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MU3YYEHUE B3AMMOBAUSHUSA BbICLLIMX BOAHBIX PACTEHMIA
U ®OTOTPOPHbLIX MUKPOOPITAHU3MOB
C LEAbIO CO3AAHUSA KOHCOPLIMYMA, MEPCIEKTUBHOIO
AASl BUOPEMEAUALIMA

OAHMM M3 HanpaBAGHWI COBPEMEHHbIX IKOAOTMUECKMX MCCAEAOBaHMIA SBASeTC pa3pabotka
TEOPeTUUeCKMX U MPAKTUUECKUX acnekTos GropemeAualiim BOAOEMOB, OCHOBaHHas Ha MCNOAb30BaHNMK
MPUPOAHBIX MEXaHM3MOB CAMOOUMILEHMS M CAMOBOCCTAHOBAEHUSI BOAOEMOB, AEMCTBME KOTOPbIX
CBS3AHO C AESTEABHOCTBIO Pa3sAMUHbIX BUAOB LIMAHOBGAKTEPUIA M MUKPOBOAOPOCAEH. M3BecTHo, YTo
AAS noBbienns ahdekTMBHOCTH Bruopemearatiii UCNOAb3YIOTCS HE MOHO-, @ CMeLLIAHHBIE KYABTYPbI
MUKPOOPTraHU3MOB, AAS NOAYHYEHUS KOTOPbIX HEOOXOAMMO yuWTbIBaTb OCOGEHHOCTH BHYTPMBMAOBbBIX
B3aMMOOTHOLLEHWIT LMAHOBAKTEPUI, MUKPOBOAOPOCARH M B3aUMOBAMSIHUE (DOTO — U reTepoTPOdHbIX
MMKPOOPraHM3mMoB. LIeAbi0 MCCAEAOBAHWIA SBASIAOCH M3YUEHME B3aMMHOIO BAMSIHMS BUMAOB BbICLIMX
BOAHBIX pacternu (BBP), kyabTyp umanobGakTepuit 1 MUKPOBOAOPOCAEN, PE3UCTEHTHBIX K TSKEABIM
METaAAaM AAS (DOPMMPOBaHMS M3 HMX acCoUMauMii B MOAEAbHbIX Onbitax. OToGpaHbl KYAbTYpb
AAS CO3AaHMA KoHcopumyma BBP ¢ dotoTpodHbIMM MWMKPOOPraHM3mamu, NepenekTUBHbIX AAS
HuopemeAmalnu. BbiAO YCTaHOBAEHO, YTO M3 WCCAeAOBaHHbIX BBP €noco6HOCTb K COBMECTHOMY
cocyutecteoBanuio y Pistia stratiotes HaBAIOAAAOCH C KyAbTypamu LmaHoGakTepuamu Phormidium
autumnale 1-5 u Anabaena variabilis RI-5. OnpeaeaeHo, 4To M3 MCCAEAOBaHHbLIX MUKPOBOAOPOCAEN
KyAbTYpb! Ankistrodesmus sp. Bl-1 u Scenedesmus quadricauda B-1 moryT 6bITb KOHCOPTamK BbiCLLIETO
BOAHOrO pactenus Pistia stratiotes.

KAlOYEeBble CAOBa: BbICLIAS BOAHAS PaCTUTEAbHOCTb, LMAHOOAKTEPWUM, MHWKPOBOAPOCAH,
KOHCOPLIMYM.
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Studying the relationship of higher water plants and phototrophic microorganisms
with the purpose of creating a consortium promising for bioremediation

One of the priority areas of modern environmental research is the development of theoretical and
practical aspects of the bioremediation of water bodies, based on the use of natural mechanisms for
self-purification and self-recovery of water bodies, the action of which is related to the activity of mi-
croorganisms belonging to different types of cyanobacteria and microalgae. It is known that in order to
increase the efficiency of bioremediation, not mono-but mixed cultures of microorganisms are used to
obtain which it is necessary to take into account the peculiarities of intraspecific relationships between
cyanobacteria and microalgae and the interference of photo- and heterotrophic microorganisms. The aim
of the research was to study the mutual influence of the species of higher aquatic plants (HAP), cultures
of cyanobacteria and microalgae resistant to heavy metals to form associations of them in model experi-
ments. By results of researches, cultures for creation of consortium HAP with phototrophic microorgan-

© 2017 Al-Farabi Kazakh National University



Axmyxanosa H.P. u ip.

isms, perspective for bioremediation are selected. It was found that the ability to co-exist in the Pistia
stratiotes was observed from cultures of cyanobacteria Phormidium autumnale I-5 and Anabaena varia-
bilis RI-5 from the studied higher aquatic plants. It is determined that of the studied microalgae species
of Ankistrodesmus sp. BI-1 and Schenedemus quadricauda B-1 can be consortia of the higher aquatic

plant Pistia stratiotes,

Key words: higher aquatic plants, cyanobacteria, microalgae, consortium.
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buopemeamnaums ywin nepcnekrusri KOHCOPLIMYM KYPY MaKCaTbiHAQ
KOFapbl catbiAbl Cy ocimairi men hotorpochro MHKPOOPraHU3MAEPAIH ©3apa acepin 3epTTey

IKOAOTUAABIK, 3epTreyaepAiH 6acbim GarbiTra
TEOPUSABIK, JKOHE MPaKTUKAABIK acnekTiAepiHiv 3

PbiHbIH Gipi Cy KoimaAapb! 61OpeMeAMALISCHIHBIH
epTTeAyi, oaap uMaHobakTepusiaap MeH MHKpobGaa-

AbIDAADABIH 9D TYpAEpiHe KataTbiH MHUKPOOPTraHU3MABPAIH JKYMbIChIMEH GaiAaHbICTbI 6oAaTbiH, cy
KOWMAAApbIHbIH 03-03iHEH KaAMbiHa KeAyi XoHe o3iH-03i Tasanay Taburu mMexaHMaMAEpiH rnarAanaHyra
HerisAeAreH. buopemeamnaumarbiy athpekTuBTIAIriH APTTBIPY MAKCaTbiHAR MUKDOOPraHU3MAEPAIH
MOHO- eMeC, apaAac AaKbIAAAPbI MalAAAHBIAATbIHbI GeAriai, oAapabl aay YWiH umanoGakrepusinap
MEH MMKPOGAAABIDAAPABIH, KoHe doTo- xoHe retepotporbl MWKPOOPraHM3MAEPAIH, TYpiLiAik
©3apa 9CcepiHiH epexieAiKTepiH eckepe OTbIPY KaxXeT. 3eprreyAiH MakcaTbl MOAGAbA| 3eprreyaepae
dyblp METaAAapFra Te3iMAI XKOFapbl CaTbiAbl cy ecimaiktepi OKCCO), uMaHo6akTepms AAKbIAAADbI
KOHe MUKPOGAAABIDAAPABLIH ©3apa GanAaHbIChIH, OAapAaH accolaumns Kypy makcatbiHAA 3eprrey.
3eprrey Hatukeaepi GovibiHwa, GuopemeAmarms Ywin nepcnektueti XCCO men doToTpo s

MWKPOOPIraHN3MAEPAIH KOHCOPUMYMBIH Kypy YiUiH

AdKbIAAAD TAHAAABLIHBIN dABbIHADI. 3Ep'|TE!\l'EH

KOFapb! CaTbiAbI Cy OCiMAiKTepiHeH Gipaecin Tipuiaik eryre Pistia stratiotes-re Phormidium autumnale
I-5 xoHe Anabaena variabilis RI-5 UMaHOOAKTEPUAAAPBIHBIH AAKbIAAADbIMEH GaiKaAaTbiHbI ADACAACHA .
3epTreAinren MUKpoGaAABIPAAPAbIH Ankistrodesmus sp. BI-1 xane Scenedesmus quadricauda B-1
AdKblAAapbi Pistia stratiotes xorapbi catbibi CY OCIMAIriMEH KOHCOPT 6OAA AAATBIHADIFbI aHbIKTAAABDI.
Ty#in ce3aep: XoFapb! catbinbi €y OCIMAIri, umanobakrepusiaap, MUKPOGAAABIPAAP, KOHCOPLIMYM.

Beenenmne

OnuuM M3 mpuoputeTHBIX HampasJICHUI Cco-
BPCMCHHBIX 9KOJIOTMYCCKHX MCCHCHOBAHMI SIBIISI-
CTCs pa3paboTKa TEOPETHYECKHMX M NPAKTHHECKHX
aCleKTOB DHOpPEMEeIHALMM BOJIOEMOB, OCHOBAHHAS
Ha HCIOJIL30BAHHH NPHPOAHBEIX MEXAHH3MOB Ca-
MOOHMILICHHA H CaMOBOCCTAHOBIICHUS BOJOCMOB,
JICHCTBHE KOTOPBIX CBSI3aHO C ACATCIBHOCTHIO MH-
KPOOPraHH3MOB, NPHHAUICKAINX K PasIHYHBIM
BH/IaM [HaHOOaKTepwHii 1 MHKpoBozopocneii (Tay-
Gace T.T., 2000: 113). Mpaktuueckas 3HAYUMOCTh
ITHX OOBEKTOB /LS GHOPEMEIHALMM H JJ0OYHCTKH
BOZOCMOB OMNpPEIENAeTCH VHHKATLHOCTBIO HX MeTa-
bommyeckux cnocobrocTeil (horocunTes, JIbIXaHue,
Pa3HOOOpa3He HCTOYHMKOS YIIEPOa, CIOCOGHOCTS
YCBauBaTh aTMOCHEPHEIH 230T M T.1.), BLICOKOIi Ky-
MYJIATHBHOH W NECTPYKTHEHON CHOCOGHOCTBIO B
OTHOHIICHUH TSHKCIBIX METATAOS M B OTHOIMICHHH Ta-
KHX OPraHHYeCKHX 3arpsssMTeIc. xax HedTs, He-
¢renponyxTsl, denors w v o (Chong A M., 2000:
251). U3BecTHO, 910 3a% mossamcsms dexTun-
HOCTH OHOPEMCIHAIINE BCHOIEIFIOTCS He MOHO-.
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4 CMCIIAHHBIC KYJIbTYPhI MHKPOOPTaHM3MOB, JUIsi
TIOJTYHCHHSA KOTOPBIX HEOOXOAMMO YYHTHIBATE 0CO-
OCHHOCTH BHYTPHBHMIOBBIX B3aMMOOTHONICHHI] M-
anobakrepuii n MHUKPOBO/IOPOCIIEH M B3aMMOBITHSI-
HHE (OTO- M rerepoTpodHbIX MHKPOOPraHH3MOB.
Koncopuns — munnmansuas CTPYKTYpHas ¢IMHMAIA
Guonenosa, cocrosmas u3 Pa3HOPOJHBIX OpraHu3-
MOB, KOTOPBIC B TCYCHHE BCCH JKH3HH WITH OTIIC/Ib-
HBIX NEPHO/IOB HAXOMATCA B TECHBIX M TOJIC3HBIX
KOHTAKTHBIX OTHOIICHWAX APYr ¢ apyrom (Poma-
Henko B.J1., 2005:45).

Bricime Bonubie pactenns coctaBasior MHOTO-
HHCICHHYIO IPyNIy ruApoGHONTOB, KOTOPas OKas3bl-
BaCT pasHOCTOPOHHEE BITMSIHUE HA JKH3HB BOJOCMOB
1 BOJOTOKOB - OT CO3/1aHus NacTOMII, yOeKHIIL U He-
PCCTHITHIN LISt pA3IMYHBIX IPEACTABUTEICH BOAHOM
(hayHoit 10 yeunenns npoueccon CaMOOYHILCHHUS -
CaMo3arpA3HEHHs U GOPMHPOBAHMS KAYCCTBA BOJIEI
(Kosanesckuii A.JL, 1977: 165). Muorouncnenusie
AQHHBIC CBHICTCILCTBYIOT 00 aKTMBHOM Cpeoo-
Gpasyiouteit ponu srux pacrenui. OHH CHMKAIOT
KOHLICHTPAIMIO U H3MEHSIOT COOTHOIICHHE a30Ta |
dbocdopa, ymensmaror COJICPIKAHHUE THKEIBIX Me-
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TAJNOB, YCKOPAKOT CHHKCHHUE KOHICHTPAIWH B BOJIC
pana opraHM4CCKNX TOKCHKAHTOB, BCEC 3TO MO3BOJIA-
€T PEKOMEHJIOBATh MX K MCTOJIb30BAaHUIO /Ui OMO-
JIOTHYECKOH OYHMCTKH 3arpA3HCHHBIX MOBEPXHOCT-
Heix Boj (Syeda H.B., 2016: 25). Ucnone3opanmne
B HCKYCCTBEHHBIX CHCTEMaX OYHCTKH BOJIbI KOHCOP-
[[MyMa OPraHU3MOB Pa3IMYHBIX TAKCOHOMMYECKHX
rpyni, IpHMEHEHHUE AKTHBHBIX IITAMMOB MHKPOOP-
raHM3MOB-ICCTPYKTOPOB, BEIACICHUE U HCIOIB30-
BAHWE YCTOHYMBBIX K 3arpsi3HEHHBIM BOJIaM MHKPO-
BOJOPOCIICH, BBEJICHUE B OUHIIAIOIIMI KOHCOPIIHYM
BBICIIMX BOJAHBIX PACTCHHH, MO3BOIAET CO3/1aTh
HOBYIO KOMIUJICKCHYIO OHOTEXHOIOTHIO OYUCTKH H
BOCCTAHOBJICHHSI BOJIOGMOB, 3arpA3HECHHBIX pas-
muuneiva noaroradtamd  (Chojnacka K., 2010:
299). B cBa3M ¢ BBILICH3I0KCHHBIM, MPEACTABIISIO
MHTEpEC HM3y4YECHHE THIA CKIIAJBIBAIOIIMXCS B3aM-
MOOTHOILICHHH B KoHCcopuuyme BBP u dororpod-
HBIX MHKDPOOPIaHH3MOB, C LIEJbIO CO3JaHHs Ha MX
OCHOBC acConManuH I'leCI'ICKTHBHOﬁ AN OYHCTKH
3arpsA3HEHHON BOJIBI

B mHactosmee Bpems npoOiema 3arpAsHe-
HHUA oxpy)xammeﬁ Cpeibl TAKCIBIMH METAJLIaMH
(TM) cranoBurcs Bce Donee akryansHoH. Meran-
JIbl TIPEJICTABIAIOT CEPhE3HYIO YIpo3y s OHOTBI
BCJICJCTBHE OCTPOH TOKCHYHOCTH H NMOCTCTICHHOTO
HAKOIUICHHS B OKpY’Kaloliell cpeac 10 OMacHoro
spayennd (Arunakumara K.K., 2008: 60). B mo-
CIIC/THHE TOJIbI DKOJIOTH Hapsly C OLECHKOH ypOBHA
3arpsA3HCHHI M OINpPEACICHUS] MX HMCTOYHHUKOB BCE
Gosnbiie o0panialoT BHUMAaHHE HA BBIABIICHHE «CYIb-
ObI» MONMABIIMX B MPHPOAHYIO CPey BELIECTB, MX
rpeBpalicHuil ¥ B3aUMOJICHCTBHIA C dHUBBIMH Opra-
ausmamu (Dunbabin J.S., 1992: 56). Yno6HbIM 005-
CKTOM /Ul TAKMX HCCICJOBAHHH CIY’XKaT BbICIIHME
BOJHBIC PacTeHHE, MAHOOAKTEPHH U MHKPOBOJIO-
POCJIH, KOTOpBIE CIIOCOOHBI HAKAIUINBATH B BRICOKHX
KOHLICHTPALMAX MHOI'ME 3JIEMCHThI H TCPEBOJINTh
MX B HCTOKCHYHYIO (hOpMY, 4TO B HACTOAIEE BpPeMS
LIMPOKO NMPUMEHSAETCA B LEIAX OHOpeMenaluy -
JUIst OYMCTKH BOJIHBIX cTOKOB (Ahalya N., 2003: 71).

Ilp COBMECTHOM MPOM3PACTAHWM BBICHIMX
pactenuii U Bojopocieit Haubonee yacto BCTpe-
yaromieiics (opMoil  B3aUMOACHCTBUS  SBICTCS
KOHKypeHlMsi. B koHkypeHTHo# Oopwpbe Oonee
Ghlﬂpopacwume OpraHMsmMbl YHCTO MCXaHH4C-
CKH BBITECHSIOT MEUICHHOpACTylllMe. A B CHHY-
3UAX NPEJCTABHTENH OIHOTO BHJA BO3JICHCTBYIOT
Ha MpEACTaBHUTEICH COCCACTBYIOMIErO BHAA € MO-
MOIIBIO BBIJACICHHA OINPEACICHHBIX XHMHYCCKHX
BELECTB, TOPMO3SLIMX WM MOJHOCTHIO MOJABJISA-
IOIMX pocT nocieanux. Hanpumep, npu npopa-
IUBAHUK 300CTIOP JIAMHHAPHEBBIX BOAOPOCICH B
MCKYCCTBCHHBIX YCIOBHAX NPOPOCTKH M3 HHX HE

Pa3sBUBAIOTCS, CCITM B COCYAAX C 300CNIOPAMH HAXO-
JATCS 4acTh TaIoMOB ackodmmuryma. OnHaxo u3-
BECTHBI (DAKTHI M NOJIOKHTEIBHOIO B3AHMO/ICHCTBHS
BOJIOPOCJICiE, B YACTHOCTH C BBICHIMMH PACTCHHAMH, &
MMEHHO CTHMYJTHpYIOIiee JeHCTBHE MPHKH3HEHHBIX
BhIJICIICHHI BOJOPOCTEH Ha KOPHHM BBICIIMX pacTe-
HMIi B BOJHBIX 9KOCHCTEMax — koHcopuusix (Kupnen-
ko H.W., 2011: 73). Crumyssitis pocta MHKpOOHOTO
coobiecTsa pusocdepsl MPOUCXOAUT 3a CYCT MPOo-
JIYKTOB JKH3HE/ICATEIBHOCTH KOPHEBOM CHCTCMBbI
pacteHusi (KOPHEBBIX JCMO3UTOB, PH30CTIOZHTOB).
OHM COCTOST W3 KOPHEBBIX IKCCY/IATOB (BBIICIICHH),
BBICOKOMOJICKYJISPHBIX METabOIHTOB M YTPaueHHBIX
YacTCH pacTeHus (CIyHMBAOIIMXCA KIETOK, OTMEp-
IIMX YYaCTKOB KOPHs, KOPHEBOIO HEXJIHMKa H T.JI.)
(Danquah M.K., 2010: 1037). Pacrenue Taxxe cro-
cobcTBYeT M3MEHEHHI0 (DH3MKO-XUMHUUYECKUX YCIIO-
BHI cpeibl 0OUTaHHs MHKPOOPTaHW3MOB, OKasbiBas
MEXaHHYECKOE BO3ACHCTBHE Ha 9KOCHCHTEMY. Passu-
BasiCh HA KOPHEBBIX JICTIO3UTAX pacTeHus, puzocdep-
HbIC MHKPOOPraHH3MBI B Ipoliecce MeTabom3Ma U
110CJIC OTMUPAHHs MHKPOOHBIX KJICTOK 00pasyloT 1H-
TareibHbIE BellecTBa B (hopMax, JOCTYIHBIX LIS HC-
nons30BaHus pacteHusiMu. Cozianne KOPHEBOW CH-
CTEeMO# pacTeHus ONaronpHATHOH cpesisl 0OHTaHMUs
JUIi MHKPOOPTaHMH3MOB NYTEM TMOBBIIICHHS YPOBHS
NATATC/ILHBIX BEIIECTB MPUBOINT HE TOJNBKO K yBe-
JIHYEHUIO YHCJICHHOCTH MUKPOOHO#M NOIYJIAIHH, HO
WHOIIa M K 3aMCTHBIM M3MEHEHMsM B COCTABE MH-
kpobGHoro coobuiectsa (Sorokina G.A., 2013: 182).
BHOTEXHOIOrHYECKOE UCIOIb30BaHHE PH30CHEPHO-
ro ciMOHMO03a PacCMaTpuUBacTCsA B HACTOAIIEE BpPEMS
HE TOJIBKO /Ul CO3/1aHHs ONaronpHsATHBIX YCIOBHH
Pa3sBUTHS CETBCKOXO3SHCTBCHHBIX PACTCHMI, HO U B
ciydac GUTOpeMEeIMAIHK 3arPA3HEHHBIX BOJL M MOYB
(Aurangzeb N., 2014:881).

Llenbio nccae0BaHui ABAAIOCH H3YUCHHE B3a-
HMHOI'O BIIMSAHHSA BHIOB BRICHIMX BOJHBIX PACTECHHH
(BBP), xynbryp umanoOakTepuii M MHKPOBOJIO-
pociieii pe3UCTEHTHBIX K TAKEIBIM METaLlaM s
(hOpMHPOBAHUA U3 HMX ACCOLHALMH B MOJICJIBHBIX
onkITax.

Ma'repna.rlu H METObI HCCJICIOBAHHSA

OObeKkThl HMCCIICAOBAHUSA — BBICHIME BOJHBIC
pacrenun: Lemna minor, Pistia stratiotes, Elodea
canadensis, TPUPOJHBIC U KOJUICKIIMOHHBIC 1ITAM-
MbI POTOTPODHBIX MUKPOOPranu3MoB: Phormidium
autumnale 1-5, Anabaena variabilis R1-5, Oscillato-
ria tenuis R1-4, Synechococcus elongates 1-4, Nos-
toc calcicola R1-3, Scenedesmus quadricauda B-1,
Chlamydomonas reinhardtii B-4 n Chlorella vulga-
ris BB-2, Ankistrodesmus sp. BI-1.
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OnbIThl NPOBOAMIIMCHE ¢ HCTIONBLIOBAHMEM Cpe-
asl lteiinbepra B IFOMHHOCTATE NIPH TeMIepaType
24-27C° B yCNnoOBHAX KPYIIIOCYTOYHOIO OCBEICHHS
(2000 JIx) (Adamu Y.U., 2015: 49). B ka%10M onbi-
TE W3YHYATHCh B3aMMOOTHOLICHHS MEKIY Omnpese-
JICHHBIMH KYJILTYPAMH MHKPOBOJOPOC/IEH, LHaHO-
OakTepwuii M BBICHIMX BOAHBIX pactenwii. /las storo
B CTEPHJIBHBIC CTaKaHbl HaauBamm mo 250 mu cre-
PHIILHOM NMUTATE/ILHON CPEJib, 3aTEM TY/Ia BHOCHIIN
KYJIETYPEI IHAHOOAKTEPHIT ¢ HCXOMHOI TJIOTHOCTHIO
(D) - 0,1, a KynbTypbl MHKPOBOIOPOCIIEH BHOCHIH ©
HCXO/IHBIM KonuuecTBoM 106 kinetox/min n nomemnia-
JIOCh 110 NaTh pacTeHHid. Yepes 7 cyTok npoBoamics
aHaiu3 MOpPQONOrMYECKUX H3MEHECHHIl JTHCTHEB M
KOPHCH PacTeHMil M MHTEHCHBHOCTH pocta (oTo-
TpodubIX Mukpoopranuszmos (Thomas S., 2002:
649). OnHOBPEMEHHO C ONBITHBIMH BapHAHTAMH
(mMukposopopociutBBP u nuanobGaxrepniitBBP)
CTABWJIA KOHTPOJbHBIC BAPUAHTHI 110 BEIPALIUBAHHIO
B TEX XKe ycrnoBusax (GoroTpodHBIX MUKPOOPraHus-
MOB M BBICHIMX BO/IHBIX PACTEHUH B MOHOKYJILTYPE.

Pe3yabTaThl HCC/IEI0BAHUS U HX 00cyikK1enne

Llemsro npesictaBneHHol paboTel ObLIO H3yye-
HUE THMA CKJIAIBIBAIOIINXCS B3aWMOOTHONICHHI

mexay BBP u dororpopnsiMu Mukpoopranmnsma-
MH, U TIOCHIEAYIONIETO CO3/laHusi KOHCOPIHyMa
HEPCIECKTHBHOTO JI/Is OYMCTKH 3arpsa3HEHHO BOJIBI.
O6bexThl HecneioBanus ObUIM OTOOpaHBI MO pe-
3y/IbTaTam HalllHX MPe/AbIAYIHX UCCIICI0BAHM, IIe
OHHM IT0Ka3a/i Hanbosee BRICOKYIO AECTPYKTHBHYIO
1 COPOLIMOHHYI0 AaKTHBHOCTh B OTHOLIEHHH OPraHy-
YCCKHX 3arpA3HUTENICH W HOHOB TSIKEJIBIX MCTAJLIOB
(Zayadan B.K., 2016: 42).

H3yueno cunepruueckoe aelicrsue uaos BBP
W [MaHOOAaKTEPHANBHBIX KYJIBTYP B MOJCIBHBIX
oneitax. Jlns 2TOro BH/bI BBICIIMX BOJHBIX pac-
Tenunt Pistia stratiotes, Elodea canadensis, Lemna
minor W MAaHOOAKTEPHANILHBLIX KynbTyp Phormi-
dium autumnale 1-5, Anabaena variabilis R1-5, Os-
cillatoria tenuis R1-4, Synechococcus elongates 1-4,
Nostoc calcicola R1-3 BEIpanmmBany COBMECTHO B
naboparopuuix yenosusix (3asaan b.K., 2016: 206).

Kak nmoxa3sniBalOT pPe3yNbTaThl SKCIEPHMCHTOB,
B MOHOKYJBTYpax pocT IuaHobakTepuil Xapakre-
pu3yercs KJIACCHMYECKMMHU 3aKOHOMEPHOCTSMH, Y
Pa3HbIX BHIOB OTIIMYANACH JIMIIb CKOPOCTBIO H JUTH-
TENLHOCTHIO (pa3 pa3puTus. IIpH COBMECTHOM KYIlb-
THBUPOBaHKM IHaHoOakTepuii ¢ BBP nabmonanocs
M3MEHCHHE HHTEHCUBHOCTH pocTa 06enx 00beKToB
uccnenosanus (tabmmna 1).

Tabauua 1 — Biauanne BHICIINX BOJHBIX PACTEHHH Ha POCT iHaHOOaKTEpHi

HcexonHas Poct npanoGakTepuii ¢ BRICITHMH BOJTHBIMH PACTEHHAMH
LE Konrpons,
KynsTyphl IHaHOOAKTEpHi MJIOTHOCTh D) i :
naHobaKTepuii Pistia stratiotes | Elodea canadensis Lemna minor
Phormidium autumnale 1-5 0,1+0,2 0,9+0,01 0,8+0,01 0,7+0,03 0,42+0,02
Anabaena variabilis RI-5 0,1+0,1 0,8 0,02 0,7+0,01 0,740,02 0,5+0,01
Oscillatoria tenuis R1-4 0,1+0,1 0,8+0,04 0,7+0,02 0,8+0,01 0,4+0,02
Synechococcus elongates 1-4 0,1+0,2 0,8 +0.02 0,3+0,01 0,7+0.02 0,4+0,01
Nostoc calcicola R1-3 0,1+0,2 0,7+0,01 0,5+0,01 0,6+0,02 0,5+0,01

[Ip# COBMECTHOM BbIPAIIMBAHHH BOHBIX pacTe-
HMil Lemna minor ¢ pazidgHbIMHA 11HaHOOAKTEPHAMH
HaOMIOAAI0Ch 3HAYHMOS CHIDKCHHE CKOPOCTH POCTa
M BPEMCHH YIBOCHHS THCTCIIOB B BapHAaHTE C IMa-
nobakrepueii Synechococcusu elongates 1- 4. Tlpn
9TOM 4epe3 4 CYTOK HCCICI0BAHHS AHCTEIIb Y PACOK
no0eneny, a 3aTeM DPHOOPETH CBSTIIO-OPaHAKeBbIH
BET, 4 TUIOBHOCT: xucToR Symechococcusu elon-
gates 1-4 camsunacs =2 50%. B sapsasTax ¢ KyIbTy-
paMH 1MaHOoOaxTeps Phormsdues autemnale 1-5 1
Oscillatoria tenuis RI-4 =2 sporsmss—s S0eT0 3KC-
TNEPUMEHTA CYHICCTECHSIND MOPaIE=ccRonn -
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MEHEHMs PACTCHNs HE OTMEYEHO, HO Ha0II0AI0Ch
HE3HAYMTEILHOC TOPMOJKCHHE POCTa B KOHILE OIbI-
ta. [L1oTHOCTE 3THX MaHOOAKTEpHii B COBMECTHOM
KYJILTHUBHPOBAHWH C Lemna minor CHWU3MWIACh Ha
53%. B BapuaHTax OmbITa C Ky/JIbTypamy HuaHobak-
tepuit Anabaena variabilis R1-5 n Nostoc calcicola
RI-3 simucTes pacTennii Lemna minor AIMENH 3eJ1CHbIN
[BET, OTPHIATENLHBIX MOP(OIOrHYecKUX H3MEHe-
uHH He Habmonaitock (pucyHok 1). Takum obpaszom
YCTAHOBJICHO, YTO BCE M3YYCHHBIC KY/IbTYPhI [IHAHO-
GaxTepHil OKa3hIBAJIN PA3IHYHOC BIMAHUE HA POCT U
pasBHTHE pactenus Lemna minor.
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Muxkpockonuyueckoe HCCICIOBaHHE PACTCHHIH
Lemna minor nokasano, 4to uuaHobaKTepun pactyT
CBOOO/IHO HE MPUKJICIVIIOTCS K KOPHAM PAaCTCHMUIL.

Io cpasuenmio ¢ Lemna minor Hawny4uiuii poct
¢ HaHobakTepusiMu Habmoancsa y BOJHOrO pacre-
uus Pistia stratiotes. BoisiBneno, uto nuaHobakTrepun
Phormidium autumnale 1-5 w Anabaena variabilis
RI-5 ctumynuposanu pocr Pistia stratiotes. Jlnctbs
pacTeHuii B HTUX ONBITHBLIX BapuaHTax Obun Oosce

HACBIIMICHHOI'O IBETa IO CPaBHCHHIO C OCTAJIBHBIMH

BapHaHTamMM onbita. [IpH COBMECTHOM KyILTHBH-
POBaHMH C KyJbTypoit Synechococcus elongates 1-4
Ha 7 CYTKM DKCIICPMMEHTA OTMEHYEHO T[OsIBICHUE
MPH3HAKOB HCKPO30B W XJIOPO30B B JIHCTBRAX IIH-
cruu (pucyHok 2). Mexay kynsTypoii Synechococ-
cus elongates 1-4 n Pistia stratiotes CKJ1aJbIBacTCs
(opma antOHO3a B oTHOmICHMH BBP, nipu xotopoii
OJIHA MOITYJIALHS OTPHUIIATEILHO BIMACT HA JIPYTYIO,
HO CaMa HE UCIIBITHIBACT HU OTPHLIATEIILHOTO, HH 110~
noxurensHoro BiusHus (Cakesuu A ., 2005: 104)..

(A — Hauano KyneTHBHpOBakus, b — uepes 7 CyTOK KyNbTHBHPOBaHHS)
a- Phormidium autumnale 1-5, 6-Nostoc calcicola R1-3, B-Anabaena variabilis R1-5,
r—Synechococcus elongates 1- 4, n — Oscillatoria tenuis R1-4

Pucynox 1 - Lemna minor npu COBMECTHOM BBIPALIIHBAHHH ¢ IIHAHOOAKTEPUAMH

(A — Hawano kynsTHBHpOBaHHA, b — uepes 7 cyTok KyneTHBHpOBaHus) a- Phormidium autumnale 1-5,
6-Nostoc calcicola R1-3, B-Anabaena variabilis RI-5, r-Synechococcus elongates 1- 4, n - Oscillatoria tenuis R1-4.
Crpenkamy yKazaHo NPH3HAKH HEKPO3OB M XJIOPO30B B JIHCTHAX TTHCTHH

Puceyaok 2 — Pistia stratiotes Tpn COBMECTHOM BHIPAIIMBAHMH C 1IHAHOOAKTEPHAMH
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[To pesynbratam MHKpOCKOIHYECKOro Hcciie-
JIOBaHUA M3 M3YHYCHHBIX LHAHOOAKTEPHIi BO3IMOXK-
HOCTE K 0OpasoBanuio koucopumuyma ¢ BBP Pistia
stratiotes Habmoaanoce y xyastyp Phormidium
autumnale 1-5 v Anabaena variabilis R1-5. Knetku
UMaHOOAKTEPHIi POCITH B OCHOBHOM HPHKDEILISCH
K KOpHsM pactenuii (pucynok 3). Ilpu cosmect-
HOM KYJIbTUBHPOBAHHMHU ¢ Kynbrypamu Oscillatoria
tenuis RI-4 n Nostoc calcicola R1-3 sipko Beipaen-
HBIX HM3MCHeHWH B mopdonoruu Pistia stratiotes
HE BBIABICHO. YCTAaHOBICHO, YTO KICTKH JAHHBIX
KynbTyp unanobakrepuii u Pistia stratiotes we oka-
3bIBAIOT HUKAKOI0 BO3JCHCTBUA APYI Ha JPYTa, 4To
CBHJIETEILCTBYET O HECHTPAJIbHOM THIE B3aHMOOT-
HOIICHHWA MEXK/Ly HHMH.

Elodea canadensis nio cpasuenmio ¢ Pistia stra-
fiotes u Lemna minor NOTPyKCHBI LETHKOM B BOIY
M HC MOTYT JIepXKaThCs BHE e€. YCTaHOBJIEHO, 4TO
BCC HCCJICIOBAHHBIC LMAHOOAKTEPHH OKa3biBa-
I OTPHLATEILHOE BIANSHUE HA pocT snozeu. ITpu
9TOM Ha HAYaJIbHOM 3TN SKCICPUMEHTA 3aMETHBIX
MOP(ONOTHUECKUX H3MEHEHMI He Habmo/1a710Ch,
HO B NOCJIC/YIOMIME /IHH BO BCEX BapMaHTAX OMbI-
Ta PasBUBAJICA XJIOPO3 1O KPasiM JIMCTHEB, 3aTeM M
MEXKLy JKHIIOK. B koHIIe sKcriepumerTa XJ10po3 pac-
TIpocTpansicsa Ha riasHeie Kuwiku (Yeenko O.M.,
2005:55).

Pucynok 3 — Phormidiem autumnale 1-5 (a)m
Anabaena variabilis R1-5 (6) spsspenacunnie k KOPHAM

Pistic ssrateotes x40

Takum 06pazom, mocacaosasme s3asMo0THOmC-
HHH KyIbTYp IHanoOasTepss w Elodes canadensis
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[I0Ka3aJ10, YTO BCE KYJILTYphl LMaHOOaKTepwmii 3a-
MCTHO OrpaHu4uBaioT poct Elodea canadensis, Tor-
/la KaK paCTeHHE HE BIIMACT Ha UX POCT (PUCYHOK 4).
ITO 03HAYACT, YTO B3AMMOOTHOWICHUS MEHKILY ITH-
MH OpraHW3MamMH MOKHO OHPE/EIHTh, KAK aMCH-
CallbHbIC, Y€MY COOTBETCTBYIOT KOJIMYECTBCHHBIC
COOTHOLICHMs [TOKa3aTelneil MaKCUMAJILHOTO YnCia
nuaHobakTepuii n oTMupanue pacrenuii. Umeroma-
SICSL B JIATCPAType MHMOPMAINA CBUJICTEILCTBYCT
O TOM, YTO TOKCHYECKHME BEILICCTBA, BBIIACIISICMEIC
IMaHODAKTEPUAMU MOI'YT HEIraTMBHO BIMSTL Ha
BOJHBIC pacTeHus. Tak, HMEIOTCS CBeIcHUS O TOM,
TO MHKPOLIMCTHH BBICISIEMbIH LIMaHOGAKTEPHAMH
CYMECTBCHHO YrHETaeT (POTOCHHTE3 B ClEACTBHU
YMCHBLICHHS COACPIKaHUA XJIOPOQHILIA @ B OTHO-
menun Elodea canadensis w Ceratophyllum demer-
sum (bayenosa M.O., 2016: 117).

Taxum 006pa3oM, U3 H3YYEHHBIX BBICHIUX BO-
JHBIX PACTCHHH CHOCOGHOCTH K COBMECTHOMY Cy-
IICCTBOBAHMIO C IHaHOOAKTEPUAMH HAOIIONAIOCH
y Pistia stratiotes ¢ xynsrypamu Phormidium au-
tumnale 1-5 n Anabaena variabilis R1-5. Kymnstypsi
Oscillatoria tenuis R1-4 n Nostoc calcicola RI-3 ue
OKasplBa/lH BBIPAKEHHOIO OTPHLATEIBLHOIO i~
crBus Ha Pistia stratiotes. Kynsrypa Synechococ-
cus elongates 1-4 oka3spiBana TOKCHYECKOE JciiCTBHE
Ha BCE MCCIICIOBAHHBIE BBICIIHE BOJAHBIC PACTCHHS.
C xymbrypoit Lemna minor nonoxurensHoe co-
CYIIECTBOBAHHE HAOMOAANOCh y uMaHOOaKTepHii
Anabaena variabilis R1-5 w Nostoc calcicola RI-3.
Ocranbubie nuanoGakTepUH OKasbiBaTH OTPHIA-
TCIIbHOC BIIMSIHHE HA pocT Lemna minor.

JUisi onpejenienrne CHHEPrHYECKOro AeHCTBHS
BU/I0B BBICILIMX BOJIHBIX pactenuit Pistia stratiotes,
Elodea canadensis, Lemna minor n MHKPOBOJIO-
POCIEBBIX KYIbTYp Scenedesmus quadricauda B-1,
Chlamydomonas reinhardtii B-4 u Chlorella vulga-
ris BB-2, Ankistrodesmus sp. BI-1 Buipammsam ux
COBMECTHO B s1abopaTopHsix ycnosusx. Kak Buano
3 TAOJMLBI 2, IPH COBMECTHOM KYJIbTHBHPOBAHHH
KJICTOK MHUKPOBOJIOPOCIICH U BBICHIMX BOJAHBIX pac-
TCHHH, HaOIONANIOCh YBEIMYCHHE HHCIIA KICTOK
MHKPOBOJIOPOCIICH M BBICHIMX BOJHBIX PACTCHHIA.

M3menenne wuHTeHCHBHOCTH pocta B cMme-
WaHHbIX KY/IbTYypaX C BBHICHIMMH BOJHBIMH pac-
TeHUAMH 3aukcuposansl s Chlamydomonas
reinhardtii B-4. Yucnennocts Chlamydomonas
reinhardtii B-4 B mosokynbType 3a 7 cyTok BbIpa-
IHBaHMA yBeauunBanace B 7,940,02 mun. xn/mn,
a B COBMCCTHOM KyJIbTHBHPOBAHHH C PACTCHHAMH
cHusmiace Ha 27%. B xoHue onbita Habmonanoch
OCaXICHHE HA JTHO COCY/Ia KICTOK MUKPOBOIOPOC-
aeit Chlamydomonas reinhardtii B-4 B Bapuante ¢
Pistia stratiotes.
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(A — Hauano kynsTHBHpOBaHus, b — uepes 7 cytok kynbTHBHpOBanns) a- Phormidium autumnale 1-5,
6-Nostoc calcicola R1-3, 8-Anabaena variabilis R1-5, r—Synechococcus elongates 1- 4, 1 — Oscillatoria tenuis R1-4

Pucynoxk 4 — Elodea canadensis TpH cOBMECTHOM BHIPAIMBAHUHC HHAHOGAKTEPHAMH

Tabuuua 2 - Bansuue BRICIIHX BOJHBIX PACTEHHIT HA POCT MUKPOBOIOpOCTeii

Hcxonnoe PocT MukpoBosiopoceii ¢ BRICHIHMH BOIHBIMH PACTEHHAMH,
Ry .. | KONHYECTBO KIETOK, SO, 10°kn/mn

MHKpOBOJlOpocei 5 10% xk/mn - .

10°kn/mn Pistia stratiotes | Elodea canadensis Lemna minor
Sceneglz‘esmns 1.040.2 8.5+0,01 7.8+0,01 8.4+0,03 8,5+0,02
quadricauda B-1 ~
Chlamydomonas {001 7.9 40,02 6,040,01 5.840,02 6,7+0,01
reinhardtii B-4 H i 15 R I
g!élf)zreﬂa vulgaris 1040.1 924004 9.7+0.02 9,5+0,01 9,7+0,02
g:laf]:‘srmdesmm Sp. 1,0£0,2 9,1 0,02 8,4+0,01 8,6+0,02 8,5+0,01

Y KyabTypel Scenedesmus quadricauda B-1
OpH COBMECTHOM BblpamuBanue ¢ Elodea cana-
densis u Lemna minor TOPMOKEHHE POCTA KJICTOK
HE Habm0Ianoch, HO NPH KYJILTHBHPOBAHHH C
Pistia stratiotes poct KieTok Obul HHKE Ha 8%.
Onnako npH MHMKPOCKONHYECKOM HCC/IEI0BAHHH
OBUIO YCTAHOBIEHO, 4YTO KIETKH Scenedesmus
quadricauda B-1 B OCHOBHOM TNpPHKpEIUICHBI Ha
KOpHsX pactenuil Pistia stratiotes (pUcyHOK 5),
C YeM [0 BHIMMOMY H CBA3aHO YMCHBILCHHE KO-
JIMYECTBO KJIETOK BOjopocieii B cycnensun. [Ipu
KyJIbTUBUPOBaHUH Scenedesmus quadricauda B-1
¢ Elodea canadensis w Lemna minor npukpense-
HHA KICTOK K KOPHAM WJIH Ha cTeGenu pacteHus
He HabmIaanoCs.

[Ipn COBMECTHOM BBHIPAIMBAHMH MHKPOBO/IO-
pociu Chlorella vulgaris BB-2 ¢ BbICIIHMH BO-
JIHBIMH  PacTEHHAMH HaOMIONANOCH CTUMYJISIIHS
pocTa XJopesibl. YCTaHOBJICHO, 4TO B CPCAHEM
KOJIHYECTBO KIIETOK Xuopeiuibl Ha 5% 6Gonsiie no
CPaBHEHHIO C KOTPOJIbHBIM BapHaHTOM 0e3 BhIC-
LIKX BOJHBIX pactenui. He HckmodeHo uTo Bojo-
POCITH MOTYT MOJTy4aTh OT COCYZMCTBIX PACTCHHIA B
Ka4yecTBE MUTATENBHOro0 cybcTpaTa opraHuYeckue
COC/IMHECHMS, YEM BO3MOKHO M OOBSICHSETCS He-
3HAYMTCIBHOE YBEIMUYCHHE KOJIMYECTBA KJICTOK.
Onnako no pesyabrataM MHKPOCKOIMHMYECKOro MC-
CJICZIOBAHHMS BBISIBIICHO, YTO KJIETKH XJIOPEIUIbI pa3-
MHOXKaJIMCh cBOOOIHO HE NPUKPEIUISSACH K PACTCHH-
AM. M OTpHLIATEILHOTO BIHAHHSA MHKPOBOJOPOC/IH
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XJIOpEJUTBl HA BHICHIME BOJHBLIC PACTCHHS B CBOKO
o4epe/ib TOXKE He HAOMOAanoch. Y CTAHOBICHO, YTO
mexay kineramu Chlorella vulgaris BB-2 n Bcemu
H3YYCHBIMH BBICITHMH BOIHBIMH pacTeHusMH cdop-
MHPOBAJICS HEHTPAIbLHBINA THIT B3aHMOOTHOIICHHS.

Pucynox 5 — Kopuu Pistia stratiotes ¢ TpuKpenieHHBIMA
KnetkamMu Scenedesmus quadricauda B-1, x40

AHaJIOrH4YHas KapTHHA HabIo/1a1ack U MEXLY
KyJIbTypoil Ankistrodesmus sp. BI-1 u Beicimmu
BOJIHBIMHM PACTCHUAMH. Y CTaHOBIEH, CHMOHO3HBINH
THIT B3aHMOOTHOILICHUS MEKY JaHHBIMH 00BeKTa-
MM HCClIeIoBaHni. Bo Bcex H3ydeHHBIX BUIAX BHIC-
IIMX BOJHBIX pacTeHui knerku Ankistrodesmus sp.
BI-1 pa3BuBanuch aKTHBHO, 3aMETHBIX YMCHBIIIC-
HHH KOJIMYECTBA KJIETOK M0 CPAaBHEHUIO C KOHTPO-
JICM HE YCTaHOBJICHO. MHKPOCKONMYCCKHH aHaJIN3
NOKa3ajl NPUKPEIUICHUE K KOPHAM pacTeHui Pistia
stratiotes w Lemna minor xknetok Ankistrodesmus
sp. BI-1 (pucynox 6).

Taknum oOpasom, B pesysbTate NpOBEACHHBIX
UCCJIC/IOBAHMH YCTAHOBIICHO, YTO B3aUMOBJIHSHHS
BBP 1 doTtorpodHbIX MHKPOOPraHH3MOB HENB3s
paccMaTpHBaTh Kak 0/IHO3HAYHO HEraTMBHOE JTH60
nonoxkuTeNbHOe. Kak u3BeCcTHO, B3auMOJCHCTBHE
BUJIOB — 3T0 oOMmen semiecTs ¥ HH(OpMALHM 3a
CYeT BbLICICHHS METabOJHTOB, KOTOPBIC IPAMO
HJIM OTIOCPE/I0BAHHO MOTYT BIHATH Ha POCT M pas-
BUTHE APYrHX oprasnimos. Biaumoneiictene BBP
U (POTOTPODHBIX MHEPOOPranu3IMOB, 00YCIIOBICH-
HOE MX IK30METADOAMTAME, MOKCT Pa3HOHANPAB-
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JICHHO pPEryIupoBaTh HHTCHCHBHOCTH pa3BHTHA
npencrasurenci anpsroduopsl. C 01HO#H CTOPOHBI,
PacTBOPEHHBIC B BOJIC OPraHMYECKHE COCUHCHMUS
MOI'YT €rocoOCTBOBaTh pa3sBHTHIO BOAOPOCIEH,
MO3BOJISISL UM UMM I[HTAThCA, C APYTOH CTOPOHBI,
UMEHHO META0O0JIHTHOE B3aUMOJICHCTBHE BO MHO-
roM OnpejelnseT X B3auMHOE HebiaronpusTHoe
BIIUsHHUE.

Pucynok 6 - Kopuu Pistia stratiotes (a) u
Lemna minor (6)c NpUKpEIUICHHBIMA KJICTKAMH
Ankistrodesmus sp. BI-1, x40 u x90

ITo pesynbrataM HamMx MCCIEAOBAaHHH TNPH
COBMECTHOM BBIDAIMBAHUH KYJILTYPbl MHKPOBO-
J0pOCHIEH ¢ BBICIIMMH BOJIHBIMH PAaCTCHHAMH 3Ha-
YUMBIX OTPHUIATEIBHBIX BIMAHUN MEXIy HHMH HE
Habmozanoce. OnpejienieHo, YTO W3 H3YYCHHBIX
BBICIIMX BOJIHBIX pacTeHHUi cnocoOHOCTE K co-
BMCCTHOMY CYILNCCTBOBAHMIO C IIMaHODaKTepms-
mu Habmonanoce y Pistia stratiotes ¢ KyabTypamu
Phormidium autumnale 1-5 w Anabaena variabilis
RI-5, a M3 M3yd4eHHBIX BHJOB MHKPOBOJOPOCICH
KyAbTYpbl Ankistrodesmus sp. BI-1 n Scenedesmus
quadricauda B-1 MoryT GbITh KOHCOPTAMH BBICIIICTO
BOJIHOTO pacTeHus Pistia stratiotes v N03BoJISET HAM
PEKOMEH/I0BATh €r'0 B IPOLIECCaX OUHUCTKH BOJI pa3-
JIMYHOTO HA3HAYCHHUA OT HOHOB TSKEIIBIX MCTAJLIOB,
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