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VYBenuuenne  00bEeMOB  JOOBIYM,  TPAHCIOPTUPOBKH M TepepaboTku  HEPTH
COIIPOBOXKJIAIOTCS KPATHBIM YBEJIMYCHUEM HE(TIHBIX 3arpsi3HEHUH
CamMoouHIIeHHEe W CAaMOBOCCTAHOBJIEHHE MOYBEHHBIX He(Te3arpsA3HEHHBIX 3KOCHUCTEM,
IpeCTaBIsieT COoOOH MHOTOCTQAMUHBIA OMOT€OXMMHUYECKHH mpoliecc TpaHCcPopMaluu
3arpA3HSIONINX BELIECTB, CONMPSDKEHHBIX CO CTaAWWHBIM BOCCTAHOBIEGHHEM OmomeHo3a. (s
pPa3IMYHBIX TPUPOJHBIX 30H JJIMTEIBHOCTh OTICIBHBIX CTaJWil 3TOro mporecca pasiudHa (OT
HECKOJIbKMX MECSIEB JI0 HECKOJBKUX JECSATKOB JI€T), YTO CBA3aHO B OCHOBHOM C ITOYBEHHO-
KJIMMaTHYECKUMH yCIOBUSAMU. BosbIiioe BIUsSHUE OKa3bIBaeT cOCTaB HePTU U HEPTEIPOAYKTOB,
HavyaJbHas KOHIICHTpAIMs 3arps3Hsomux BeniecTB. CKOpoCcTh Onomerpafanui HeTH 3aBUCHT
OT MHTEHCHUBHOCTH COJIHEYHOTO CBETa, KOHLEHTPAIMM OHWOTEHHBIX 3JIEMEHTOB, TEMIIEpPaTypHl,
JIaBIICHNSA, KOHIGHTPAlMM KHCJIOPOJA, TEHETHYECKHUX PEryJsATOPHBIX MEXaHU3MOB,
HaJlU4Us U aKTUBHOCTHIO OECIIO3BOHOUHBIX )KUBOTHBIX.

Mexanndyeckue W (pU3NYECKHE METOABI, XOTS M YCKOPSAIOT Pa3iIoKeHHEe HEePTH U
HEPTENPOAYKTOB, HE MOTYT OO0ECIEeYUTh WX TIOJHOTO YJAJEHUS U3 I[OYBBI, a MPOIECC
€CTECTBEHHOTO PA3JIOKEHUS 3arpsA3HEHHI B MMOYBAX YPE3BBIUAHHO JUTUTEIICH.

Takum oOpa3oM, ycHemIHOE BOCCTaHOBIEHHE TIOYBHI MpH MONAJaHUUM B Hee
YTJIEBOJOPOJOB OCHOBBIBACTCS TOJBKO HAa KOMITJICKCHBIX TEXHOJIOTHSAX.

I[Ipu mnpoBeneHuun OUOpPEMEOUAIIMOHHBIX pabOT  HUCHOJB3YyeTCs  psAl  CIOCOOOB
CTUMYJTHPOBAHUS MHUKPO(DIOPHI 3arps3HeHHbIX 3emenb [1, 2, 3,]. B o0mem cirydae BbIAEIAIOTCS
JIBa TI0JIX01a - o0ecreyeHne OJIaronpusATHBIX YCIOBUHN AJIs pa3BUTUS aOOpUTeHHOW MUKPO]IIOPHI,
B TOM 4YHCIE, YIJIEBOAOPOAOKUCIAIONMX MHUKPOOPTaHW3MOB, M BHECCHHE CIICIIHAIBHBIX
MHUKpPOOHBIX TpPENapaToB Ha OCHOBE CEJICKTUBHO IOJYYEHHBIX MTaMMOB. OCHOBaHHMEM IS
IPEUIOKEHHSI TOTO MM MHOTO PEIIEHHs 4acTO CIyXKaT JAaHHBIE O MOJIOKUTEIBHBIX d(PdeKTax,
MOJyYEHHBIX B JKCHEPUMEHTAX HJIM MPHU MPOBEACHUH OTIEIbHBIX MOJEBBIX padboT. Toiabko B
HEMHOTHX paboTax OTMEYaeTcsl, YTO MIHUPOKO MPUMEHSEMBbIC U PEKJIAMUPYEMbIe MEPOIPUATHUS HE
BCEr/a JaloT MOJIOKUTEIbHBINA pe3ynbTar. [lpn Hanmuuuu OONMBLIOrO CHEKTpa MpenoKeHUH He
MEHBIINH HMHTEpPEC HWMEIOT MAaHHBIE O COOTHOIICHHM BIMSHUS M OTPHLATENBHBIX A(QeKTax,
KOTOpBIE  JAIOT  pa3iIMyHbIe CIOCOOBI O ICPKAHUS YTIIEBOJOPOIOKUCIISIOMINX
MHKPOOPTaHU3MOB B HAapyIICHHBIX NMOoYyBax. B maHHOW paboTe CpaBHUBAIOTCS TPAJUIHOHHEIC
crocoObl OnopemMenuanuy HeTe3arpsa3HEeHHbBIX MOYB IIPU NPOBEIEHUU padOT Ha OJJHOM OOBEKTE.
B wactHoCTH, aHanmu3mpyercs AEHCTBHE WHTPOMYKIMH MHKPOOPTaHM3MOB, W3BECTKOBAHHSA H
MOJIUMEPHOTO CTPYKTYpoOoOpazoBaTeisi MOYBBI HAa aOOPHUIE€HHBIE YIJIEBOJOPOIOKUCIISIONINE
MHKPOOPTaHU3MBl TPU OTCYTCTBHH OTPAaHHYEHHS DPa3BUTHA MHKPOQIIOPH MO a30THOMY H
dbochopHOMY MUTAHUIO 3a CUCT BHECEHUS ynoOpenuii[4, 5].

AHanu3 BIMSHUSA PA3IMYHBIX CIIOCOOOB OOpabOOTKHM 3arpsi3HEHHOW HEPThIO TOYBHI Ha
pa3BuTHEe aOOPUTEHHOHM MHUKPOQIIOPHI MPOBOAMIM HA ONBITHBIX IOJEBBIX IUIOMAAKAaX Ha
nonurone COVY B n. KybekoBo. 3arpsi3HeHHass TEPPUTOPHS pacioyiaraeTcs y3Kou MmoJocoi BIOJb
IIEPECHIXAIOLIEr0 pydbs, Ha KOTOPOM MpeolsafaloT TEMHO-CEpble ONOJ30JIEHHbIE OOJOTHUCTO-
TophsiHHBIE TTOYBBI. 110 BBICOTE OIBITHBIE YYAaCTKU PACIOJIOKEHBI HM)KE MECTa pas3inBa He(TH,
[I09TOMY YPOBEHb 3arpsi3HEHHUs MOYBBI B IEPUOJ IKCIepUMeHTa Konebancs ot 96,75 r/kr mo



167,18r/kr B Teuenue netHero cezona 2002roma. B pesynbrate pocT MOYBEHHON MHUKPOQIOPHI
MPOUCXOIUII B YCIIOBUSIX MPOIOIKAIOIIETOCS TOCTYIUICHUSI He(DTH.

HabGmrogenuss mpoBoauiaud B mepuod Mal - OKTAOpPh. UM HIOHb CIEIYIOIIETO rojia Ha
IMIOMaKaX pasMepoM 25 M?, KOTOpble 00paGaThIBATHCh 3-Ms CIIOCOOAMH - HWHTPOAYKIHS
YTJIEBOJOPOAOKHUCIISIONIMX MUKPOOPTraHU3MOB, BHECEHHME Meja U CTPYKTypooOpa3oBaTes
MOoYBbl. B TOUYBY OMBITHBIX YYacCTKOB BHOCHJIM JBa THUIA KYIbTYp - CMeCh a0OpHTEeHHBIX
MUKPOOPTaHU3MOB, BBIIEJIEHHBIX M3 IMOYBBl ONBITHOTO Yy4YacTKa M  BBIPAIEHHBIX B
HAKOIMUTEJIILHOM peXHMe Ha MUHepaibHo-colieBol cpene (MCC) ¢ HedThIO, KyIbTypa OakTepuit
Pseudomonas putidaPseudomonas Spp3 yCcTaHOBKH OYMCTKH CTOYHOM BOJIBI ITPOU3BOJICTBA
beHon-GopmManbaeTUIHBIX CMOT.

B mMomenT oT60pa mpo6 u3MepsIu TeMIepatypy MOYBbl Ha TTOBEPXHOCTH, Ha TIIyOMHE 5
cMm u 18 cMm. Coneprxkanue HepTH B TOUBE HA OMBITHBIX TUIOMIaAKaxX onpeaensiu Ha K-
CHEKTPOMETpPE TIOCNIe HDKCTPAKLUWUU YETBIPEXXJOPUCTHIM yriaepoaoM. KHCIOTHOCTh MOYBBI
n3Mepsuii Ha pH-meTpe. BiiaxxHOCTE ompeensiii BECOBBIM METOJIOM.

Jnst ydera 4YMCIEHHOCTHM MHUKPOOPTraHM3MOB HCIIOJIb30BAM JIBA METOJa. IIOCEB B
MHOTOCJIOMHBIA arap M METOJ| MPEeIbHBIX pa3BEJECHUN C BBICEBOM Ha arapu3OBaHHYIO Cpeiy.
UucieHHOCTh MHUKPOOPTAaHU3MOB TMEPECUUTHIBAIM HAa CyXOMl Bec TMOuYBbl. BrigeneHue
reTepoTpOoPHBIX MUKPOOPTAaHU3MOB IMPOBOJAMIIN HA TMIENITOHHOM arape. Y TJIeBOA0POTOKHUCIISIONINE
MukpoopranusMbl Beiaensin Ha MCC crnenyromero cocraBa (r/m): KNOsz - 4; KH,PO4- 0.6;
NagHPQ - 1.4; MgSQ- 0.4; arap - 20,pH 7.2-7.3 .B xauecTBe HCTOYHHMKA yTJIEpOJia B CPEdy
BHOCHII 2 Mut/1T ToBapHo# HedTH. HedTh BHOCKIM ABYMs criocobamu: 1 - 100aBiIsIM B CPEIY BO
BpeMsi ITOCeBa, 2 - OyMaKHbIE TUCKHU MPOMUTHIBATH HEPTHIO, YKIAIBIBAIM HA THO Yaiek [letpu u
CBEPXY 3AJIMBAIIA CPEIOM.

Boigenenue ncuxpoduibHBIX (B TOM 4YHCIE W HCHUXPOTPO(HBIX) MHKPOOPTraHHU3MOB
npoBoawian mpu temmeparype +5°C, mezodpunbHbix npu +30°C, nmpuHMMas BO BHUMaHHE
temneparypubie quana3onsl ux pocra 0 - 25T (0 - 35T) u 15 - 35T, cooTBeTCTBEHHO.

O6paboTKy NaHHBIX NMPOBOJUIIHU C UCIOIb30BaHUEM cTaTUCTUKH [lyaccoHa, cTaHIapTHBIX
CTATUCTUYECKUX METOJOB IS HOPMAJIBHOTO pacHpelleNICHUus U HelapaMeTPUIECKOTO KPHUTEepHUs
BunkokcoHa .

BrimonHeH aHanmuM3  YUCIEHHOCTh  TEeTEPOTPO(HBIX U YrIEBOAOPOJIOKHCISIONINX
MHKPOOPTaHU3MOB JBYX TEMIIEPATypHBIX Ipymn - Me30QuibHbIX (puc.l) U mcuxpoduibHbIX
(Bkitoyast icuxporpodusie) (puc.2). HaGnronenus, nposeaennsie B nepuon ¢ 31 mas mo 10
OKTSIOpsI, TalOT TpeAcCTaBiIeHUEe 00 MX NTWHAMHUKE B TEIUIbIM mepwon roxa. Ha pucynkax 1 u 2
MPEICTABJICHBI JAHHBIE O CPEIHEeH YMCICHHOCTH MUKPOOPTaHU3MOB Ha 00pa0OTAaHHBIX ydacTKax,
a TaK)kKe KOHTPOJIPHOM YYacTKe 5, KOTOPBIA HE IMojBepraics o0paboTke, KpoMe BHECEHHs
ynobpennii. Kak BUIHO, Ha MPOTSKEHUU BCEro Meproja HaOII0IeHUN Ha KOHTPOJIBHOM y4acTKe
YUCJIICHHOCTh MHUKPOOPTaHH3MOB, CIOCOOHBIX OOpa30BbIBATh KOJOHWHM Ha IUIOTHBIX Cpenax,
MEHbIIIE, YeM CpeIHSs YHUCIEHHOCTh UX Ha 00pabOTaHHBIX yyacTKaxX. To ecTb, IpH yCIOBUU
CHIDKGHHSA JAepuuura a3z0THOro M (PochOpHOTrO MNUTAHUS MHUKPOOPTaHHU3MOB IPHUMEHEHHE
OJIHOBPEMEHHO JIIOOBIX JBYX M3 TpeX CmocoboB 00paboTku (OJHOKpaTHOE BHECEHHE
YIIICBOIOPOAOKHUCISIONIMX MUKPOOPTaHU3MOB, MeJIa U CTPYKTYpPOOOpa30BaTelisl) YBEIMUYUBACT UX
YUCIEHHOCTh. (CpaBHEHHE TPOBOJMWIIM MO KpUTEPUIO BHIKOKCOHAa TIpU JOBEPUTEIBHOMN
BepositHocTH 0,95 .
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Puc. 1. JluHamMuKka 4YHCIEHHOCTH ME30(MIBHBIX MHUKPOOPTaHM3MOB Ha ONBITHBIX |

KOHTPOJIbHOM  Tulomaakax. l'ereporpodnbie. 1 -  ombITHBIE, 2 -  KOHTPOJIbHAS;
YIIIEBOAOPOAOKUCIISIIONINE. 3 - ONBITHBIC, 4 - KOHTPOJIbHASL.
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Puc. 2. JluHamuKa YHCIEHHOCTH NCHXPOQMIBHBIX MHKPOOPTaHM3MOB Ha OIBITHBIX U
KOHTpOJIbHOM  Tuiomankax. l'ereporpodubie: 1 -  ombiTHBle, 2 -  KOHTpOJbHAS,
YTJIEBOJIOPOAOKHUCISIOMNE: 3 - ONBITHBIC, 4 - KOHTPOJIbHAS.

B nauOonpmieil crerneHn o0pabOTKa CTUMYIUpPOBaja POCT YIIIEBOAOPOJOKHUCIISIONIUX
Me30(WIBHBIX MHKpOOpraHu3MoB. K KOHIly TEIIOTO MepHoia ToAa CpedHss CyMMapHas
YHCIEHHOCTh MX Ha 00paGOTAaHHBIX TLIomaaKkax ysemnumnack ¢ 2,8x10 xo 1,95x10 koe/r cyxoit
MOYBHI, & YIVIEBOJAOPOIOKUCIISIIONIUX TICUXPODUIIOB - C 2,0X1(§ o 2,3xld Koe/T CyXOH IMOYBHI.
Hons yrieBomopogokucistomux MmezodunoB Bozpacrana ¢ 0,8 no 28,5% ot obmiero uucna
rerepoTpodoB, HAPOTHB, JOJIU MCUXPOPUIBLHBIX HEMHOTO yMeHbIuiachk oT 39,2% no 22,5%.
Od4eBUIHO, XapakTep MW3MCHEHHS YHUCICHHOCTH MHUKPOOPTaHU3MOB DPA3JIUYHBIX  TPYIII
00yCIIOBJICH CE30HHBIM U3MEHEHUEM YCIIOBHI CPEJibl, Ha KOTOPBIC MPAKTUYECKH HEBO3ZMOKHO
BO3JICICTBOBATh KAKUMH-TTUOO MEPONPUATHIMH IO Menuopanuu mouyB. C Apyroid CTOpPOHHI,
a0COJTFOTHBIC 3HAYCHUS YHCICHHOCTEH MUKPOOPTaHU3MOB 3aBUCIT OT KOHTPOJIHPYEMBIX YCIOBUN
Cpenbl, B JaHHOM cllydae KOPPEKTUPYEMbIX BEIOPAHHBIMU CIIOCOOAMU 00paOOTKHU TIOYBHI.



[TonoxutenbHoe BAUSHUE OOpaOOTKM 3arpsi3HEHHOW TIOYBBI HAa  YHMCIEHHOCTh
MHUKPOOPTraHU3MOB CTaJIO emle 0oyiee 3aMETHO B Hayase CIENYIOIIEro jeTa, yepe3 roja mocie ux
npoBeneHus. [IpeMMyIIeCTBEHHOE CTUMYJIMpPOBaHHE MeE30QHIbHBIX  (reTepoTpodHBIX U
YTJIEBOAOPOJAOKUCIISIONIMNX) MUKPOOPTaHU3MOB COXPAHMWJIOCh. B comocTaBUMBIN KaleHIapHBIH
MOMEHT BpeMeHH (4epe3 TOJi YHUCICHHOCTh YIJIEBOAOPOJAOKUCISIONINX MHKPOOPTaHH3MOB
yBenmuumiach Ha 3 - 4 mopsaka, a aOCOJIOTHOE 3HAUYEHHE TeTepOTPO(HBIX JTOCTUIIIO BeCchMa
OOJIBPIIMX 3HAYCHUH - B CPEIHEM 4,92;109 Koe/r cyxoit mouBbl. Ha KOHTpoOabHOM TUTOIIagKE 5
YHCJICHHOCTh YIJIEBOJIOPOJAOKUCISIONINX MHUKPOOPraHM3MOB ObUIa 3HAYMTEIbHO MeHblIe (B 63
pasza), yeM Ha 00pabOTaHHBIX, XOTS JOJS MX TII0 OTHOIIEHHIO K OOINeld YHCICHHOCTH
rereporpodos nocturana 100%.

Kommiexkcnast 06paboTka, KoTopas CTUMYJIHpPOBaIa PoCcT abOpUTEHHOW MHUKPOQIOpPH B
3arpsi3HEHHON MOYBe, BKJIIOUana B ce0si BHECEHHE YAOOPEHU Ha KaXKIOW M3 MJIOUIAI0K U JBa U3
JIpYTUX TpeX CIOCOOOB - BHECEHHME YIJIEBOJOPOAOKHUCISIONINX MUKPOOPTraHHW3MOB, COpOEHTa U
mena. Jlo3a ymoOpeHuit Ha Bcex IUIOHIaJKax ObUIa OAMHAKOBOM M 3(PQeKxT ux neicTBus He
OIICHUBAJM, IPUHUMAs, YTO BHeceHHE OMoreHHbIX 3nemMeHToB N u P, xak mpaBuio, oka3bIBaeT
NIOJIOXKHUTEIBHOE BIMSHUEC HAa OHMOpPEMEIHMAlUI0 3arps3HEHHBIX 3emenb [2, 4, 5]. JleiicTBue
KaXJOTO U3 BapbUPYyEMBIX CIIOCOOOB MOXHO COMOCTaBUTh C APYrMMHU Ha (OHE BHECEHHOIO
ynoopenus. s 3TOro MHKpPOOPTaHM3MBI Ha TIUIOMIAJKaX, OOpaOOTaHHBIX TEM WA HWHBIM
cnoco0OM, CpaBHMBAJIM CO CpEIHEW YHCICHHOCTbIO MHUKPOOPTaHM3MOB Ha OCTaJbHBIX
IUTIOIIAJIKAaX , KOTOPbIE HE 00pabaThIBaIM 3TUM CIIOCOOOM.

D¢ dexT oT 00paboTKH 3arpsA3HEHHOW MOYBBI MTyTEM BHECEHUS MUKPOOPTAHU3MOB, MeJla 1
Yuunonumepa-M Obi1 HeonuHakoB. Haumbosnee 3HAYMMBIA TMONOXKHUTENbHBIA 3(dexT maer
BHECEHHE copOeHTa YHumnonumep-M, oTpuIlaTeIbHBINH - BHECEHHE Mejla. BHeceHne MUKPOOHBIX
KYJIbTYp OKa3bIBaJO MEHEE 3HAUMMOE MOJOKHUTEIbHOE BIUSIHUE HA MUKPOQIOPY TOYBHI.

[TonoxuTenbHOE BIMSHUE BHECEHHOTO B IOYBY IOJMMEpAa Ha pa3BUTHE ME30(PUIbHBIX
MHUKpPOOPTraHU3MOB KaK TeTepOTPO(HBIX, TaK M YIJIEBOJOPOJOKUCISIOMIUX HMEJIO MECTO B
teuenne Bcero jera (P = 0,9). Dro cieayer w3 cpaBHEHHUS JUHAMHKHA HMX YHUCICHHOCTEH Ha
iomanake 2 (radbn. 1) m o6paboTaHHBIX CTPYKTypooOpaszoBatenem miomankax 1, 3u 4 (puc. 3).
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Puc. 3. Bimussane YHumonuMepa-M Ha AWHAMHKY YWCICHHOCTH YTJIEBOAOPOIOKHUCIISTFOIINX
me3odmioB. 1 —mpu BHeCeHNH COpOEHTa; 2 - YUCIIEHHOCTh OaKkTepuil Ha TUTOIIAIKe 2.

MeHnbiie ObUIO TakXke IaJeHUE YHCICHHOCTH MCUXPOPHIBHBIX MHUKPOOPTaHU3MOB B
NepUOA KapKOH IMOroisl NpU HATUYMKM B IOYBE KapOamMua0-(GpOpMalbIErHJHOTO HOJUMEDPA.
CpaBHEHHE JaHHBIX I8 TCUXPOQMIBHBIX TeTePOTPOPHBIX M  YIIECBOIOPOAOKHCISIONINX
MUKPOOPTraHM3MOB Ha KOHTPOJBHBIX Y4YaCTKax 3a HIOJNb . IIOKa3blBaeT, 4TO B IIOYBE Ha



KOHTPOJIbHOM y4acTKe WX YHCICHHOCTh CHU3MJIACH [0 CPABHEHHIO C YYaIrlCTKOM, 00pabOTaHHBIM
copoentom (puc. 3).
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