAS
Kkarnonos (Hanpumep, aas K, Na*, NH,* n ap.), ontumu-
3Upysl COOTHOLICHIC AHHOHOB M MPUBOAS K CHHKCHHIO
COACPKaHHSI HUTPATOB B NPOAYKIHH PACTCHHCBOACTBA
[10].

C nosnumn KOAAOMAHOI XUMHH YCPHBII ICAOK — Ha-
6op pasHOOOPA3HBIX BHICOKOAHCHICPCHBIX KOAAOMAHBIX
YaCTHIL Pa3HOll CTPYKTYphi, KOTOpbie 00AAAAIOT 3apsi-
JKCHHOI1 IIOBEPXHOCTDIO M KAK CACACTBHE IIOBEPXHOCTHO-
aKTHBHBIMU CBONCTBAMH HacCTHLL. 3apsiA MOBCPXHOCTH
KoArouAHBIX vactuil I'B cosaaer ycaosus aas mnpo-
spacuns OC-I'B copbumonoii 1 HoOHOOOMCHHOI aK-
TUBHOCTCI], A TAKKC TPOSIBACHHS IACKTPOCTATHYCCKHX
B3AMMOACHCTBUIL. DTH COCAMHCHUS TAKKC TPOSIBASIIOT
NOBEPXHOCTHO-aKTHBHBIC CBOMCTBA [4] B CBsisH ¢ yem
OC-I'B, nonas B pacrenusi, THAPOPHAHHPYIOT CTCHKH
TPOBOASIILICH CHCTEMBI M OBACIYAIOT MHHOLMTO3, BAHSI-
10T Ha GMOIACKTPHUCCKHME PEAKIMH M OCMOTHYCCKOE
AAQBACHHE, OKAa3blBAIOT HOHOPOPHOC ACHCTBHC, HTO B
HTOTE YCKOPSICT NCPCABHKCHHC H IMPKYASIHIO MHTa-
TCABHBIX BEWICCTB B pacteHuu. Yem ayumie Tpancnopr
i KPyrOBOPOT IHTATCABHBIX BCIICCTB B PACTCHHSX, TCM
BbIIIE CKOPOCTh POTOCHHTE3A, TeM Goabine mocrymaer
B PACTCHMs COCAMHCHMIT MMHEPAABHOTO MUTAHHS, A KaK
CACACTBHC — YCKOPSICTCSI POCT M PA3BUTHE CEABCKOXO351i1-
CTBCHHBIX KYABTYP. CeAbCKOXO3SIHCTBCHHBIC KYABTYPBI
6oAce IIOAHO MCTOAB3YIOT BHCCCHHBIC B MOUBY yAOGpe-
nust. Minaue ropopsi, Bospacract KOIQGUIMCHT HCIIOAb-
sosanms yaobpennit) [23, 26].

Buocrumyaupyiomas akrusaocts I'B 6piaa nanboan-
wieit Bo GPaKLMSIX ¢ OTHOCHTCABHO HCOOABIION MOACKY-
AsipHoii Maccoit [67, 72, 86], npuuem, OTHOCHTCABHO HU3-
KOMOACKYASIPHBIC T'YMYCOBBIC COCAMHCHHS TMOCTYNAIOT
B KACTKHM PaCTCHHI1 ACT4C, YeM HX 6OACE BHICOKOMOACKY-
asipubic anasorn. Huskomoacekyaspras dppakims I'B ne-
PCABHIACTCsl 1O CHMIIAACTY M HEIOCPEACTBCHHO BAHSICT
Ha MeTaboAM3M pacTeHHil, a 60ACC BBICOKOMOACKYASIpHA s
¢paxums I'B nepeauraetcs mo anonaacty u BAMSICT Ha
IIPOLICCCHI, CBA3AHHBIC C QYHKIMOHMPOBAHHEM KACTOY-
Hoil cTenkn pactenuit [67]. OTHOCHTEABHO HI3KOMOAE-
kyaspnas ¢pakuns I'B toke moker nepeasurarbcs no
aNONAACTY, OKa3bIBasl IPH STOM BO3ACHCTBHE HA AA3MA-
Aemmy [86]. DKCNepUMEHTAABHO YCTAHOBACHO, YTO BEAH-
YMHA MOAYASI YIPYTOCTH KACTOUHBIX CTCHOK KOPHCIt pac-
TCHUIT 3ABUCHT OT COACpKaHus BoaopacTBopumbix I'B B
KOpHEBOIi cucreme pactennit [9].

Komnouenrnoii cocras OC-I'B, necomnenno, cka-
3bIBACTCSI HE TOABKO HA TPOPHYHOCTH, HO M HA HCKOTO-
PHIX APYTHX GHOAOTHYCCKHX CBOHCTBAX ITHX Crieiuduc-
cKuX coeantennit. HekoTopbie KOMITOHEHTBI TyMyCOBBIX
COCAMHCHMIA, TPEACTABASIOLIHE COBOM  CTPYKTYpHBIC
pparMeHTI GHOAOrHYCCKIX MAKPOMOACKYA, MOTY T TAKKE
TIOTAOLATCS 1 YCBAMBATHCS pacTeHusiMu. B atoM cayuac
pacTeHmsi «3KOHOMSAT» IHEPIHIO, a 4eM GOAbIIC BeAn-
YHHA «CIKOHOMACHHOI1» dHepruu, Tem Goabiue Bhipaba-
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THIBACTCA GUTOHUMAOB 1 PUTOAACKCHHOB — AKTHBHBIX
CPEACTB 3ammuThl pactennii. B peayabrare pactuteabhbic
KyABTYpbI MeHb11Ie GoacioT [26)].

B 6AaronpusTHOM BAHSHMM OPraHHYECKHX COCAMHE-
it rymuroBbix Bemects (OC-I'B ) na pacrenus nexo-
Topbie nceaeaoBarean 32, 50, 52, 75] HAXOAAT aHAAOTHIO
C AcficTBHeM GUTOropMOHOB — ayKcnHOB (B GoAbIIEi
Mepe), rub6epearnnon u npouce. Ipuenm, Tak Hasbisac-
MBIC I'YMHHOBBIE KUCAOTBI 0GAAAAIOT BHIPAKEHHOIT AyKCH-
HOMNOAOGHOI aKTHBHOCTHIO B GOACE IIMPOKOM AHANIA30HE
KOHICHTPAIMii, 4yeM cobcTBeHHo aykcumbl [45]. Bos-
moxno, OC-T'B cnocobusr cuHepreTnyecky HAM aHTa-
TOHHCTHYECKH B3AHMOACHCTBOBATH CO MHOTHMHU PEryAsi-
Topamu pocra pacrenuii [71, 83]. Kpome toro, OC-T'B
CMIOCOGHBI AKTHBUPOBATH CHHTETHUCCKHUIT PEIIOPTEp ayK-
cuna DR5:GUS u ycnamars Tpanckpunumio pauero
aykcuH-3asucumoro rena IAA19 [84, 85].

'K Tak ke, Kak 1 HHAOAYKCYCHAs1 KHCAOT, MHAYLIpY-
10T Pa3BUTHE 6OKOBBIX KOPHCI IOCPEACTBOM COTAACOBAH-
HO¥l AKTHBAIMH TIAA3MAACMMBI 1 Hacoca Tonomaacta H
[89]. Iomumo aykcnu-noao6roit akrusammu I'B Moxker
6biTh 3apciicTBoBaHa TH66epeaAHONIOAOGHAs CHIHA-
AMBAIMS AASL IPEpBIBAHMS 1T0KOst cemsiH [53]. Kax 6biao
obnapyskeno [49, 53, 61], I'B moxer cHuwxars Br3BaH-
HBII COABIO CTPECC Y HekoTopIx pactennii (Arabidopsis
thaliana (L.) Heynh., Phaseolus vulgaris L, Zea mays L).
Takum obpasom, I'B saaepusaior onocpeaosannyio co-
ABIO ACTPAAALMIO NICPCHOCYUKA HATPHS BHICOKOA)UH-
M Tpancnoprepom K+ 1 (HKT1)T1), uto npusoaur
K YCHACHMIO BHIXOAQ HaTpus [62].

I'B (uepHpni meaok) cnocobHb! mpunmMaTh yuactue
B ACTOKCHKAIIMH KCCHOGHOTHKOB B 3CACHBIX COCYAMCTHIX
pacrenusx [46). Tak, I'B crioco6mst nosbimars ycroiiau-
BOCTb PACTCHHH K ACHICTBHIO HOHM3UPYIOIMICH PaAHALIiK
¥ necTuiuAoB (6], cHikars MHIHOMpYIOIIEE MOCACACH-
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VBenuyeHne ypoxaimHoctn (% Kk KOHTPOMIO) ANs PasHbiX ce-
MEVICTB CE/bCKOXOBANCTBEHHBIX KYNBTYP NPU NPUMEHEHUU He-
KOPHEBbIX 00PAbOTOK MYMUHOBBLIMKU Npenaparami. ABTOpPCKue
AaHHble No peaynbtataM 25-NeTHUX UCCNeoBaHui

BECTHUK POCCHACKON AKAJEMUN ECTECTREHRDIX HAYK

A.H. MOMNOB, B.H. 3EAEHKOB,

T.B. TENAJSKOBA, M.B. MAPKOB

BEPOSTHB M MEXAHH3M BAUAHMUA TYMHUHOBBIX
BEIECTB HA MPOAYKUMOHHBHY NPOLECC 3EAEHBIX
PACTEHHUH

CTBHE OCTATOYHBIX KOAHYECTB ICPOHLIMAOB M yMCHBILATH
HAKOTACHHE HX B KOHEYHOI1 IIPOAYKIIMH PACTCHHEBOACTBA
[46]. Poan uepHoro meaoka B sammure pactenmii OT Bo3-
ACHCTBHS IECTHIIHAOB MOXKET ObITh MHOT006pasHoli —OT
BBINOAHEHHST GYHKIMH COPOEHTA A0 POAH HHAYKTOPA CH-
creM AcTokcuKanuu [37].

Bcé bimnenepeuncacHnbic npumMepsl BAMAHUS dep-
HOTO IIEAOKA Ha GH3HOAOTO-BHOXMMUYECKHE TPOLIECCHI
B pacteHusx OyAyT COCOGCTBOBATH YAYMIICHHIO POCTa,
Pa3sBHTHA U POAYKTHBHOCTH PACTCHHIA, 2 TAKKE YBEAH-
YCHHIO UX YCTONYMBOCTH K cTpeccam. B kauccrse npu-
Mepa npuBeacHbl 0606ménnbic (32 25-AeTHuI nepuoA)
PE3YABTATHI TIOACBBIX IPOM3BOACTBEHHBIX OTIBITOB C Pac-
TBOpamit I'B, npoBoAMMBIX B pasHbIX KAMMATHYECKHX 30-
nax (puc. 3) [29].

Buoaoruueckas akrusrocts I'B urpact Bakuyio poab
KaK B 06eCreucHH BHICOKOI GHOAOTHYECKOI TPOAYK-
THBHOCTH CHCTEMbI IIOYBA—PACTCHNUE, TAK M B TOBBILIIC-
HHH YCTOHYHBOCTH 9TONi CHCTEMBI K HEOAQrONPHATHBIM
BOBACHCTBISAM. Bhiaa BBIsSBACHA CACAYIOMIAs 3aKOHOMEp-
HOCTb NIPH IPHMEHCHHH HEKOPHEBBIX 06pabOTOK pacTBo-
pamu I'B: (1) npu BHICOKOM NPOM3BOACTBEHHOM NOTEH-
HAAE MI0YB U BAATONPHATHBIX ArPOMETCOPOAOTHUCCKHX
YCAOBUSIX HAOAIOAZAOCH OTHOCHTCABHO HEBBICOKOE YBe-
AMMEHHE YPOKAIHOCTH CEABCKOXO3SHCTBEHHBIX KYABTYP;
(2) npu sKCTPEMaABHBIX ArPOMETEOPOAOTHUECKIX 06CTO-
ATEABCTBAX, HO MPH XOpouIeii 06ECICYCHHOCTH MOYBHI
OCHOBHBIMH 9ACMCHTAMH MHHCPAABHOTO MHTAHUS PacTe-
nnit (NPK), appexr 6514 makcumaasuniv [15, 25, 27].

Caeayer A06aBuTS, uT0 HeKOpHEBas 06paboTKa pac-
tBopamu I'B marepunckux pactenuit sBAsieTcs oAHMM U3
Ty TEHl YAYHIICHHS TIOCEBHBIX CBOFCTB CEMSIH 3¢PHOBBIX.
B pesyasrare nposeaénnbix uccacaosanuii [38] 6bia0
BBISBACHO, YTO HEKOPHEBAsi 06paboTKa APOBOTO SUMCHS
pacrsopamu I'B npuseaa K yAyqimenmio AMHaMuueckux
CBOJICTB CEMSIH — BCXOXKCCTH M SHEPTHH NIPOPACTAHHUSL,

JAKTHYERWE

Buosornueckas axrusnocts I'B obycaosaena: Ha-
AMYHMEM B 9THX COCAMHCHUAX Pa3HOOOPA3HBIX GyHKIIHO-
HAABHBIX TPy, KOAAOMAHBIMH CBOWCTBAMH M KOMIIO-
HEHTHBIM COCTaBOM. IyMMHOBBIC BemecTsa Crocobmbr:
YCKOPSAITb LIMPKYASIIMIO MHTATCABHBIX BCHICCTB BHYTPH
PACTEHHH, YBCAMYHMBATH NPOHMUACMOCTh KACTOUHBIX
MemOpan, Tem caMbiM OBACTYATh MOCTYNACHHE U mepe-
ABIKEHHE TIHTATCABHBIX BCWICCTB B KYABTYPHBIX pacTe-
HHSL, CHUMATb CTPECC Y CCABCKOXO3SIICTBCHHBIX KYABTYP
NMOCAC TIPUMCHEHHS TICCTHLMAOB, ONTHMU3HPOBATH B
PACTCHUSAX COOTHOMICHHSI OPraHMYCCKHX M MHHEPAAb-
HBIX aHHOHOB, HCIIOAB30BATH HEKOTOPbIE KOMIOHEHTHI
I'B, npeacraBasiomue co6oii cTpykTypHble GparMeHTh!
BHOAOTHYECKHX MAKPOMOACKYA, H BBI3BIBATH HHAYKIIUIO
9KCIPECCHHU TCHOB.

Taknm 06pasom, B camoM o6IIeM BUAC MOACAL YHHU-
BCPCAAbHA AASI BBICIIMX 3CACHBIX PACTCHUII M HAAIOCTPH-
pyer, uto 6uosormucckas aktusHocTs I'B sBasiercs un-
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TErpaAbHbIM OTOOPAKEHHEM CBONCTB 3THX COCAMHEHMIL.
IymuHOBBIE BEmECTBa, BCACACTBUE UX NPAMOTO BAMSHHUS
Ha 6roxuMHYeCKHE i OHOPU3UYCCKUE NPOLIECCH pacTe-
HUIA, IO3BOASIIOT YCKOPHUTh POCT M Pa3BUTHE CEAbCKOXO-
3A1ICTBCHHBIX KYABTYP.
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