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[Mousenmnie hororpodbie MITKPOOPTAHN3MET BHOCAT 3HAUNTENLIBIN BRI B (PYHKITMOHITPOBATIIC aHTPOTTOTCHIBIX
JROCHCTEM, ARTUBHO YUYaCTBYA B CaMOOUYMNIIEHUN TTOYBLI lIyTéM HeIocpecTBeHHOro ImorJaoIeHnsa 6]/[Ol‘eHthX JIEMEeHTOB
U CTUMYJISIHAN JIeSITeThHOCTI MIKPOOPTAaHIBMOB-MITHEPAJIN3aTOPOB 3a CUET BBIJIEISEMOTO 1P (DOTOCHHTE3e KUCIOPOJA.
[TpoBefena ornerka BAMAHIA TOATOBPEMEHHOT0 BHECCHIST B TTAXOTHYIO TIOYBY HABO3HBIX CTOKOB CBUHOMEPM Ha BIHIOBOE
pasnoobpasue nmouBeHHbIX (POTOTPOPHBIX MITKPOOPraHn3MoB. B rousax, nojBepsKeHHLIX BO3JEHCTBIIO SRIJIKNX HABO3HBIX
CTOKOB, chOpMUPOBATIACH TPYIIITNPOBKA BUJIOB, TOJIEPAHTHBIX K IAHHOMY BO3JIelicTBIN0. K& 0CHOBY COCTaBIISIOT 3€JIEHbBIE BOJIO-
pocau: Klebsormidium flaccidum, K. nitens, Chlorococcum infusionum, Chlorella vulgaris, 6e3rereporuernast iuamodaKkrepust
Phormidium autumnale, nnaromosas Bogopocas Hantzschia amphioxys. Obinee BuoBoe paznoodpasie Mukpodororpodos
B II0YBE HKCIIEPUMEHTATBHOTO YUacTKa HIKe, 4eM B KouTposie. Roaddurment fRakkapa skcriepuMeHTaIbHOTO 1 KOHTPOJILHOTO
yaacTroB cocrasiser 47,8%. Orcyrersue B cocrane cood1ectBa MITKPohoToTpodoB a30THURCHPYIOMIX IITAH00AKTE P 110 -
Ka3blIBaeT Ha HapyHieHne eCTeCTBeHHOIo MUKPOIeHO3a ITaXOTHBIX ITOYB M BLICOKOE cOoJlepsraHue B 11o4Be asoTa.

Karouesoie crosa: BOJIOpOCIN, ]_[HdIIOGaKTepI’[H, FKUKNEe HaBO3HbIe CTOKN.

Manure runoff impact on soil phototrophic microorganisms
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Soil phototrophic microorganisms (algae, cyanobacteria) play a very important role in functioning of anthropogenic
systems. They take an active part in soil self-purification by directly absorbing biogenic elements, as well as by stimu-
lating the activity of mineralizing microorganisms at the expense of disengaged oxygen. The research was carried out
at a plough field with sod-podzol soil situated near a large pig-breeding farm. Neutralization took place due to natural
microbiological processes during the time of disgorging the liquid fraction in the lagoons. Long-term application of ma-
nure runoff from pig-breeding farms into plough soil had an impact on species diversity of phototrophic microorganisms,
which was considered in the research. Groups of species tolerant to the impact formed in the soil in course of long-term
application of liquid manure fraction. The influence of long-term runoff of manure from pig breeding farms on specious
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diversity of soil phototrophic microorganisms was assessed. In plough soils affected by liquid manure runoff a group of
species tolerant to this impact has formed. Their basis is represented by green algae: Klebsormidium flaccidum, K. nitens,
Chlorococcum infusionum, Chlorella vulgaris, as well as by the heterocyst-free cyanobacteria Phormidium autumnale and
the diatom alga Hantzschia amphioxys. On the surface of plough soil these species make microscopically marked films,
i. e. soil “blooming” takes place. General species diversily of microphototrophs in soil of the experimental site is lower
than that of the control site. Jaccard coefficient of the experimental and control sites of the field is 47.8%. Nitrogen-fixing
cyanobacteria are not represented in the microphototrophic community; it indicates that the natural microcoenosis is

damaged in the plough soils and nitrogen content is high.

Keywords: algae, cyanobacteria, liquid manure runoff.

[Touenmnie pororpodHbIe MUKPOOPTAHN3-
MBI (BOOPOCIHT, TIHAHODAKTEPUT) OTHOCATCS
K YHCJY MePBUYHBIX ITPOYIEHTOB, BHOCAIINX
3HAYUTEbHbBIN BRJIAK B QYHKITMOHWPOBAHIIE
HaszeMHBIX DKocuereM. biarogaps ciiocobHocTn
K OKCUTeHHOMY (poTocuHTe3y U (PUuKcarum ar-
mocdeproro azora, rimanodakrepun (I1B) mpu-
HIMAIOT AKTHBHOE YIACTHE B OMOTCOXMMIUICCKITX
IMUKIAX yriaepoja, azora u gocdopa [1-3], urpa-
10T BASKITYIO POJTH B TOYBOOOPA3OBATEIBHBIX TTPO-
1eccax, crocoOCTBYIOT HOBBITIIEH IO TIJIOI0 PO/
1 TIpefloTBpalleH o ferpagamnun oopadbarsiBae-
MbIX 3emenb [4]. Muorue supst 1B n mukposo-
LOPOCJIeil BBIJICJISIOT B OKPYIRAIONIYIO CPey
(OC) cienunueckne GMOTOTUYCCKI AKTUBHBIE
BeIeCTBA, OKa3bIBAIOTIIE CTUMYJ/THPYIOIee B -
SIHME HA PAa3BUTHE BBICIINX PACTEHUIT, & TAKIKe
BEIEeCTBA, MOJABJIAIONNE PA3BUTHE TOUBEHHBIX
¢uronarorenon [5—7]. B xoze skciiepumenTasib-
HBIX MCCTCIOBAHMIT TTOCTCIHNX JIET YCTaHOBIEHA
criocobmocTh Herorophix [1B merabonmsuposars
TeCTUTINIB T AKKYMYJIITPOBATE TSKETBIC METAT -
abl [8, 9]. CoorBercTBYIONIE ACTIEKTHI KUBHE-
nesrenwsroctn LB mveror 6ombimoe smaverme s
MOJIePKAHUS CYTTPECCUBHOCTH TTOUB 1 3aTIUTHI
OC or 3arpsizuenusi. baarogapst mposiBiaseMbiM
cBoticTBam, 1| b n MmukpoBoOpOCIT HAXO/AT BCE
GoJiee MMPOKOE TIPUMeHeHne B OMOTeXHOJTOT I
1 «3eJEHBIX» TEXHOJIOTUAX BhIPAIUBAHUS U 3a-
MATHI CeTHCKOX03ATCTBeHHBIX RYIBTYp [10-12].

Boasiioe Bausnme ma BUAOBOM cocTaB 1
RoJjimuecTBo rouBeHHbIX [[B 1 MmukpoBoopociieii
OKAa3BIBAET XapaKTep NCITONH30BAHTISA 36 MeTHHBIX
pecypcos [13]. [myboras Tparcdopmariius ecre-
CTBEHHBIX MIKPOOMOTOTIUCCKIX COOOIIECTR I
HapymieHne X yeroimanBOCTN HAOIIOTaeTcs Ha
3eMJISIX CeTbCKOX03sCTBEHHOTO Ha3HAYeHTSI,
MCIOJIL3YEMbIX JIJISI TIPOU3BOJICTBA pacTeHme-
BOIYECKOW M JKNBOTHOBOAYECKON TPOMLYKITIH
[14, 15].

Wurencushast sKcIIyaTars cenbCROX03511 -
CTBEHHBIX YTOUI MPUBOUT K MACIIITAOHOMY X -
MudecKoMy u onosorndeckomy sarpsasuentio OC
pazamunbivMu osrioranTamu [16—18]. Ocobyio
OTIACHOCTD JIJIS TTOUBEHHOW MUKPOOMOTHI TTPe-
CTABJIATOT TMECTUINALI M COJePsRAIImecs B Ha-

BO3e KUBOTHBIX aHTHOMOTHRE. [JisT TOUBEHHBIX
MuKpodoTorpodoB xapakrepHo obpazoBanue
CUMOMOTUYECKNX CBA3CIH ¢ IPYTUMEU MUKPOOP-
ranuamamu. KomIiiekcHoe n cucreMaTuieckoe
BOBJIeIiCTBIE PAa3HOOOPA3HBIX cTpecc-(PaKkTopoB
BHI3BIBAET IETEPMUHUPOBAHHBIE UJIU CTOXA-
CTHYECKIE CJIBUTH B CTATMOHAPHBIX MTPOQUIAX
OTHOCUTETLHOT YMCICHHOCTIT MITKPOOMOTH 0Opa-
OATHIBAEMBIX 3eMeJIh, HAPYITaeT acCoTMaTHBHBIC
cBsi3u [ B 1 MmukpoBopopociieil, xapakTepHbie Ji/ist
@CTeCTBEHHBIX MITKPOOHBIX KoHcopimymos [ 19].
Pabor, mocBAMENHBIX BANAHUIO HaBO3a
CeITBLCROXO03ATCTBOHHBIX KUBOTHBIX 1 HABO3HBIX
CTOKOB JKMBOTHOBOJUCCKIUX TIPEIPUATHI HA
nouBeHHbIe Bofopocan u L[B ymepenubix mmmmpor
o Hacrosiero spemenu memuoro. Gorsacuo
orry0smKoBaHHbBIM taHubIM [20], B cocTaBe asib-
FOTPYITTNPOBOK, TTOJBEPIKEHHBIX JIEHCTBUIO CTO-
ROB, 6110 0OHapyskeno 186 BumoB, oTHOCATITUXCSA
K 6 orgenam. CaMbIMU MHOTOYUCJICHHBIMU 110
ROJIMUECTBY BUJIOB ABJIAINCH 3eIGHBIC BOTOPOCII
n3 nopsara Chlorococcales. B cunbro 3arpss-
HEHHBIX MouBax momunuposanu 1B, 3enénnie
7 9BTIIeHOBBIE Bofopocan. [lo Mepe camooumniie-
HUS TTOYBBI YBEJIMUWBAIOCH BIJI0OBOE paznoodpa-
31e 3eJICHBIX, KETTO3EJIECHBIX W MAaTOMOBBIX BO-
nopocJieit. BorbIIMHETBO 0OHAPYKEHHBIX B ITOUBE
BOJLOPOCJICHT OBLII OOUTATEIIMI RAK ITOJ[BEPKEH -
HOTI BO3/IEHCTBUIO JKUBOTHOBOUCCKUM I CTOKAM I
MOYBBI, TAK W HE3ATPAZHEHHOI 1TOUBBI. OCHOBY
BOJIOPOCJIEBBIX TPYTIITUPOBOK COCTABJISIIN BUJIHI,
BerpeueHHbie B Mmacce: Chlorella minutissima,
Chlorococcum sp., Klebsormidium flaccidum,
Xanthonema exile, Luticola mutica, Nitzschia
palea, Hanlzschia amphyoxys. ¥ craHoBaeHo,
YTO TIOT BIMSAHIEM HABO3HBIX CTOKOB MTPOMCXOIT
moBbIIIeHIe YncaeHHocTn Bogopocsen u 11B.
B nepuoBo-nogzonucroil 3arpsi3sHEHHON HABO3-
HBIMM cTOKaMu mouBe uncaentocts B gocrn-
rasa 65995,5 Teic. K1eToK B 1 1 abconoTHO CyXO0il
MOYBBI [IPU OOIEN yncaeHHOCTH 824240 ThIC.
RJIETOR; He3arpsA3HEHHON — MeHbIne 3,6 ThiC.
npu oo1elt uncaennocT 47,41 oic. kaetok B 11
abcomoTHO cyxoit mouBsl. Ha anbrommanodnopy
MTOUBBI HABO3 CRITHCKOX03AMCTBEHHBIX JKITBOTHBIX
7 HABO3HLIC CTOKM TYOWTEILHOTO AHCTBUSA He
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OKA3BIBAIOT. YBEJMUYEHNE YUCTEHHOCTI BOJLOPOC-
JIeil IPOUCXOJIUT B OCHOBHOM 34 CUET MHTEHCWB-
HOTO Pa3BUTHs ABPUOMOHTHBIX BII0B. Bosopoc-
jqu n 1B akTuBHO yYacTBYIOT B CAMOOUUIIEHU T
MOYBHI TYTEM HETOCPEICTBEHHOTO TOTIOIeHIS
OpFaHI/IIIGCI(I/IX BelllecTs n 6I/IOI‘6HHBIX dJIeMEeH-
TOB, & TAKIKE TTYTEM CTUMYJIATINN eSATeIHHOCTIH
MHUKPOOPTAHM3MOB-MIHEPATIN3ATOPOB 34 CUET
BBIJIEISEMOTO BOTOPOCTAMI KIUCTOPOSIA.

Caemyer OTMeTHTh, YTO aKTYaJbHBIN YPOBEHb
HKCIIePUMEHTANbHBIX TAaHHBIX, XapaKTepusyo-
IIUX BINSHIE CeILCKOX03ANCTBEHHON JeATeIb-
HOCTH HA YCTOUUMBOCTH IOKATBHBIX MITKPOOHBIX
COO0OLILCCTB, SABIACTCS HEeLOCTaTOUHLIM 1 00b-
eKTUBHON OIEHKN BO3BMOMKHBIX puckoB st OC
7 3]J0POBHs uesoBera [21].

[lenn Hacrosteit padboThl COCTOSIA B OT[EHKE
BAMAHWA HA BUOBOE pazHoodpasme MouBeH-
HBIX (OTOTPOPHBIX MUKPOOPTAHN3MOB J[0JITO-
BPEMEHHOTO BHECCHNA B TMaXOTHYIO TePHOBO-
MO30IMCTYIO TIOUBY HABO3HLIX CTOKOB CBUHO-

epwm.
OO0beKTHI 1 METOJIHI HCCJIETOBAHIIS

B kauectBe 00beKTa Mccae0BAHS ObLIO Bbi-
OpaHo MaxoTHOe I0Jie, PACIIOI0KeHHOe BOJIN3N
KPYITHOTO CBTHOBOJIYECKOT0 KoMILierca Kupos-
croit obnacru. [lose ncnonbzoBanoch B KOpMo-
BOM ceBoobopore. [lousa lepHoBo-moji3onmcras
cyrnunucras. B revenue nmocaeHmux 7 et B coor-
BETCTBYIOIILYIO TTATITHIO BHOCUTN 00€3BPEKEHHY IO
muakyio gpaknuio (HHD) cBUHBIX HABO3HBIX
CTOKOB, OTKAUMBAEMBIX 13 TIPY/IOB-HAROIIITEI eI
(taryn). [Ipomece obe3BpeskuBaHms OCYIECT-
BJISIJICS 32 CUET eCTeCTBEHHBIX MUKPOOMOIOTH-
YeCKUX MPOIECCOB B MEPUOJ] BbIEPRUBAHUS
RO B narynax. [lns Baecenust JHO npumensan
Oykcupyemyio niaHroBywo cucremy. Hopmbr
BHECEHUs PacCUYMThIBAIa arpoXmuMuyecKas
caryk0a mpernpusiTusi, UCXOJIs U3 COfleprRaHUs
B tHD azora. CpenmeromoBoe BHeceHme a3ora
¢ fRD cocrasasiio 200 Kr/ra, 410 COOTBETCTBYET
peromeHjryeMbiM HOpMam [22].

Or6op 1Tpod MOUBHI HA TAXOTHOM TI0JIe (DKC-
nmepuMeHTanbHble MPOOBI) IS XUMUUECKNX
" MUKPOOMOJIOTUYECKNX NCCIE0OBAHIIT TPOBO-
nunn B cenrTsiope 2022 1. mocne ybopru yposkas
(kyrypysbl Ha cunoc) B coorBerctsun ¢ 'OCT
P 58595-2019 ¢ cobmopennem crepuabHoCTH,
MpaBuJl ATUKETUPOBAHMS 1 XpaHeHUs MPoo.
Rourponbubie mpodul oTOMpann aHaasornaHo
IKCIepUMeHTanbHBIM Ha paccrosaun 200 m
OT HKCIePUMEHTATBHOTO Y4acTKa Ha OKpamHe
namHu y geca. Mexannueckuii coctTaB dKC-
MePUMEHTATbHBIX U KOHTPOJbHBIX P00 ObLI

OJIMHAKOB — CPeJHNIT CYTTNHOK. XUMUYeCKue
1 MUKPOOMOJIOTHYeCKIe NCCIe0BAHNST OTOOpaH-
HBIX 1TPOO BBITTOTHSIN B CTIETNATN3NPOBAHHBIX
naboparopusx Bsrckoro rocygapcTBeHHOTO
yuuBepcurera. Bunopoii coctaB Bojopociei
OTIPeJIeJISIIIN MeTOIAM K TIPSAMOTO MUKPOCKOTIIPO-
BaHUA ITIOYBHI, HOCTAHOBKOM BOJIHBIX 1 YallIeYHbIX
RYJBTYP €O «cTéraamu odopacranusi» [23]. [Tps-
MO€ MUKPOCKOTIMPOBaHIe MTOBEPXHOCTHBIX pas-
pacTaHuii TO3BOJISIO ONIPEESTH BU/bI, KOTOPbIe
MacCcOBO Pa3BUBAJINCHL HA MOBEPXHOCTH MOYBHI.
WNnryb6arys RyJabTyp TPOBOMIACH ITPU JIHEBHOM
OCBeIIeHNN 1 B JJIIOMUHOCTATE.

Bee skcnepuMeHTanbHbIe HCCAE0OBAHNUS
MPOBOJNIN B TPEXKPATHOI MOBTOPHOCTH.
Cratucrnyeckyo oO6pabOTRY pe3yJibTaToB Bbi-
MOJIHSIJIN CTAHJAPTHBIMI METOJ[AMU C UCITOJIH30-

BaHWMEM BCTPOEHHOTO makrera nporpamm Excel,
STATISTICA 10.

Pesyabrarel n odcysknenne

PesynbraTsl XuMmaeckoro anainsa orodpam-
HBIX TIPOO MOYBHI IpUBeleHbl B Tadauie 1.

Cornacuo npuseaénnbiM B Tadaute 1 pamn-
HBIM, XUMUYECKUIT COCTAB IIPOO MOYBbHI, OTOOPAH-
HBIX Ha TTAXOTHOM T10JIe, CYITIeCTBeHHO OTJIIYaeT-
51 OT XUMUYECKOTO COCTaBA KOHTPOJIBHBIX TTPO0.
Jlnst srenepuMeHTaNIbHBIX TPOO XapakTepHa
GoJiee HIBKAsI KUCJIOTHOCTh, O4€Hb BHICOKOE CO-
mepsRanme oABMKHLIX hopM docdhopa 1 Kaius
u GoJiee BBICOKOE, YeM B KOHTPOJIbHBIX 1P0O0Oax,
cojilepsRafHme OPraHmyeckoro BerecTBa, Mmoj-
BUJKHOW cepbl 1 MUKPOdTeMeHTOB (KpoMme [Fe).

Jlanubie, mosrydeHHbIe B Pe3y/1bTare BhIIIOJI-
HeHUS MUKPOOMOJTOTHYECKNX MCCTeIOBAHMII,
npuBesieHbl B radmnie 2.

B HazeMHBIX TOBEPXHOCTHBIX pa3pacTaHusIxX
MPUHUMAIOT yuacTue ot 9 10 27 nomynsimii (poro-
TpodHBIX MUKpOOpTanun3moB. Bugosoe 6oratcTBo
ororpodHOro KoMILIEKCA MOKET BO3pacTaTh
1pu 6J1arOTPUATHBIX YCJIOBUSIX BIAAHKHOCTI 11 HA-
AU OMOTeHHBIX oeMerToB [24]. BumoBoit co-
CTaB MOBEPXHOCTHBIX pa3dpacTaHuii MUKpogdoTo-
TPOOB SABISETCS MHAMKATMOHHBIM TPU3HAKOM.
B mrénrax «1BeTenns» dKCIePUMEHTATLHOTO
1 KOHTPOJILHOTO YY4aCTKOB BISIBIICHO HEBBICOKOE
BUJIOBOE PazHo0Opasme mouBeHHBIX MUKPODOTO-
tpooB — 12 Busios, B tom uncie: Cyanobacteria —
1, Chlorophyta — 7, Bacillariophyta — 3,
Xhantophyta — 1. Ha sxcmepumentaibHoM
ydacTKe BbIsSIBIEHO 9 BUIOB, HA KOHTPOJIHHOM —
12. JlomuHaHTaMu «IBeTeHUsI» DKCIEPUMEH-
TATLHOTO YUaCTKA SABJISIINCH HUTYATHIE 3€IEHbIe
Boptopocau: Klebsormidium flaccidum, K. nitens,
K. rivulare, pazBuBaionimecsi B 1aXOTHBIX U I1e-
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Ta6auma 1 / Table 1

Xumnueckuii cocran moussl / Chemical composition of soil

[Toraszarenn Suauenne norazaress / Index value Metrop ananusa
Index DKCIEePUMeHT KOHTPOJIb Analysis method
experiment control
pH., en. pH 5,4+0,2 4,1+0,2 I'OCT 26483-85
pH,., pH unit GOST 26483-85
Opramunueckoe BerecTso, % 3,0+0,5 2,0+0,4 I'OCT 26213-91
Organic matter, % GOST 26213-91
Azor (NO,"), mr/kr 2,9+0,8 1,2+0,5 I'OCT P 53219-2008
Nitrogen (NO,"), mg/kg GOST P 53219-2008
Azor (NH,"), mr/kr 2246 175
Nitrogen (NH,"), mg/kg
Ca 0OMeHHBIT, MT /KT 9,4+0,9 7,5+0,6 I'OCT 26487-85
Ca exchangeable, mg/kg GOST 26487-85
P,O, nopsuskumlii, mr/kr 960+180 12018 I'OCT P 54650-2011
P,0, mobile, mg/kg GOST P 54650-2011
K,0 obmenmnwprit, Mr/kr 64590 136+29
K,0 exchangeable, mg/kg
Cepa nopBusKHAs, MT/KD' 9,4+ 25 3,0+1,0 I'OCT 26490-85
Sulfur mobile, mg/kg GOST 26490-85
Fe mogsmkuoe, MT/KT 21+5 35+5 AToMHO-a0COPOIMOHHBII
Fe mobile, mg/kg mo ®P 1.31.2018.31189
Cu nopBusKmas, Mr/Kr 1,8+0,5 1,6%0,5 Atomic absorbing
Cu mobile, mg/kg according to
7N MOBUSKHBIN, MT/KT 7,9+2.5 2,5+0,6 FR 1.31.2018.31189
7Zn mobile, mg/kg
Mn mopBWRHBII, MT/KT 132130 13,4+0,5
Mn mobile, mg/kg

Taommma 2 / Table 2

Bujosoe paznoodpazue MurpodororpodosB B IOBEPXHOCTHBIX pa3pacTaHusix
Species diversity of microphototrophs in surface spreads

Ne / No. ‘ Orpennl, Bujbl / Groups, species ‘ 1 ‘ 2
Cyanobacteria
1 ‘Phormidium autumnale (Ag.) Gom. ‘ + ‘ +
Chlorophyta
2 Chlorella minutissima Fott et Novakova — +
3 C. vulgaris Beijer. + +
4 Chlamydomonas gloeogama Korsch. in Pasch. - +
) Klebsormidium nitens (Menegh. in Kitz.) Lokh. + +
6 K. flaccidum (Kiitz.) Silva et al. + +
7 K. rivulare (Kiitz.), comb. nova + +
8 Follicularia paradozalis Miller - +
Bacillariophyta
9 Navicula pelliculosa (Breb.) Hilse + +
10 Pinnularia intermedia Lagerst. + +
11 Hantzschia amphioxys (Ehr.) Grun. in Cleve et Grun. + +
Xhantophyta
12 Bumilleriopsis brevis (Gern.) Printz + +
Bceero Bupios / Total number of species 9 12

Ipunewanue: 1 — srcnepunenmanvrolil yeacmok; 2 — KORMPOLbHBLIL YULACMOK, «—» — omcymemaue suda.

Note: 1 — the experimental site, 2 — the conlrol si

«

te; “—

— absence of the species.
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Tadomuma 3 / Table 3

Buposoe paznoobpasne ambrornuatnodIopsl B I0CeBaX KYKYPY3bl
Species diversity of algocyanoflora in corn crops

No / No. ‘ Orpennt, Busibl / Groups, species 1 2
Cyanobacteria
1 Phormidium autumnale (Ag.) Gom. + +
2 Leptolyngbya foveolarum (Rabenh. et Gom.) Anagn. et Kom. - +
3 L. boryana (Gom.) Anagn. et Kom. - +
Chlorophyta
4 Actinochloris sphaerica Korsch. - +
b} Bracteacoccus minor (Chodat) Petrova - +
6 Chlorella minutissima Fott et Novakova + +
7 C. vulgaris Beijer. + +
8 Chlamydomonas gloeogama Korsch. in Pasch. + +
9 C. minutissima Korsch. in Pascher + +
10 Chlorococcum infusionum (Schrank) Menegh. + +
1 Klebsormidium nitens (Menegh. in Kitz.) Lokh. + +
12 K. flaccidum (Kiitz.) Silva et al. + +
13 K. rivulare (Kiitz.), comb. nova - +
14 Pseudococcomyzxa simplex (Mainx) Fott + -
15 Tetracystis aggregata Brown et Bold + +
Bacillariaphyta
16 Navicula pelliculosa (Breb.) Hilse + -
17 Luticola mutica (Kiitz.) Mann in Round et al. + —
18 Pinnularia intermedia Lagerst. + +
19 P. borealis Ehr. - +
20 Hantzschia amphioxys (Ehr.) Grun. + +
Xanthophyta
21 Pleurochloris pyrenoidosa Pasch. - +
22 Xanthonema exile (Klebs) Silva - +
Eustigmatophyta

23 FEustigmatos magnus (B. Petersen) Hibberd - +
Bceero sunos / Total number of species 13 19

Ipunewanue: 1 — srcnepumnenmarvrovlic yuacmok; 2 — KORMPOALHLLI YLACMOK, «—» — Omcymcemeue suda.

«

Note: 1 — the experimental site, 2 — the control site;

JUHHBIX [10YBaX PernoHa u B 110YBAX, UCIHbITHI-
BAIOMMX TEXHOTEHHYIO HArpys3ry. B moBepx-
HOCTHBIX pa3pacranusix Oblia oTMedeHa Oearere-
pouctast [1B Phormidium autumnale, rarske
MUPOKO PACTIPOCTPAHEHHBIN W TOTEePAHTHBI
K aHTpoInorennoil narpyske suj. Ha ronrposs-
HOM yYacTKe JJOMITHAHTAMI COOOIECTB SABIAINCH
genénnie Bojlopocan: Chlorella minutissima,
Chlorococcum infusionum, Klebsormidium flac-
cidum, K. nitens n 1B Phormidium autumnale.
Roadppurnmenr yHakkapa nmokaspiBaer BbICOKOE
CXOJICTBO JIOMUHUPYIOMUX BUIOB B MJIEHKAX
«aBerenus» (75%).

[Tpu mocraHOBKe YateyHbIX 1 BOJHBIX KYJIBTYP
Ha 000MX ydacTKax BbisiBIeHA OoJiee pazHooOpas-
Has anbromuanodaopa (tadn. 3). Io yncry Bujgos
TaKIKe TPe0d a1 3eI6HbIE BOTOPOCIII, TIPU HTOM
He Obu otMeuenbl azorurcupyioriue {5, 3a-

— absence of the species.

BepIAOIIIe Ce30HHYI0 CYKIIECCUIO HA TTAXOTHBIX
JIePHOBO-TIO30ANCTIX 1ouBax. OcenHee «iBeTe-
HUEe» TTaXOTHBIX JIEPHOBO-TIO/BOJIMCTHIX 110YB, HE
TIOJ[BEPsKEHHBIX BO3JIETICTBITO B KAUeCTBE Y100 peHst
JKUBOTHOBOTYECKUME CTORAMIU, XapaKTepu3yercs
maccoBbiM pazpuruem 1IB ¢ momunupoBanuem
a30TPUKCHPYIONNX BUIOB 13 pojioB Anabaena,
Cylindrospermum, Nostoc, Tolypothrix [25].

[TpakTuueckn, kar u 30 ner nasan [20],
OCHOBY COBPEMEHHBIX I'PYIITTHPOBOK BOLOPOCIEIT
cocrasasian Bubl: Chlorella minutissima, Chlo-
rococcum infusionum, Klebsormidium flaccidum,
K. nitens, Xanthonema exile, Luticola mutica,
Hanlzschia amphyoxys.

Roappunment fRaxkapa sxcriepumenrtasib-
HOTO 1 KOHTPOJBHOTO YYaCTKOB COCTABJsIET
47,8%, uro yKaszbiBaeT Ha YyMePeHHOe CXOJCTBO
albroruanoop.
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3arinoyeHue

B maxoTHBIX MOuBax, MCIBITHIBAIOINX
AJanTeJIbHOE BJAMNAHINE BHOCUMbBIX B KauecTBe
yo0peHus: sJKUBOTHOBOJIUECKUX CTOKOB, cop-
MWUPOBATACH TPYNTINPOBKA BUOB, OCHOBY KO-
TOPOT COCTABIAIOT HUTYATHIC T OFHOKICTOUHHIE
3eJI6HBIE BOOPOCJIH, TOJEPAHTHBIC K BHICOKIM
N03aM a30THBIX yiodpenuii. OrcyrerBie B cocTaBe
cood1IecTs MUKPOPoToTpodoB a30THUKCHPYIO-
X [IAHOOARTEPUIA, 3aBEPIIAIOIIIX CE30HHYIO
cyrteccuio GoToTpoPHBIX MUKPOOPTAHU3MOB
B IIAXOTHBIX TIOYBAX, ABJIAETCA HHIAMKATOPOM Ha-
PYUIEHUS €CTECTBEHHbBIX ITOUBEHHBIX TTPOIECCOB.

Pabdoma evinoanena 6 pamkax eocydapcmaeen-
noeo 3adanus U6 OUI| Komu HI] YpO PAH no
meme «Cmpykmypa w cocmosnue KOMROHEHIMNO08
MEXHOCHHBLY IKOCUCTNEM NOA3OHBL I0JCHOLL Maileiy,
Homep 2ocydapcmeennoii peeucmpayuu ¢ EI'UCY
Ne 1220401000325.

Jlureparypa

1. runa J.A. lTlouBentbie BOLOPOCHT KaK DKOIO-
rmdeckne uuapguKatopsl // Borammueckunit skypuan. 1990.
T.75. No 4. C. 441-453.

2.CsotonyiJ. T., SwiderskilJ., Stackebrandt E., Yurkov V.
A new environment for aerobic anoxygenic phototrophic
bacteria: biological soil crusts // Environmental Microbiol-
ogy Reports. 2010. V. 2. No. 5. P. 651-656.

3. Mukherjee C., Chowdhury R., Ray K. Phosphorus
recycling from an unexplored source by polyphosphate
accumulating microalgae and cyanobacteria — A step to
phosphorus security in agriculture // Frontiers in Micro-
biology. 2015. V. 6. Article No. 1421.

4. Mutale-Joan C., Sbabou L., Hicham E.A. Micro-
algae and cyanobacteria: how exploiting these microbial
resources can address the underlying challenges related to
food sources and sustainable agriculture: a review // Jour-
nal of Plant Growth Regulation. 2023. V. 42. No. 1. P. 1-20.

5. Prasanna R., Sood A., Jaiswal P., Nayak S., Gupta V.,
Chaudhary V., Joshi M., Natarajan C. Rediscovering cyanobac-
teria as valuable sources of bioactive compounds (review) //
Appl. Biochem. Microbiol. 2010. V. 46. No. 2. P. 119-134.

6. Shah S.T., Basit A., Ullah I., Mohamed H.I. Cya-
nobacteria and algae as biocontrol agents against fungal
and bacterial plant pathogens // Plant Growth-Promoting
Microbes for Sustainable Biotic and Abiotic Stress Man-
agement / Eds. H.I. Mohamed, H.E.-D.S. El-Beltagi,
K.A. Abd-Elsalam. Springer, 2021. P. 1-23.

7. Tan C.Y., Dodd I.C., Chen J.E., Phang S.M., Chin C.F.,
Yow Y.Y., Ratnayeke S. Regulation of algal and cyano-
bacterial auxin production, physiology, and application in
agriculture: an overview // Journal of Applied Phycology.
2021. V. 33. No. 5. P. 2995-3023.

8.Singh H., KhattarJ.S., Ahluwalia A.S. Cyanobacteria
and agricultural crops // Vegetos. 2014. V. 27. No. 1. P. 37-44.

9. Garcia-Galan M.J., Monllor-Alcaraz L..S., Postigo C.,
Uggetti E., Lopez de Alda M., Diez-Montero R., Garcia J.
Microalgae-based bioremediation of water contaminated by
pesticides in peri-urban agricultural areas // Environmen-
tal Pollution. 2020. V. 265. Article No. 114579.

10. Gongalves A.L. The use of microalgae and cya-
nobacteria in the improvement of agricultural practices:
areview on their biofertilising, biostimulating and biopes-
ticide roles // Applied Sciences. 2021. V. 11. No. 2. Artic-
le No. 871.

11. Renuka N., Guldhe A., Prasanna R., Singh P.,
Bux F. Microalgae as multi-functional options in modern
agriculture: current trends, prospects and challenges //
Biotechnology Advances. 2018. V. 36. No. 4. P. 1255—-1273.

12. Dineshkumar R., Kumaravel R., Gopalsamy J.,
Sikder M.N.A., Sampathkumar P. Microalgae as bio-
fertilizers for rice growth and seed yield productivity //
Waste and Biomass Valorization. 2018. V. 9. P. 793-800.

13. Manoharan L., Kushwaha S.K., Ahrén D., Hedlund K.
Agricultural land use determines functional genetic di-
versity of soil microbial communities // Soil Biology and
Biochemistry. 2017. V. 115. P. 423-432.

14. Crouzet O., Consentino L., Pétraud J.P., Marrauld C.,
Aguer J.P., Bureau S., Le Bourvellec C., Bérard A. Soil
photosynthetic microbial communities mediate aggregate
stability: influence of cropping systems and herbicide use
in an agricultural soil // Frontiers in Microbiology. 2019.
V. 10. Article No. 1319.

15. Chaer G., Fernandes M., Myrold D., Bottomley P.
Comparative resistance and resilience of soil microbial
communities and enzyme activities in adjacent native for-
est and agricultural soils // Microbial Ecology. 2009.
V. 38. P. 414-424.

16. IMuaun JI.B., Coipunna H.B., Kossonun B.A.,
Rosesarsix E.I1., Amuxmuna T.A., Cazanos A.B. buo-
JOTHUECKOEe 3arpsA3HeHe MaX0THBIX 3eMeJb 0TX0/aM I
csuroBojicTBa // Teoperndeckast it MpURIATHAS HKOTOTHSI.
2022. N 3. C. 199-205.

17. Corpunma H.B., Hunnn JI.B., Amuxvuma T.f1.
Xumnueckas jlerpajialius 3emMe/b M0ji Bo3JelicTBieM or-
X0J10B sKUBOTHOBOCTBA // Teopernueckasi n npukiajHas
srosorms. 2022, Ne 3. C. 219-225.

18. unnn JI.B., Ceipunna H.B., Kysuenos JI.A. tHu-
BOTHOBOJ[UECKITE KOMILTEKCHI KAK NCTOYHIKIL 3arPsI3HeH U5
oKRpysratoreil cpenbl TsréapiMu Metaaiamu (Cu, Zn) //
IMpunnuner skonorum. 2023. T. 12, Ne 1. C. 89-96.

19. Rocca J.D., Simonin M., Blaszczak J.R., Ernako-
vich J.G., Gibbons S.M., Midani F.S., Washburne A.D. The
microbiome stress project: toward a global meta-analysis
of environmental stressors and their effects on microbial
communities // Frontiers in Microbiology. 2018. V. 9.
Article No. 3272.

20. Magsimesa O.A. GopmupoBanne axbrorpyInm-
POBOK Ha MM0OYBAX, 3aTPSA3HEHHBIX JKIBOTHOBOUECKIIMU

195

Teopernueckas u npuriaagaas sroaorusi. 2023. Ni 2 / Theoretical and Applied Ecology. 2023. No. 2




HMOYJIANNMOHHAS OROJIOT A

196

crokamu // MUKpoOOpPraHuaMbl B CeJIbCKOM XO3STiCTRE:
Tpynwt ormnagos [V Beecotosnoit nayunoii kondepeniiin.
[Tymumo, 1992. C. 123.

21. Beattie R.E., Bandla A., Swarup S., Hristova K.R.
Freshwater sediment microbial communities are not
resilient to disturbance from agricultural land runoff //
Frontiers in Microbiology. 2020. V. 11. Article No. 539921.

22. Tpyxaues B.U., 3noigaes H.3., Sasipmesa P.M. [1po-
U3BOJICTBO 1 MCIIOIb30BAHNE OPTaHIYecKUX yaoopeHuii //
Becruur AITH Craspormodabs. 2015. Ne 2. C. 120-131.

23. Hltuna 9.A., Nosrepbax M. M. 9xosorus nmousen-
1bix Bostopocaeit. M.: Hayka, 1976. 144 c.

24. J[lompauesa JI.I. «I1Bererue» moussl 1 3akonoMep-
noctu ero passnrud. Ceikreiskap: Romn HIL YpO PAH,
2005. 336 c.

25. Rouparosa JI.B., Rucaumnpina A.1l. «llBerernues»
MTOYBHI B BAPMAHTAX TIOJIEBOTO OTBITA IO TPABOCMEcsTMn //
IKOJOTHST POIIHOTO KPast: TPOOTEMBI I ITYTH FX PEITeHTIsT: Ma-
repuaibl XV Beepoccniickoil HAy4HO-TTPaKTHYECKOM KOH-
depentm ¢ MesRIyHApOAIBIM yaactuem. Kimra 2. Kipos:
Bsirckuii rocypapersennsiii yanpepceurer, 2020. C. 62-67.

References

1. Shtina E.A. Soil algae as ecological indicators //
Botanicheskiy Zhurnal. 1990. V. 75. No. 4. P. 441-453
(in Russian).

2. Csotonyil.T., SwiderskiJ., Stackebrandt E., Yurkov V.
A new environment for aerobic anoxygenic phototrophic
bacteria: biological soil crusts // Environmental Mi-
crobiology Reports. 2010. V. 2. No. 5. P. 651-656.
doi: 10.1111/§.1758-2229.2010.00151.x

3. Mukherjee C., Chowdhury R., Ray K. Phosphorus
recycling from an unexplored source by polyphosphate
accumulating microalgae and cyanobacteria — A step to
phosphorus security in agriculture // Frontiers in Mi-
crobiology. 2015. V. 6. Article No. 1421. doi: 10.3389/
fmich.2015.01421

4. Mutale-Joan C., Sbabou L., Hicham E.A. Micro-
algae and cyanobacteria: how exploiting these microbial
resources can address the underlying challenges related
to food sources and sustainable agriculture: a review //
Journal of Plant Growth Regulation. 2023. V. 42. No. 1.
P. 1-20. doi: 10.1007 /s00344-021-10534-9

9. Prasanna R., Sood A., Jaiswal P., Nayak S., Gupta V.,
Chaudhary V., Joshi M., Natarajan C. Rediscovering cyanobac-
teria as valuable sources of bioactive compounds (review) //
Appl. Biochem. Microbiol. 2010. V. 46. No. 2. P. 119-134.
doi: 10.1134/S0003683810020018

6. Shah S.T., Basit A., Ullah I., Mohamed H.I.
Cyanobacteria and algae as biocontrol agents against
fungal and bacterial plant pathogens // Plant Growth-
Promoting Microbes for Sustainable Biotic and Abiotic
Stress Management / Eds. H.I. Mohamed, H.E.-D.S. El-
Beltagi, K.A. Abd-Elsalam. Springer, 2021. P. 1-23.
doi: 10.1007/978-3-030-66587-6_1

7. Tan C.Y., Dodd I.C., Chen J.E., Phang S.M., Chin C.F.,
Yow Y.Y., Ratnayeke S. Regulation of algal and cyano-
bacterial auxin production, physiology, and application in
agriculture: an overview // Journal of Applied Phycology.
2021. V. 33. No. 5. P. 2995-3023. doi: 10.1007/s10811-
021-02475-3

8. Singh H., Khattar J.S., Ahluwalia A.S. Cyanobac-
teria and agricultural crops // Vegetos. 2014. V. 27. No. 1.
P. 37-44. doi: 10.5958/j.2229-4473.27.1.008

9. Garcia-Galan M.J., Monllor-Alcaraz L..S., Postigo C.,
Uggelli E., Lopez de Alda M., Diez-Montero R., Garcia J.
Microalgae-based bioremediation of water contaminated
by pesticides in peri-urban agricultural areas // Envi-
ronmental Pollution. 2020. V. 265. Article No. 114579.
doi: 10.1016/j.envpol.2020.114579

10. Gongalves A.L. The use of microalgae and cya-
nobacteria in the improvement of agricultural practices:
areview on their biofertilising, biostimulating and biopes-
ticide roles // Applied Sciences. 2021. V. 11. No. 2. Artic-
le No. 871. doi: 10.3390/app11020871

11. Renuka N., Guldhe A., Prasanna R., Singh P.,
Bux F. Microalgae as multi-functional options in modern
agriculture: current trends, prospects and challenges //
Biotechnology Advances. 2018. V. 36. No. 4. P. 1255-1273.
doi: 10.1016/j.biotechadv.2018.04.004

12. Dineshkumar R., Kumaravel R., Gopalsamy J.,
Sikder M.N.A., Sampathkumar P. Microalgae as bio-
fertilizers for rice growth and seed yield productivity //
Waste and Biomass Valorization. 2018. V. 9. P. 793-800.
doi: 10.1007/s12649-017-9873-5

13.Manoharan L., Kushwaha S.K., Ahrén D., Hedlund K.
Agricultural land use determines functional genetic di-
versity of soil microbial communities // Soil Biology and
Biochemistry. 2017. V. 115. P. 423-432. doi: 10.1016/j.
s0ilbi0.2017.09.011

14. Crouzet O., Consentino L., Pétraud J.P., Marrauld C.,
Aguer J.P., Bureau S., Le Bourvellec C., Bérard A. Soil
photosynthetic microbial communities mediate aggregate
stability: influence of cropping systems and herbicide use
in an agricultural soil // Frontiers in Microbiology. 2019.
V. 10. Article No. 1319. doi: 10.3389/fmicb.2019.01319

15. Chaer G., Fernandes M., Myrold D., Bottomley P.
Comparative resistance and resilience of soil microbial
communities and enzyme activities in adjacent native forest
and agricultural soils // Microbial Ecology. 2009. V. 58.
P. 414-424. doi: 10.1007 /s00248-009-9508-x

16. Pilip L.V., Syrchina N.V., Kozvonin V.A., Ko-
levatykh E.P., Ashikhmina T.Ya., Sazanov A.V. Biologi-
cal pollution of plough soils with pig-breeding wastes //
Theoretical and Applied Ecology. 2022. No. 3. P. 199-205
(in Russian). doi: 10.25750/1995-4301-2022-3-199-205

17. Syrchina N.V., Pilip L.V., Ashikhmina T.Ya.
Chemical degradation of soil under the impact of farm
animal waste // Theoretical and Applied Ecology. 2022.
No. 3. P.219-225 (in Russian). doi: 10.25750/1995-4301-
2022-3-219-225

Teoperuueckast u npurnaguas sroaorusi. 2023. Ne 2 / Theoretical and Applied Ecology. 2023. No. 2



HOIIYJIAIIMOHHAA OROJIOTA

18. Pilip L.V., Syrchina N.V., Kuznetsov D.A. Livestock
breeding complexes as a sources of pollution of the environment
with heavy metals (Cu, Zn) // Ecology Principles. 2023. V. 12.
No. 1. P.89-96 (in Russian). doi: 10.15393/j1.art.2023.13182

19. Rocca J.D., Simonin M., Blaszezak J.R., Ernakov-
ich J.G., Gibbons S.M., Midani F.S., Washburne A.D. The
microbiome stress project: toward a global meta-analysis of
environmental stressors and their effects on microbial com-
munities // Frontiers in Microbiology. 2018. V. 9. Article
No. 3272. doi: 10.3389/fmich.2018.03272

20. Malysheva O.A. Formation of algo-groups in soils
polluted with liquid farm animal wastes // Microorganisms
in agriculture: Doklady I'V Vsesoyuznoy nauchnoy konfer-
encii. 1992. P. 123 (in Russian).

21. Beattie R.E., Bandla A., Swarup S., Hristova K.R.
Freshwater sediment microbial communities are not
resilient to disturbance from agricultural land runoff //

Frontiersin Microbiology. 2020. V. 11. Article No. 539921.
doi: 10.3389/fmich.2020.539921

22. Trukhachev V.I., Zlydnev N.Z., Zlydneva R.M.
Production and use of organic fertilizers // Agricultural
Bulletin of Stavropol Region. 2015. No. 2. P. 120-131 (in
Russian).

23. Shtina E.A., Gollerbach M.M. Soil algae ecology.
Moskva: Nauka, 1976. 144 p. (in Russian).

24. Domracheva L.1. Soil “blooming” and the laws of
its development. Syktyvkar: Komi NTs UrO RAN, 2005.
336 p. (in Russian).

25. Kondakova L.V., Kislitsyna A.P. Soil “blooming”
in variants of a field experiment under grass mixtures //
Ecology of the native land: problems and ways of their
solving: Materyaly XV Vserossiyskoy ¢ mezhdunarodnym
uchastiem nauchno-prakticheskoy konferentsii. 2020.
P.62-67 (in Russian).

197

Teopernueckasi n npuriagnas sxoaorust. 2023. Ne 2 / Theoretical and Applied Ecology. 2023. No. 2




