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IIpoBeneHo nccnenoBaHue OMOMACCH U (pepMEHTAaTUBHOI aKTUBHOCTHU IOYB €CTECTBEHHBIX M aHTPOIIO-
T€HHO MpeoOpa3oBaHHBIX 3KocucTeM. MccienoBaHbl KaTeHbI LIEIMHHBIX CEPBIX TOYB U YEPHO3EMOB 3aI10-
BemHUKa “benoropbe” 1 KaTeHBI HAXOTHBIX IOYB B OMHOTHUITHBIX TeOMOP(OIOTUYECKUX U TATOJIOTUIECKIX
ycrnoBusix. dydeHa akTMBHOCTh (PepMEHTOB, yYaCTBYIOIINX B LIMKJIaxX yriepona (B-m1oko3unasa u KCHUIIo-
3umasa), a3oTa (xutuHaza) 1 pocdopa (Kucnas u meaodHas pocdarasa). YCTaHOBICHO, YTO YMEHBIIICHUE
MUKPOOHOI OMOMAacChI ITOYB B pe3y/ibTaTe paclallki He COMPOBOXKIAETCS SKBUBAJCHTHBIM YMEHbILIEHUEM
¢depMeHTAaTUBHOI aKTUBHOCTH ITOYBEI. BEIsABIeHHas cienduKa ¢pepMeHTaTUBHOI aKTUBHOCTH ITOYB pa3-
HBIX TUIIOB YKa3bIBaeT Ha pa3jMuusl B CTPYKTYpe MUKPOOHOTO coobIiecTBa MouyB U putolieHo3a. Onpene-
JIEHBI 3aKOHOMEPHOCTH U3MEHEHN (DepMEeHTAaTUBHOM aKTUBHOCTY IOYB HA BOOOPAa3aeIbHBIX YI4aCTKaX, B
TPpaH3UTHOM 1 aKKyMYJISITUBHOI YacTsIX KaTeH. PaccuuTaHbl 3Ha4eHUsT yAEIbHOM’, TO €CTh MPUBEAESHHOM K
eaIMHUIIE MUKPOOHOI OMoMacchl, aKTUBHOCTU (pepMeHTOB. [loaydeHHbIE 3aKOHOMEPHOCTA M3MEHEHMS
yIeJbHOI (pepMEeHTAaTUBHOM aKTUBHOCTHU MAaXOTHBIX IOYB CBUAETEIBCTBYIOT O TOM, YTO, HECMOTPS Ha IO-
TepIO OPraHUYECKOro BEIIeCTBA U HAa YMEHBIIIEHIe MUKPOOHOM OMOMAaCCHl B pe3yibTaTe pacHamiku, du-
3uoJjiornyeckasi 3(pPeKTUBHOCTh MUKPOOHOTO COOOIIeCTBA arpoYepHO3eMa BbIllle, YeM B LISJIMHHON Moy~
Be. BeIcokas ynenbHas hepMeHTaTUBHASI aKTUBHOCTD B IIAXOTHBIX MOYBaX 00yCIOBICHA OOJIbIIIEi CKOPO-
CTBIO MPOAYLIMPOBaHUS (€PMEHTOB MPU CMEHE PeXMMa 3eMJIEITOIb30BaHMSI.

Knrouesnie cro6a: opraHM4ecKoe BeIeCTBO, MUKPOOHBIE coobniecTBa, dhocdarasa, B-moko3uaasa, XUTh-
Ha3za, KCWIO31aa3a, CeIbCKOX03SIMCTBEHHOE OCBOCHUE
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BBEIAEHME

DdepMeHTHI KATATU3UPYIOT ITOYBEHHbBIE OMOXUMU-
YecKre MpoLecChl U KpyroBOPOT OCHOBHBIX OMOTeH-
HBIX 3JIEMEHTOB M PACCMAaTPUBAIOTCS B KQUeCTBE paH-
HUX MHAMKATOPOB M3MEHEHUM pexkruMa 3eMJIeHOIb-
30BaHMs (XasueB, 1982; Cobuna u np., 2022; Wang Q.,
Wang S., 2011; Burns et al., 2013; Cui et al., 2019;
Rosinger et al., 2019). O1ieHKy aKTUBHOCTH (DEPMEHTOB
B-rmokosunasel (BIN), xutunasel (XT) u pocdaTaser
TPagULIMOHHO MCIOJB3YIOT JISI U3YyYeHUSI IIUKIOB
yriiepoaa, a3ora u ¢gocgopa B mmouBax (Stott et al.,
2010; Tischer et al., 2015). Kpome Toro, no akTUBHO-
CTH BBIIISYIIOMSIHYTHIX (DEPMEHTOB MOXKHO CYIUTH O
HapylIeHUU AOCTYIMHOCTU OCHOBHBIX MUTATEIbLHBIX
BJIEMEHTOB JJIsi MUKpPOOHOro coobdiiecTBa (Sinsa-
baugh, Moorhead, 1994). I'maponutuuyeckuii dep-
MEHT [3-TII0K03MIa3a, UTPAIOIINiT KITIOUEBYIO POJIb B
Jlerpagaluu LHeJUTI0JI03bl, — UHAUKATOP U3MEHEeHU
COCTOSIHUSI TIOYBEHHOIO OPraHMYEeCKOro BeIecTBa
(Stott et al., 2010). XutnHa3a, OTBETCTBEHHAsI 32 TUJIPO-
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JIN3 TPUOHOTO XUTUHA U 6aKTEepHaTbHOTO MEeNTOITMKA-
Ha, KOTOpbIe CBSI3aHbl C pa3pyllleHueM U obopadyrBae-
MOCTBIO OPraHMYECKOTO BEIIECTBA B MOYBAX, — BaX-
HbIIl MOCPEeIHMK B LIMKJIE a30Ta U yIjepoaa B MoyBax
(Tischeretal., 2015). ®ocdaTasbl yyacTBYIOT B MUHE-
panu3anuu (ochopopraHUIYecKux coenmHeHuil. B
3aBMCUMOCTH OT PeaKIMy MOUYBEHHO Cpebl BbIACsI-
0T KUCIYIO U 1IeJounyto ocdatasy (KD u 111D), ko-
TOpBIE MPOAYLIPYIOTCSI MHOTUMHY IprOaMu, OaKTepHsI-
MU, a TakKxke KOopHsMU pacTteHmii (Nannipieri et al.,
2011).

BHexuieTouHble ¢epMEeHTB UMMOOUIN30BaHbI B
II0YBE B COCTaBe COCIMHEHMII OpraHOMUHEpPaJIbHOM
npupoxasl (Burns et al., 2013), cienoBarenbHO, MX aK-
TUBHOCTb OYAET 3aBUCETh OT OCHOBHBIX ITOYBEHHBIX
XapaKTEePUCTUK, a TAKKE OT COCTaBa PaCTUTEIBHOCTU
¥ TUTIA 3€MJIETIONIb30BAHMSI, UTO HE TTO3BOJISIET CYIUTH O
¢depMEHTATMBHOM aKTMBHOCTU MCKIIIOUMTEIHLHO KaK O
pe3y/IbTaTe HEIOCPEACTBEHHOM IeSITeIbHOCTY II0YBEH-
HBIX MUKpooprann3moB. IToaToMy 0coOyro BaKHOCTH
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npuoOpeTaeT M3ydeHHE YIOSIbHON (hbepMEHTAaTUBHOM
AKTUBHOCTH IOYB — OTHOILICHYSI aKTUBHOCTU (hbepMeH-
TOB K €IMHUIIE MUKpOOHOI O6momacchl (Silva et al.,
2019). B 3apybexxHoii IMTepaType 4acTO MCIIOIb3YETCs
TepMUH specific enzymatic activity (De Medeiros et al.,
2015). INokazaHo, yTo ynenbHasi ¢(hepMeHTaTUBHAs aK-
THUBHOCTbH — IIPM CMEHE XapaKTepa 3eMJICIIOIb30BaHMSI
0oJiee YyBCTBUTE/IbHASL XapaKTEepUCTUKA, MO CpaBHE-
HUIO ¢ (pepMEHTAaTUBHOII aKTUBHOCTBHIO, BBIPasKCH-
Hoit Ha Maccy mmouBHI (Raiesi, Beheshti, 2014). Ouenka
yIeJIbHOM (pepMEHTAaTUBHOM aKTUBHOCTH, KOTOPAs SIB-
JISieTcsl  ToKazaTejieM  JESTeIbHOCTM  TMOYBEHHBIX
MUKPOOPTaHU3MOB, HMEET pPsI IIPEUMYIIECTB, IIO
CPaBHEHMUIO C OLIEHKOI (hepMEHTAaTUBHOI aKTMBHO-
CTU Ha eAMHUILY Macchl TouBbl. Kak mpaBuiio, dep-
MEHTaTUBHAsI aKTUBHOCTh YMEHBIIIAETCS B PE3y/IbTaTe
pacnallKy No4B, YTO CBSI3aHO C YMEHBIIIEHUEM COAEP-
JKaHMSI OpPraHMYECKOro yriaepoaa 1 MUKpoOHoJIoTnye-
ckoit aktuBHOcTH (Guan et al., 2022). VoensHas dep-
MEHTaTUBHasI aKTMBHOCTb, HAIIpOTUB, MOXET YBEJIW-
YyMBaTbCsl B MaxOTHBIX MouBax. [lokazaHo, 4To mpu
pacrmaiike JIECHOI IMOYBBI MPOMCXOOUT yBEINUYEHUE
¢depMeHTAaTUBHOI aKTUBHOCTU HA SAMHUILLY MUKPOO-
Hoit bmomacchl (De Medeiros et al., 2015). Boicokas
¢epMeHTaTUBHAsI aKTUBHOCTb Ha €IMHUIY MUKPOO-
HOi1 OMOMAacChl B TAXOTHBIX TTOYBAX MOXET OBITh CBSI-
3aHa ¢ UBMEHECHUEM CTPYKTYpPhl MUKPOOHOro cO00-
mectBa (Kivlin, Treseder, 2014), ¢ yMeHbIIIEHUEM Be-
JIMYMHBI MMUKPOOHOI OMOMAacChl, C YBEJIUMYEHUEM
CKOPOCTU MHPOIYLMPOBaHUS (PEPMEHTOB MUKPOOP-
ranu3mMamu Ipu oopadotke 1mous (De Medeiros et al.,
2015), ¢ OoblIeit HOCTYITHOCTHIO NUTATEJIBHBIX 2JIe-
MEHTOB WM 0oJiee ObICTPOiT 060pauMBAEMOCTHIO MUK-
poOHOIT GMOMAaCCHI, YTO IIPUBOAUT K OOJIBIIE CKO-
pocTtu cuHTe3a HOBBIX (pepMeHTOB (Beheshti et al.,
2012; Raiesi, Beheshti, 2014). BeposiTHO, BEICOKIE 3HA-
YeHUsI yAeJIbHOM aKTMBHOCTU (hepMEHTOB, HECMOTPS
Ha YMEHbIIIEHUE COASPXKAHWSI OPTaHMYECKOTO yIJIepo-
J1a 1 MUKPOOHOIT 0MOMAaCCHI B pPe3yJIbTaTe CEJIbCKO-
XO03SIICTBEHHOTO OCBOECHUSI, OTPaXKaloT (DU3MOJIOTH -
YeCKOe COCTOSIHME MMKPOOHOIO COOOIIECTBA U €ro
04JIbIIIYI0O META00IMUEeCKYI0 aKTUBHOCTh (LLagomar-
sino et al., 2011).

Pacnainka npuBOaUT K U3MEHEHUIO 3PO3UOHHO-
AKKYMYJISITUBHBIX IPOLIECCOB B MOYBAX, UTO MOXKET
YCUJIMBATh 100, HAIPOTUB, YMEHBIIATh YK€ CYIIE-
CTBYIOIIIME HEOOHOPOMTHOCTU (hepMEHTATUBHOI aK-
TUBHOCTM Ha pa3HbIX 2jieMeHTax pejibeda. [ToaTomy
MOJIYYUTh ITOJTHOE MpeACTaBieHrue O (pepMEeHTATUB-
HOIf aKTMBHOCTHU TIOYB MOXKHO TOJIbKO aHAJM3UPYS
IMOYBHI B Pa3HBIX TeOMOP(OJIOTNUECKUX MO3ULIMIX B
npezenaax ogHoro ckioHa. Tonorpaguueckoe mojo-
KEHUE OIpeAelisieT 0COOCHHOCTH TIOCTYIUICHUS COJI-
HEYHO paarallii U MTHTEHCUBHOCTb IPABUTALMOHHBIX
MPOLIECCOB B pa3HbIX YACTIX CKJIIOHA, YTO, B CBOIO OYe-
pelb, BAUSET Ha TTOCTYIUIEHUE Y Pa3JIoKeHUe B MOYBE
PACTUTENILHBIX OCTAaTKOB. DTO MOXET CYIIIEeCTBEHHBIM
0o6pa3oM BIIMAThL Ha COAEPXKAaHUE OPraHUYEeCKOro Be-
ILIECTBA M HAa CTPYKTYPY MUKPOOHBIX COOOILIECTB, OMpe-
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YEPHbBIIIEBA u np.

JIeJIsIsI TAKMM 00pa3oM U (pepMEHTAaTUBHYIO aKTUBHOCTD
nmouB. B psine uccnenoBaHmii moka3aHa 3aBUCUMOCTh
¢depMEHTAaTUBHOM aKTUBHOCTU OT TOHOrpapuuecKo-
ro nmonoxeHus (Bergstrom et al., 1998; Dengiz et al.,
2007; Marinari, Antisari, 2010; Wickings et al., 2016;
Wang et al., 2022), omHako pe3yJbTaThl BeCbMa Ipo-
TUBOpeuYrBbl. Hampumep, B omHOM ucCClIeoOBaHUU
BBISIBJICHO, YTO aKTUBHOCTb XT 1 BI" BhIIIEe B mouBe
aKKyMYJISITUBHOM 4Yactu ckiioHa (Wickings et al.,
2016), Torga Kak B IPYrOM MCCIIEIOBAHUU AKTUB-
HOCTb 3TUX (DEPMEHTOB MaKCHUMaJibHa B TIOYBaxX BO-
JIopaszeiia U B TpaH3uTHOI1 30He (Wang et al., 2022).

Ilenp maHHOI pabOThI — OlIEHKA BIWUSITHUS CETb-
CKOXO3SMCTBEHHOTO UCTIOJIb30BAHUSI TEPPUTOPUU HA
MUKpPOOHYIO OioMaccy IOYB 1 BbISIBJIEHE U3MEHEHU I
(hepMEHTAaTUBHOI aKTUBHOCTH CEPhIX MOYB U YEPHO3E-
MOB MpU pacnaiike. MHbIMU cJIOBaMU, Mbl TIPEATIPU-
HSUTA TIOTBITKY OLIEHUTh OMOJIOTMYECKOE MCTOIIEHUE
MaxXOTHBIX TTOYB. B oTyimume ot (pU3N4YecKoro UCToIlle-
HUSI, BBIMIAXaHHOCTU U CBSI3AHHOTO C 3TUM KPUTHYE-
CKOTO COCTOSIHUSI TTOYB, B IJIaHE 00€CNIEYeHHOCTHU BJe-
MEHTAaMU MUHEPATBHOTO MUTAHUSI PACTEeHUIA, OMOI0-
TMYECKOE MCTOIIEHUE MPEANCTABISET COOOM Ooiee
CJIOXHBIA M HEJIUHEUHBIA IIPOLECC, CBA3AHHBIA C
ACUHXPOHHBIM YMEHBIIIEHUEM MUKPOOHOI Onomac-
Cbl U aKTUBHOCTU (hepMEHTOB BCJENCTBUE U3ZMEHE-
HUS (PUBUKO-XUMUUECKUX CBOMCTB IMOYB U OTTOPKE-
HUSI OOJBIINX OOBEMOB PACTUTEIILHOTO MaTepuaia.
ITpu 3TOM HaHHBIE TIpoliecChl OYAYT MpPOTeKaTh MO-
pa3HOMY B 3aBUCUMOCTHM OT THUIIA TIOYBBI U T€OMOP-
doaornyeckux yciaoBuii. B kauecTBe padboyeit ruro-
Te3bl MbI TIpeanojaraiv, 4To epMeHTaTUBHas aK-
TUBHOCTb OYIET OIpeneisiTbcsl B OOJbIIeH CTENEeHU
TUTIOM TIOYB U, CJIE€A0BATEIILHO, COAEPKAaHUEM OpTra-
HUYECKOTO BEIIECTBA, ITPU 3TOM ITOJIOXKEHUE B KaTe-
He OyJIeT MMeTh 3HaYeHME JIMIIb JUIST TIaXOTHBIX TTOYB.
Takke TIpeAronaarajioch, 4To CEIbCKOXO3SMCTBEHHOE
OCBOEHME TIPUBENIET K YBEJIMYEHUIO (DepMEHTAaTUBHOM
aKTUBHOCTHM Ha €IWHUILY MUKPOOHOI OMOMAacCHhI Tpu
pacranike Kak JIECHbIX, TaK U CTEITHBIX TT0YB.

OBBEKTbI UCCJIENOBAHUN

PaiioH uccnenoBaHus pacrojioxkeH Ha ore Cpen-
HepyccKoii Bo3BbaiieHHOCTH ( benroponckast o6:1.). Pe-
JIbed TUTTMYHO 3PO3MOHHBIN, OBPAXKHO-0aJTOUHBINA.
Tepputopus nipuHamiexar Jlonckomy u JIHempoB-
ckoMy OacceiiHam. ITryOrHa 3aeraHust TpyHTOBBIX BOZ
Ha pa3HbIX ygacTKax kKoneonercs ot 3 mo 30 M. IIpeood-
JIafarolye moyBooOpasytoline nopoabsl — KapooHar-
HbI€ JIECCOBUIHBIE OTIOXKEHMUSI.

B xauecTBe 0OBEKTOB MCCIIENOBaHMS ObLIN BHIOpA-
HBI LIEJIMHHBIE TIOYBBI 3amoBenHuKa “bemoropbe” u
IOYBBLI COBPEMEHHOIA TTAIITHU, PACHIOJIOKEHHbBIE PSIIOM
¢ 3anoBenHuKoM. ClieayeT OTMETUTD, YTO IIOYBHI 3aI10-
BEIHMKA JOCTATOUHO IIyOOKO mcciaenoBaHbl (Cuact-
Has1, Kacatkuna, 2006; Kacarkuna u ap., 2012; Pyca-
KkoB, 2012; Ykpaunckuii, Illep6akos, 2014; MocTo-
Bas u ap., 2015), 4TO MMO3BOIMIO HAM, OITUPASICh Ha
TOoM 143
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Jlec Ha Bopckiie

SImckas cTenb

« benropon

Puc. 1. PacnionoxeHune KJII04YeBbIX yUacTKOB. TOUKM 0TOOpa IMOYBEHHBIX 00pa3LoB: (a) KiIodeBoil yyacTok “Jlec Ha Bopckie”,
(0) xaroueBoii yuyacTok “Amckas crenb”. C — cepble HeauHHble, AC — arpocepbie, U — yepHO3eMHbI LieMHHBIe, AU — ar-
pouepHO3eMbl. Manble nHIekcol: B — Bogopasneinr, T — TpaH3uTHast 30Ha, A — aKKyMYJISITUBHAsI 30Ha.

9TU paboOTHI, BEIOpaTh HauboOJIee penpe3ecHTaTUBHEIC
M XOpOIIIO M3y4YeHHBIe y4acTKM. Ha Teppurtopun
KJIroueBoro ygyactka “Jlec Ha Bopckie” ucciaenoBaHbl
cephle TTOYBHI o nyopaBoii. Ha Teppuropum Kirroue-
BOTO yJacTKa “SIMckast crenp” McciieqoBaHbl YepHO-
3eMbl OOBIKHOBEHHBbIE 10/l PA3HOTPABHO-3JTAKOBBIMU
pacTUTEILHEIMU accoumanusMu. IlaxoTHbie aHAJIO-
T4 LIEJIMHHBIX TI0YB BHIOMpPAIM HAa y9aCTKaX CO CXO-
>KMUMHU YKJIOHOM M 9KCHO3UlIMEl CKJIOHA U Ha OHO-
TUIHBIX OYBOOOPAa3yIONIMX Mopoaax. JUIMTeIbHOCTh
pacIaimky 1 B TOM, U B IPYTOM CIydae OMMHAKOBa U
cocrtaBisieT okoyio 100 nmet. Ha momeHT oTOopa 06-
pasloB (BTopas 1eKaaa Mast) ToJist ObUTY 3aHSITHI O3U-
Moii mmeHunei. TaknmmM o6pa3om, COOTIONEeH TPUHITATT
OIIHOTO pa3jIMyusi, YTO ITO3BOJISIET paccMaTpuBaTh aH-
TPONOIEHHYIO JesTeJIbHOCTh KaK eIMHCTBEHHBIN (pak-
TOpP, OOBSICHSIIOIINIA BO3MOXHBIC N3MEHEHMSI XUMUYIC-
CKMX CBOMCTB ¥ (DEPMEHTATUBHOUN aKTUBHOCTU T1OYB.

VYuactok “Jlec Ha Bopckiie” (puc. 1a) ¢ Tpex cTopoH
orpaHuuuBaoT pp. Bopckia, I'otHsa u JlokHs. Teppu-
TOPHSI XapaKTePU3yeTCsl SPO3UOHHBIM TUTIOM pelibeda.
CpennerogoBasl Temieparypa cocrasisger +6.0°C.
CpenHeMHOTroJIeTHSIsI cyMMa ocaakoB 530 mMm/T. Pac-
TUTEJILHOCTh TIPEACTaBlIeHa MHOTOJIETHENl HArOpHOIA
nyopaBoit Quercus robur. CocTaB mojjecka: oepe-
CKJIeT eBporieiickuit Euonymus europaeus, 0epeckieT
GoponaByaThlii Euonymus verrucosus, KJIEH TOJIEBOI
Acer campestre.
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VYuacrok “fIMckas crenib” (puc. 10) umeeT MeHee
BhIpaxKeHHOE 3PO3UMOHHOE pacujeHeHue. B penbede
npeo0JIagaioT BBITYKIIbIE U BOTHYThIE (DOPMBI CKIIO-
HoB. C 3amajga Ha BOCTOK SIMCKYIO CTelb epeceKaeT
BoJoOpa3zaes 1Byx MpuTokoB p. Ockon — pek JlybeHka
n Yydpunuka. CpenHsisi rogoBasi TeMIiepaTypa Bo3ayxa
HECKOJIBKO BBIIIIE, YeM Ha ydJacTtke “Jlec Ha Bopck-
ne”, nm coctaBisger +6.9°C. CpemHEMHOTOJIETHSIS
cymMa ocajikoB 589 MM/T. B pacTuTe1bHOM MOKPOBE
IOMUHUPYET accouuauus Stippa pennata + Poa an-
gustifolia + Varioherbosa prato-steppae (MIrHaTeHKO,
CobakuHckuit, 1983).

st udyyeHust epMeHTaTUBHOM aKTUBHOCTH Ta-
XOTHBIX Y LIEJTMHHBIX CEPBIX JIECHBIX TOYB KJIIOYEBOTO
yuactka “Jlec Ha Bopckie” BeIOpaHbI y9aCTKU CKIO-
HOB Ha I0XHOI 3KCIO3ULMU C ONUHAKOBBIM YKJIO-
HoM 3°—4° Ha mamHe (KateHa “IlamHs1”) 1 B 3ano-
BenHuKe (KateHa “Jlec”). ITo TakoMy Ke IPUHIIMITY
BbIOpaHbl OOBEKTHI JJI U3YYEHHUS YepHO3eMOB Ha
KJTI04eBOM ydacTke “fAmMckas crenb” (kaTteHa “Ilari-
Hs” Ha HeJInHe 1 KaTeHa “Crenb” Ha TePPUTOPUH 3a-
noBenHuKa). JIutojsornyeckue ycaoBusl U rpaHyJio-
METPUUYECKHUIT COCTaB BO BCEX CYYasiXx CXOXM.

M3yyanuck mMouyBbl B TpeX ydyacTKax KaTeH: JIo-
KaJIbHBIII BOJOpa3ne]—TpaH3UTHAsT 30HA—aKKyMy-
JISTUBHAS 30HA. B Kaxmoii reoMopdoIornyecKoii mo-

2023
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3ULIMY JeNIaI IBa pa3pesa Ha yoajieHUuu 5—7 M IpyT OT
apyra.

ITaxoTHBIe MOYBHI KIO4YeBOro ydyactka “Jlec Ha
Bopckne” Ha BomopasneabHOM yJacTKe W TPAH3UTHOMN
30HE MpPEACTaBICHBI arpocepbIMi adpagupOBaHHBIMU
CylecYaHbIMH ITOYBAMU Ha JIECCOBUIHBIX ITOPOHAX C
yTpadeHHBIM Topn30oHTOM AY. B aKKyMynsITUBHOIT T10-
3ULIMN KaTeHbI PA3BUTHI arpocephle arpoIrporpagnupo-
BaHHbIE ITOYBEI C ropru3oHTOM AYpr. LlenHHEBIE TOY-
BBI Ha BCeX yJacTKax KaTeH NpeNCcTaBICHBI CepPBIMHA
rpyooryMycupoBaHHBIMHU JIETKOCYTJIMHUCTBIMHU T10Y -
BaMM Ha JIECCOBUIHBIX OTIOXEHUSX.

Ha ximroueBoM yuacTke “SMcKas ctenb” Ha BceX
y4acTKaX KaTeHBI LICJTMHHBIX [TOYB Pa3BUThI UePHO3E-
MBI CerperallMOHHBIC MOIIHbBIC TSKEIOCYTJIMHUCTEIC
nIyOOKO KapOoHaTHBIE HAa KapOOHATHBIX JIECCOBUI -
HBIX CYINIMHKAX. B KaTeHe MaxoTHBIX MIOYB — arpodep-
HO3EeMBI CerperallMOHHbBIC MOIIHBIC TSLKEJIOCYIJIMHM-
CThIE TITyOOKO KapOOHATHBIE Ha KapOOHATHBIX JIECCO-
BUIIHBIX CyIIMHKaX. OTMeueHa HeKoTopast TeHISHLIVS
K YTSDKEJICHUIO TPaHYJIOMETPUYECKOIO COCTaBa U yBe-
JIMYEHUIO MOILIIHOCTU COXPAHUBIIIEICSI YaCTH TOPU30OH-
Ta AU B aKKyMyJISITUBHOM 00J1aCTU KaTeHBI, TIC pa3BU-
ThI CPEAHE- U TSKEJIOCYINIMHUCTBIEC TTOYBEL.

ITpoBoauau MopdoJIoro-reHeTuYecKoe onuca-
Hue npoduieit 1 oToop 00pa3lioB MOYB HA XUMUYE-
ckue aHayiusbl. OOpaslibl TOYB IJIsI UCCAEAOBaHUS
COCTOSIHUASI MUKPOOHBIX COOOIIECTB IIOYB OTOMpaIn
13 BepxHux cioeB 0—10 u 10—20 cMm penpe3eHTaTUB-
HO U C cOOJIIOAEHMEM acenTUUYEeCKUX YCIOBUIA B MO-
JIMATUJIEHOBbIE MakKeThl. B 1abopaTOpHBIX YCIOBUSIX
00pa3ubl yCPEemHsUIN, YAAISUIM KOPHU U PACTUTEb-
Hble OCTAaTKU U TTPOCENBAJIU YEPE3 CUTO C TUaMETPOM
s4Jeek 2 MMm. Becero nmpoaHanuizmnpoBaHo 48 00pa3noB
(4 xaTeHBI X 3 yyacTKa X 2 pa3pes3a X 2 cjos).

METO/1bl UCCJIENOBAHUN

Bo Bcex obOpasniax M3yyeHHbIX MOYB MPOBEIECHO
omnpenaenaeHue: pH BOMHOI BBITSKKYU MOTEHIIMOMET-
PUUYECKHUM METOJIOM; COAEp>KaHUsI OPraHUYECKOro yr-
Jiepona no TiopuHy; cofep>xaHus KapOOHATOB alluIM-
METpUYECKUM MeTonoM (ApuHymikuHa, 1970); aHa-
JIn3a TpaHyJIOMeTPUYECKOTrO COCTaBa — MUTETOYHBIM
metonaoM (Teopum u meronsl..., 2007). Kpome Toro,
orpeniesieHo obliiee coaepkaHue yriiepo/a u a3oTa Ha
anam3arope Vario MAX CHNS (Elementar, Deutsch-
land). BemmeyromsHyTble aHaIM3bl BBIIOIHEHHI B
IleHTpe KoLTIeKTUBHOTO Noib3oBaHus MHcTUTYyTA h1i-
3UKO-XUMUYECKUX U OMOJOTMYECKUX MPOOIeM ToY-
BoBeneHusa PAH.

VYonepon xxuBoii MUKpoOHO 6uomaccnl (C,5) pac-
CUUTBIBAJIU TI0 colepkaHnio (HoCPONIUIIUIOB B MEM-
OGpaHax MOYBEHHBIX MUKPOOPraHU3MOB (XOMYTOBa,
HemxuH, 2011). Merton npenmnonaraet NocjieaoBaTe/Ib-
HOE BBIINIOJIHEHUE OIepaluii: 3KCTpakiuu pochonm-
MUIOB U3 MOYBEHHOro o6pasia B omHOo(Ma3HO cMecu
(MeTaHo:1 : x10p0oopM : pocdaTHbI Oydep 1:2:0.8),

YCITEXY COBPEMEHHOM BUOJIOTUH
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OCaxXIeHMsI TTOYBEHHOIO OcajaKa ILIeHTpudyrupona-
HUEM, pacclauBaHUsI CyTIEpHATAHTOB Ha BEPXHUI BOMI-
HBIi1 CJIOM, conepsKaliuii 0ydepHbIii pacTBOp, KOTOPbIi
yOAJISIOT, U HYDKHUI OpraHUJecKUii Cloii, comepxka-
LW JTATIMABI, B TOM 4Kciie 1 (pochonmnuabl, KOTO-
pbIii B JaJIbHEIIeM aHAIU3UPYIOT C UCIIOJIb30BaHU-
eM crekTpogoromeTpa. MaMepeHMsI BEINOIHSUIVCH B
TPEXKPATHOM MOBTOPHOCTU.

DdepMeHTAaTUBHYIO aKTUBHOCTb OMNPEAEIISIN MUK-
porutanmeTHbIM MeTonoM (Deng et al., 2013; Margenot
et al., 2018). K 0.5 r mouBsl ipuyiuBaiu 60 MJI BOIEL.
BerpsixuBanu 30 MuUH Ha MarHUTHOM Kadajke IpU
ckopoctu 600 06./MuH. [1penBapuTeIbHO pacKaranu
B KasKy1o sTueiiKy rutaHieTa no 50 MKJI pacTBopa Mo-
IN(GUIMPOBAHHOTO YHUBEpcalbHOTro Oydepa c om-
uManbHbIM pH 11 Kaxmoro depmenTta (mist KD,
BI', XT u kcuno3ugasel (KC) — 5.8, ming IO — 9.0).
IMocne atoro npunuau no 50 MKJI cydbcTpara B Kax-
nylo sg4eiiky miaHiera. Mukyouposaau npu 30°C B
teyenue 1 9 mist D, 39 — mnga KO u BT, 8 4 — oo
XT u KC. B kauecTtBe cyOCTpaToB MCHOJb30BAIU
XPOMOT'€HHO (Ha OCHOBE 4-HuTpodeHoa) nin Qiry-
OpOTeHHO (Ha OCHOBE 4-MeTUIyMOeJUInepoHa) Me-
yeHHble cyOcTpaThl. [locie mHKyOaumm m3Mepsuiu:
OINTUYECKYIO TIJIOTHOCTh Ha IUIAHIIETHOM pUIEpe
xMark (Bio-Rad, USA) npu mnuHe BosHbI 410 HM
WIX KOJIWYEeCTBO (ilyopeclieHUIMU Ha diyopumMerpe
Fluoroskan (Thermo Fisher Scientific, USA) npu mim-
HE BOJIHbI BO30YXKIEHUSI SMUCCUM 355 HM M UCITyCKa-
Hus 460 HM. MI3MepeHnsT TPOBOIMIIN B YEThIPEX ITO-
BTOPHOCTSIX.

CratucTuyeckyo oO0paboTKy HaHHBIX ITPOBOIWIN
CTaHJAPTHBIMU METOIAMM, UCITOIb30BaIM METOI, [IaB-
HBIX KOMITOHEeHT B TmporpamMme PCORD 5. Incriep-
CHOHHBII aHaJIn3 NTpoBoAWIIH B Iiporpamme PAST 4.03.

PE3VJIBTATBI U OBCYXIEHHWE

Xumuueckue ceolicmea u epanyiomempu4eckKuil
cocmae noue

KmoueBoii yuactok “Jlec Ha Bopckie”

IMousk! B kaTeHnax “Jlec” u “IlamiHsa” xapakrepusy-
I0TCS JIETKOCYIJIMHUCTBIM TPaHYJIOMETPUYECKUM CO-
CTaBOM, KOTOPBIA YTSDKEsUIcsl ¢ DIyouHoit (Tadm. 1,
puc. 2).

B nenuHHOM cepoil mouBe rpaHyJIOMEeTPUYECKUI
COCTaB B BEpXHEM TOPHM30HTE OTMHAKOBBIN Ha BCeX
ydacTKax KaTteHbl. ComepskaHre (U3NIECKON TITMHBI
BapbupyeT B npenenax 20—24%. B cinydae ¢ TpaH3UT-
HOI1 9acThIO KaTeHbI 0OIbIIast MOITHOCTh TOPU30HTA
AEL o0GycnoBiuBaeT 0oJiee JIETKMIT TPaHYJIOMETPU-
yeckuit coctas B cioe 20—40 cMm, Ho B ciostx 0—10 u
10—20 cM paznuuus MeXIy ydacTKaMU KaTeHbl HEJ0-
CTOBEPHEI.

Conepxanune C,,. B Mo4yBax BOIOPA3AETHLHOTO
y4yacTKa M aKKyMYJISITUBHOM YacTU CKJIOHA KaTEeHbI
“JIec” ommskoe, 3mech B cinoe 0—10 cM oHO cocTaBIIsI-
et 2.7%. bonee Huskoe conepxanue C,,. B Mo4yBax
TOoM 143
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Puc. 2. Copepxanue ¢pu3nyeckoii IIMHBI (a), opraHuueckoro yriepona (6) u 3HaueHust pH (B) B ucciiefoOBaHHBIX ITOYBaXx.

TPaH3UTHOI 30HBI CBSI3aHO C 0OCOOEHHOCTSIMU 3pO3H1-
OHHO-aKKYMYJISITUBHBIX ITPOIIECCOB B 3TOM YaCTH Ka-
TeHbl. IIpu 3ToM B KateHe “IlamiHsa” comepxkaHue
Copr HIXKE B 2—4 pasza. Kpome TOro, B MaXoTHBIX 1104~
Bax He BBISIBJICHO CYIIECTBEHHBIX Pa3ININil B COIEeP-
Kanuu C,,. Ha pas3JIM4HbIX [JyOMHaX.

CootHomrenne C/N Ha pa3IMYHBIX y4acTKaxX Ka-
TEHBI I B Pa3JIMIHBIX CJIOSIX TTIOYB BapbUPYeT B Ipee-
Jax ot 5.6 10 9.7.

3HaueHust pH 3aMeTHO BapbUPYIOT B 3aBUCUMO-
CTHU OT MOJIOXEHUS TI0YB B KaTeHe. 31eCh B MEPBYIO
oyepenb ClaeayeT OTMETUTh TPaH3WUTHBINA y4acTOK B
KaTeHe LEeJIMHHBIX CEPhIX MOYB, TIe 3TOT IT0Ka3aTelb
MeHee 5. B maxoTHOM TOpM30HTE B KaTeHE arpOCephIX

YCITEXY COBPEMEHHOM BUOJIOTUU  Tom 143
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noyB pH B 3HaUMTETHLHON Mepe CMeIIeH B KHUCIIYIO
0061aCTh, TTPY 3TOM XOPOIIIO 3aMeTHA TEHASHIINS BO3-
pactanusa pH oT Bomopasmesla K aKKyMYJISITUBHOI
YacTH CKJIOHA.

KmoueBoii yaacTok “SImMckas crenp”

ITouBbI B KaTeHaX LIEJTMHHBIX U aHTPOIIOT€HHO-TIPEe-
00pa3oBaHHBIX MOYB XapaKTEPU3YIOTCSI CPEIHECYIIIN-
HUCTBIM I'PaHYJIOMETPUIECKUM coCcTaBoM (Tabir. 1,
puc. 2). B arpouepHo3emax oTMe4eHO BO3pacTaHue 10-
JIM TSDKEJTBIX (DpaKIIUii B TAXOTHOM FOPU30HTE, YTO, I10-
BUIMMOMY, CJIEIyeT CBSI3bIBAaTh C IIPUBHOCOM (pr3MUE-
CKOI1 NIUHBI B pe3y/IbTaTe CKIIOHOBBIX ITPOLIECCOB.
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YEPHbBIIIEBA u np.

Tab6muna 1. Xumuueckre CBOMCTBA U TPaHYJIOMETPUUYECKHUIT COCTaB B OYBaX

c N CaCO Conep:kaHue 4acTUIL
pH C/N a
T'eoMmopdonornueckoe I'nyGuna, opr o6 3 20,01 mn 1<0.001 vna
MOJIOXKEeHUe cM
%
KiroueBoii yuactok “Jlec Ha Bopckiie” (cepbie ITOUYBBI)
B 0—-10 5.8 2.7 0.3 10.0 0.74 20 3
ofopaszien
Aopast 10-20 5.5 1.7 0.1 62 | 067 25 5
0—10 4.7 1.3 0.2 9.7 0.52 22 3
Jlec Tpan3utHas 30Ha
10—20 4.9 0.9 0.1 6.7 0.45 22 3
AKKYMYJIITUBHAS 0—10 5.7 2.7 0.3 9.9 0.89 24 6
30Ha 10—-20 5.8 2.1 0.2 6.3 0.82 27 8
0—10 4.4 0.7 0.2 8.5 0.45 14 4
Bonopaznen
1020 4.9 0.9 0.1 6.5 0.30 14 4
0—10 4.9 0.8 0.1 6.5 0.59 19 8
IManrHs TpaH3uTHas 30Ha
10—20 5.3 0.8 0.1 9.3 0.22 19 7
AKKYyMYJIATUBHAS 0—-10 5.2 1.1 0.2 9.2 0.82 27 9
30Ha 10—-20 5.3 1.1 0.1 9.5 0.30 26 9
KtoueBoit yuactok “Amckasi cternb” (UepHO3EMbI)
0—10 6.2 6.2 0.6 12.4 1.11 28 9
Bonopasnen
10—-20 6.3 4.8 0.5 11.1 1.19 34 11
0—-10 5.9 6.2 0.6 11.8 1.04 29 8
Crenb TpaH3utHas 30Ha
10-20 6.2 4.1 0.3 10.9 1.04 32 11
AKKYMYJIATUBHAS 0—10 7.3 5.4 0.5 10.8 1.49 31 10
30Ha 10—-20 7.4 4.0 0.4 11.3 1.41 35 13
0—10 6.6 3.3 0.3 12.2 1.19 44 21
Bomopasnen
10—-20 6.5 3.1 0.3 11.9 1.04 43 21
0—10 6.3 2.7 0.2 16.3 1.11 46 24
TlamHs TpaH3uTHast 30Ha
10—20 6.3 2.8 0.2 16.4 1.04 43 23
AKKYMYJIATUBHAS 0—10 6.9 3.0 0.2 15.8 1.19 46 23
30Ha 10-20 7.1 2.4 0.2 14.3 1.19 48 24

Conepxanue C,,. B LEIMHHBIX YEPHO3EMaX 110~
cturaet 6.2% B cnoe 0—10 cM 1 yMEHBIIIaeTCs ¢ TITy-
O6uHOI1. B xateHe arpoyepHO3eMOB cozepxkanue C,,
B BEpXHEM MaXOTHOM cjoe Huke B 1.5—2.0 pa3za. AHa-
JIOTUIHO TIAaXOTHBIM TOYBaM KITIOYEBOTO yYacTKa
“Jlec Ha Bopckiue”, comepxkanue C,, Ha nyOMHax
0—10 1 10—20 cM paznryaeTcst HECYILIECTBEHHO.

CootHouieHue C/N B U3y4eHHBIX TTOYBax Bapbu-
pyet B npenenax ot 10.5 go 15.8. boabuine 3HaYeHUS
JTAHHOTO TT0KAa3aTesisl B YepHO3eMax, 10 CPAaBHEHMIO C
cepbIMU TTOYBaMU, YKa3bIBaIOT Ha 00Jiee HU3KYIO CTe-
TeHb Pa3JIOKeHUs] TTOYBEHHOTO OPTaHWYECKOTO Be-
1ecTBa Ha ydyactke “fmckast crenb”. MukpoOHoe
pas3IoXeHWe MPUBOIUT K CHIKEHUTO KOJIMIECTBA YT~
Jlepofia II0 OTHOIICHWIO K a30Ty: MUHEpaTU30BaH-

YCITEXY COBPEMEHHOM BUOJIOTUH

HBIIi a30T coXpaHsieTcsl B MUKpPOOHOI Ouomacce, a
yraepon okucisercs 1o CO, (ITactyxoB u ap., 2018).

3HaveHus1 pH gaHHOTO KJIIOYEBOTrO yJyacTKa U3Me-
HSIIOTCSI OT HEMTpaJIbHBIX 10 CIa00IICIOUHBIX C TEH-
JIeHIIMel Bo3pacTaHus 3HaueHunii pH B mouBax akkKy-
MYJISITUBHO# 30HBI KaK €CTECTBEHHBIX, TaK M ITaXOT-
HBIX ITOYB.

Mukpobuas buomacca

Pacnaika mpuBOIUT K YMEHBIIEHUIO MUKPOO-
HOM Omomacchl (puc. 3), YTO COIIacyeTcsl C JInTepa-
TypHbIMU gaHHbIMU (JIpIcak u np., 2004; MacioteH-
Ko u ap., 2009; Bittman et al., 2005; Jiang et al., 2011).
HabmomaeTcst xapaktrepHoe BO3pacTaHHE MUKPOO-
HOIT OMOMAacCCHI B arpocepoii MoYBe B aKKyMYJISITUB-
TOoM 143
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Puc. 3. Mukpo6Hast 6uoMacca B IIEJIMHHBIX 1 TTaXOTHBIX ITOYBaX.

HOI1 30HE KaTeHEBI, Yero He OTMeYaeTcsl B KaTeHe ar-
podepHO3eMOB. B dyepHo3emMax KIIOYEBOro ydacTKa
“fIMckas cTenb” yMeHbILIEHME MUKPOOHOU GruomMac-
CBI B pe3Y/IbTaTe CEIbCKOX03SIMCTBEHHOTO UCITOIb30-
BaHMs 0oJjiee CyIIeCTBEHHO, II0 CPaBHEHUIO C CEePhI-
MU ITOYBaMU KJIIo4eBoro yyacTtka “Jlec Ha Bopckie™”.
HeoxumaHHBIMM 0Ka3aJIUCh pa3indus B 3HAUSHMSIX
MHUKpPOOHOM OMOMACCHI MEXIY BEepXHEH M HWXKHEH
4yacTblO IMAXOTHOTO TOpM3oHTa. Tak, B arpocepoii
nouBe B cinoe 10—20 cM HaxoTHOTO TOPM30HTA HA
BCEX yJacTKax KaTeHbl MUKpOOHasi Ormomacca BBIIIIe,
YyeM B BepXxHeM ciioe. Bo3aMoxXHO, 3T0 CBsI3aHO ¢ AU -
depeHIMaMel UCXOTHO TOMOT€HHOTO ITOYBEHHOTIO
Marepuaja co BpeMeHeM, IIPOIIEAIIMM MeXIy oopa-
0OTKOI MOYBBI U OTOOPOM MOYBEHHBIX OOPA3IIOB.

@epMeHmamueHaﬂ AaAKmueHocmbs

3HauyeHUs1 aKTMBHOCTU U3YYEHHBIX (hEpPMEHTOB,
BBIPaXKEHHBIX HA MAacCy TTOYBBI, B 1I€JIOM BBIIIIE B 11e-
JIMHHBIX Mo4YBax (puc. 4a, 5a). OTMEYEHO JIUIIIb T0CTO-
BepHoe (p < 0.001) yBenimueHue akTuBHOCTH BI' B arpo-
yepHO3eMe KJTI0YeBOro yJyacTka “fImckasi crerb”. YBe-
JIMYeHNe aKTUBHOCTU 3TOTO (hepMeHTa yKa3bIBaeT Ha
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YBEJIMYEHHUE CKOPOCTH Pa3JIOXKEeHUS IOUBEHHOIO Opra-
HUYECKOTO BEIIECTBA B CTEMHBIX MAXOTHBLIX ITOYBAX
(Stott et al., 2010). Pacmaika yepHO3eMOB IPUBOAUT K
nocroBepHOMy (p < 0.001) yMeHBILIEHIO aKTUBHOCTH
K® u I1P. B cepbIx IMoyBax KIIIOYEBOTo yyacTka “Jlec
Ha Bopckie” BciemcTBre pachaliki IMPOU30IIIIO T0-
croBepHoe (p < 0.04) ymeHbieHne aktTuBHOCTU XT,
KC u K®. AktuBHocts bI', KO u II1®P BrIlIe B 11e-
JIMHHBIX CTEITHBIX IMOYBAaX, a B JIECHBIX LEIUMHHBIX
MoYBax BhIlIe aKTUBHOCTh X 1. Bhicokass xuTuHa3Has
aKTUBHOCTH OOYCJIOBJIEHA OOJBIION OMOMAacCOi Tprd-
HOTO COOOIIECTBA B MOYBAX JECHBIX 9KOCUCTEM. AK-
TUBHOCTB 3TOT0 (pepMEeHTa pacCMaTPUBAIOT B KAYECTBE
WHIWKAaTopa rpMOHOM OMOMACCHI, TaK KaK XUTUH SIBJISI-
€TCSI OCHOBHBIM KOMITOHEHTOM KJIETOUHBIX CTEHOK
rpu6oB (Marinari, Antisari, 2010).

B nienuHHBIX YyepHO3eMaxX KIIOUYEBOTO yyacTKa
“sIMckast cTenb” MOXHO OTMETUTh HECKOJIBKO 00Ib-
11Me 3HayeHus1 (hepMEeHTAaTUBHON aKTUBHOCTU B I10Y-
BaX Ha BOAOPA3AC/IbHOM M aKKYMYJIATHMBHOM y4dyaCTKaxX
CKJIOHa. MaKcrManbHbIE pa3IIMs TPOSIBISTIOTCS B OT-
Howenuu IId: Tak, B cinoe 0—10 cM Ha Bomopasaeib-
HOM y4JacTKe ee 3HadyeHHUsI JocTuraiotr 185 HMomb 4-
H®/r nouBsl B yac, a B aHAJIOTUYHOM CJIO€ B TOYBE
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Puc. 4. ®epMeHTaTUBHASI aKTUBHOCTD LICJIMHHBIX M arPOCEPHIX IOYB KJII0YeBOro yyactka “Jlec Ha Bopckie” B pa3IM4YHBIX ITO-
noxeHusix Karenbl (XT — xurnHasa, Bl — B-miokosunasa, KC — keunosunasza, KO — kucnast pocdarasa, D — menounas
docdarasza, 3nech 1 Ha puc. 5 u 6); (a) aGCOMIOTHAsE aKTUBHOCTD (HMOJIb 4-MY®/ nouBsbl B yac), (0) yaeabHasi aKTUBHOCTh

(MxMonb 4-MY®D/r C, s B Hac).

TpaH3UTHOI 30HBI — 90 HMOIb 4-H®/T MouBHI B yac,
YTO CBSI3aHO, BEPOSITHO, C OCOOEHHOCTSIMU 3PO3MOH-
HO-aKKyMYJISITUBHBIX ITPOLIECCOB B 3TOM YaCTH CKJIOHA.
Pacnaika Bo MHOroM HUBEJIMPYET pa3andus B OMOJI0-
ITMYECKOl aKTUBHOCTU IIOYB Ha pa3HbIX ydyacTKax
CKJIOHA: B MAaXOTHBIX arpoyepHo3eMax He BbISIBJICHO
JIOCTOBEPHBIX Pa3nuuuii B (hepMEHTAaTUBHOUN aKTUB-
HOCTH B 3aBUCUMOCTH OT MOJIOKEHUS B KaTEHE.

151 cephbIX TIOYB 3aBUCUMOCTh (hepMEHTATUBHOM
aKTUBHOCTH OT MOJIOXKEHUS B KaTeHe 0oJiee 3aMeTHa.
B menuHHBIX cepbIx MOYBax OTMeUeHa OoJblas ak-
tuBHOCTh X T, BI' 1 KC Ha BomopasnelbHOM ydacTke,
akTMBHOCTH KD MakcuMasbHa B MOYBE aKKyMYJISITUB-
HOI1 30HBI. B 11eJT0M 3Ke, Kak 1 B KaTeHaX YePHO3EMOB,
MUHUMaJIbHbIE 3HaYeHUsI (hDePMEHTATUBHOU aKTUB-
HOCTH BBISIBJICHBI B LIEJTMHHOM CEPOil TOYBE B TPAH3UT-
HOI1 30He. B arpocepbix nmouBax HaOIIOAaeTCs yBEJIMUE-
Hue aktuBHOocTH K® Ha BomopasnesibHOM ydacTkKe
CKJIOHA, YTO CBS3aHO C YMEHBIIEHUEM CONEPXKAHUS
JIOCTYITHBIX (hochaToB HA JTAHHOM OTpe3Ke. Beicokue
3HayeHUs aKTUBHOCTH BI' B mouBax B aKKyMyIsSITUB-
HOIi YaCTU KaTeHbI CBSI3aHbI C OOJIBIINM COIepXKaHU -
eM C,,; 1 601bIIMM comepXXaHueM PU3NIECKOM ru-
Hbl B aKKyMYJISITUBHOM 00JIaCTU KaTEHBI arpoCepbIX
MOYB, YTO B CBOIO OUYEPE/b SBISIETCS CIENCTBUEM Ha-
MbIBa MEJIKO3eMa.

YCITEXY COBPEMEHHOM BUOJIOTUH

Takum oOpa3oM, OTIu4YUs B (epMEHTATUBHOM
aKTMBHOCTH IIOYB Ha Pa3JIMYHBIX ydyacTKax KaTeH B
OoJibllIeii CTETIEHN XapaKTEPHBI JJISI MaXOTHBIX ITOYB
¥ MEHee 3aMEeTHBI B KaTeHaX UX LIEJIMHHBIX aHAJIOTOB.
B 1ie10M, 6611BI11as1 BApraOeIbHOCTD B 3aBUCMOCTH OT
reoMop¢OJOrMYECKUX YCIOBUI XapaKTepHa ISl TT04-
BEHHbIX (hepMeHTOB (ocharHoro 1ukia. OTCyTCTBUE
M3MEHYMBOCTHU B aKTUBHOCTU (DEPMEHTOB YIJIEPOTHOTO
MKJIa B YepPHO3EMAaX €CTECTBEHHbBIX U IIAXOTHBIX KaTeH
MOXET OBITb CBSI3aHO C MEHBIIIE CKOPOCTBIO Pa3JIOxKe-
HYSI TIOYBEHHOT'O OPraHMYECKOTIO BEIIECTBA 1 €ro 00JIb-
I CTaOWJIBHOCTBIO, TI0 CPABHEHMIO C CEPbIMU JieC-
HBIMHU TTOYBaMU. AHAJIOTUYHBIE TeOMOP(OIOTNISCKU
00yCJIOBIEHHBIE 3aKOHOMEPHOCTH B (DYHKIIMOHATb-
HOM pa3HOoOo0pa3nu U CTPYKTYpe MUKPOOHBIX CO00-
IIECTB I1I0YB BBISIBJICHBI IIPY U3YYCHUHN IbIXaTeIbHBIX
OTKJIMKOB Ha BHECEHME HU3KOMOJEKYJISIPHBIX MC-
TOYHUKOB yriaepopaa (dymanoBa u ap., 2023).

Kak u B ciiyyae ¢ MUKpoOHOI OGuomMaccoii, He-
OXMAAaHHBI 3aMETHBIC pas3Muusl B 3HAUCHUSIX (ep-
MEHTATUBHOI aKTMBHOCTH MEXIY BEpXHEl 1 HIK-
Heil 4acThIO ITaXOTHOIO TOPM30HTA arpocepoil Mod-
BbI. [Ipruem BbIcoKast (hepMeHTAaTUBHASI aKTUBHOCTD
B cioe 10—20 cMm HaG/I0IaeTCs U B MaXOTHBIX ITOYBAX, U
B LIEJIMHHBIX, XOTS B TTOCJEIHEM CIydae pa3jindus Me-
Hee BhIpaXkeHbI. [IpIrHbBI BEICOKOI (hepMEHTaTUBHOM
TOoM 143

Ne 4 2023



MHUKPOBHAA BMOMACCA U ®EPMEHTATUBHAA AKTUBHOCTD

411

Bonopaznen Tpan3utHast 30Ha AXKyMyJISITUBHASI 30HA
(a) XT XT XT
200 200 200
150 150 150
100 100 100
e 50 Bl o 50 Bl 10 50 BT
1 . kA
0 A ’ /
KD KC Kd KC Ko KC
©)
11{0] bI' j11{0] bI' 11{0] bI
T=
\
\
A
KD KC K®d KC
== (—10 cTenp ==== 10—20 crenb 0—10 mamrHs === 10—20 nmanrHs

Puc. 5. ®epmeHTaTBHAsA aKTUBHOCTb (HMOJIb 4-H® /T 1TOYBKI B Yac) LIeJIMHHBIX TOYB M arpOYepHO3eMOB KJIIOUEBOTO yJacTKa
“sMckasi cTernb” B pa3IMYHbIX TOJIOXEHUSIX KaTeHbI; (a) aOCOII0THAsI aKTUBHOCTH (HMOJIb 4-H®/r ouBsI B Uac), (0) yaesibHast

aKTUBHOCTb (MKMoJb 4-H®/r C, ;5 B yac).

aKTUBHOCTHU 1MOYB B cioe 10—20 cM — m1oCTaToyHO CTa-
OWJIBbHBIEC TeMIIEPAaTypHBIE U BOIHO-BO3IYIIIHbIE YCIIO-
BUSI B 00Jiee NTyOOKMX CIOSIX TP OMUHAKOBOM C BEpX-
HUM cjioeM conepxanuu C,,. M WINCTOH (hpakunu.

Yoeavnas pepmenmamuenas akmusrnocms

DdepMeHTAaTBHAS aKTMBHOCTbH, BBEIpaXKeHHAas Ha
Maccy IIOYBBI, HE TTIO3BOJISIET B IIOJIHOM Mepe OLICHUTh
COCTOSTHE MUKPOOHOI'0 COOOIlIeCTBa KaK TaKOBOTO,
MOCKOJIbKY OJTHA Y Ta XK€ eNUHUIIA MUKPOOHOI O1o-
MAacCHI B pa3HbIX YCJIIOBUSIX MOXKET JEMOHCTPUPOBATh
pa3ylo cTeneHb aKTUBHOCTU. B 3TOM acmekre ¢ep-
MEHTaTHUBHAasl aKTUBHOCTbD SIBJISIETCSI B OOJIBIIION CTe-
MEHU BKOJOTMUYECKOI XapaKTepUCTUKOI MOUBbI KakK
YaCTH 9KOCUCTEMEI, YTO HE IT03BOJISICT CYIUThb O CO-
CTOSTHMM CaMOT0 MUKPOOHOTO COOOIIIeCTBa 1 HE HaeT
BO3MOXXHOCTHM CPaBHUBATh MEXIY COOOI COCTOSTHUE
MUKPOOHBIX COOOIIECTB ABYX ITOYB. B CBSI3M ¢ 3TUM
MpoBelieH pacyeT (pepMEHTATUBHOM aKTMBHOCTU Ha
eIVHUIY MUKpPOOHOI OMOMAacChl — YHEJIbHOM aKTHUB-
HocTH. Paszmiuns B yIebHOM aKTUBHOCTH (DEPMEHTOB
LIEJTMHHBIX Y TTAXOTHBIX BAPUAHTOB, KaK MbI TT0JIaracM,
XapaKTePU3YIOT BHYTPEHHIOIO CTPYKTYPY U COCTOSTHUE
MUKPOOHBIX COODIIECTB 1 B O0JIbIIIEH CTeNeH! OTpaXKa-

YCITEXY COBPEMEHHOM BUOJIOTUU  Tom 143
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0T UISMCHCHMI ITOCJICIHMX B CBA3U C I‘COMOp(I)OJIOI‘I/I‘IC—
CKMMU YCJIIOBUAMM U aHTPOITIOICHHBIM BO3IEHCTBUEM.

VaenpHast pepMeHTaTUBHASL aKTUBHOCTh arpoce-
PBIX TIOYB M arpovYepHO3E€MOB Pa3JIMYacTCsl BEChbMa
CYLIECTBEHHO, TPU 3TOM aKTUBHOCTb OTIAEJIbHBIX
¢epMEHTOB IIpU 3eMJIeIeIbYSCKOM OCBOSHUN MEHSI-
eTCs1 pa3HoHarpaBieHHO (puc. 40, 50). Pacnamika
YEepHO3EMOB MPUBOAUT K JTOCTOBEPHOMY YBeIUYE-
Huto yaenbHoit aktuBHocTy X T, BI' 1 KC (p < 0.01).
ITpu aTOM pacmaiika MpakTUYEeCKU HE OTpaxkaeTcs
Ha aktuBHOCTU K® u HI®D. Ecau akTMBHOCTH BCexX
M3YYEeHHBIX (DEPMEHTOB Ha €OUHUILY MACChl ITOYBBI
HE pa3IMyaloTCs B Pa3HbBIX MTO3UIIMSX B KATEHE arpo-
YepHO3eMOB, TO yhelibHas akTuBHOCTh BI, K® un
1D HeckoNMbKO MOBLIIICHA B arpoYyepHO3eMe Ha BO-
nopasaeiie, a aktuBHOCTh 11D TakKe yBeaudeHa B
MOYBe aKKyMYJIITUBHOM 30HbI. ClienyeT OTMETUTh, YTO
BO BCeX IOYBaX (pepMEeHTATUBHAsI aKTUBHOCTD BBIIIIE B
cioe 10—20 cm.

B xaTeHax cepbIx MOYB KJIoueBoro ydyactka “Jlec
Ha Bopckie” mpoTHBOIONOXHAS CHUTYyalUs: 31IeCh
pacrmainika o0ycIoBINBaeT CHIKeHUE (hepMEHTATUB-
HOM aKTMBHOCTHU, IIPUBEISHHOI K MHUKPOOHOI OMO-
Macce, HO JOCTOBEPHOE YMEHBIIIEHUE BBISIBJIEHO TOJIb-
KO B oTHolleHuu aktTuBHOCTU XT 1 KD (p < 0.05).
BaxxHO OTMETUTB yBETUYEHUE YAECTbHON AaKTUBHOCTH
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K® B ciioe 10—20 cM B arpocepoii 11oYBe TpaH3UTHOM
30HbI, a TAKXKE yIeJbHOU akTUBHOCTU BI' B TpaH3UT-
HOM 1 aKKyMYJIITUBHOIT 30HaX KaTEHEBI, XOTs pa3jin-
41T HEAOCTOBEPHBI MEXKAY LIEJIMHHBIMU 1 TTAXOTHBIMU
nouBaMu. Pacripenenenue pepMeHTATUBHOM aKTUBHO-
CTH, BbIpaXXEHHOI Ha MUKPOOHYIO O1oMaccy, 110 Ipo-
(W0 MOYBHI B 1LIEJIOM AHAJOTMYHO PACIIPEICICHUIO
depMeHTATUBHOI aKTUBHOCTH, BEIpAXKEHHOI HA Maccy
nouBsl. JIume M Ha Bcex yyacTKax KaTeH BBIIIC B
ciroe 10—20 cm. Ocobo ciremyeT OTMETUTD 00JIee BBICO-
KUe 3HaYeHUsI aKTUBHOCTU BCeX (PEPMEHTOB B ITOYBE Ha
BOJIOPA3AC/IbHOM YYaCTKe MaIllHU.

Panee nmokazaHo (Silva et al., 2019), 4To aKTUBHOCTb
¢depMEeHTOB, BbIpaXE€HHas Ha EIUHUILY MUKPOOHOI
Oromacchl, OTpaKaeT MeTabOJUIYECKUIA CTaTyC MUK-
pOOHOro COO0IIECTBA I UBMEHEHMSI B ITyJIe CTAOMIN3-
poBaHHBIX (hepMeHTOB. CrenoBarebHO, TOJTyYeHHbIe
HaMU pe3y/abTaThl CBUAETENLCTBYIOT O BO3pacTaHUU
dusnonaornyeckoin 3(HEeKTUBHOCTU MUKPOOHOIO CO-
o0111ecTBa MpPU pacnallike CTelmHbIX MouyB. B ciydae ¢
JIECHBIMU TTIOUBaMM yjieibHas (hepMeHTATUBHAS aKTUB-
HOCTb YMEHBIIIEHA, MOXHO JIUIIIb OTMETUTb TEHIIEH-
LIMIO K YBEJIUUEHUIO yaesibHOU akTuBHOCTU BI mipu
pacnarike.

H3BecTHO, uTO (hepMeHTaTMBHAsI aKTUBHOCTb YBE-
JIMYMBAeTCsl MpPU M30bITKE pecypca U YMEHbIIaeTcs
MPU €ro HEeJOCTAaTKe, UTO SIBJISIECTCS] CTpaTerueii Bbl-
>KUBaHUSI TIOYBEHHBIX MUKPOOPIraHM3MOB B COOTBET-
CTBMU C TeOpHeil MMKpOOHOro meradonmsma (Sinsa-
baugh et al., 2008). VYnenbHast aKTUBHOCTb, HAIIPOTUB,
He CBsI3aHa C U3MEHEHUEM CTeIeHU JOCTYMHOCTHU pe-
cypca, U ee BbICOKME 3HAaYeHUs B IouBax 00ycioBe-
HBbI 0OJIbIIIEH CKOPOCTHIO MTPOAYLIMPOBAHUS (DEPMEH-
TOB IIpu pacraiike noussl (De Medeiros et al., 2015).

Cmamucmuueckas 06pabomrka 0aHHbIX

Cratuctudeckasi 00paboTKa pe3yabTaToOB OLIEHKM
¢depMEHTATMBHOM AaKTUBHOCTM IOYB M CBSI3AHHBIX C
Hell (U3NKO-XMMNYECKNX TT0Ka3aTesieii, IIpOBOAMIACh
C TTOMOIIIBIO METO/Ia TVIABHBIX KOMIIOHEHT (puC. 6a).

ITokazaHo, 4TO C TIepBbBIMU ABYMs (akTopaMu
cBs13aHbI 78% 006111eit Baprauu. Bece mouBeHHbBIE Xa-
pakTepUcTUKu, Kpome coaepxxanusi CaCO;, 3Hauu-
Mbl (p = 0.05). C pakTopom 1 mperMyIeCTBEHHO CBSI-
3aHa ¢hepMeHTaTUBHAas1 aKTMBHOCTb, pH, conepxkaHue
Copr» cooTHOMIEHHEe C/N. Ipu 3TOM Hanbonee TeCHYIO
OTpUIIATENIbHYIO B3aMMOCBSI3b C (pakTopoM | JeMOH-
crpupyot conepxanue C,,, aktuBHOCcTh BI, XT, KC
HI®. Jng mokas3aTeseil IpaHyJIOMETPUYECKOTO CO-
cTaBa oOHapy:xKeHa cyiabast oTpuliaTeJIbHasI B3aUMO-
CBsI3b € (hakTOpoM 1 M ciiabast MoJoXUTebHAs B3au-
MOCBSI3b ¢ ¢pakTopoM 2. MuUKpoOHass 6momMacca I11o-
Ka3blBaeT TECHYIO OTPULIATEIbHYIO B3aMMOCBSI3b C
dakTopomM 2.

daxkTop 1, o6bsicHsIOMMNI 57.9% Bapuanuu, rpe-
WMYIIECTBEHHO CBSI3aH C TUTIOM TTOYBEI. B 11paBoit mo-
JIYTZIOCKOCTH PACTIONIOXKEHBI TTTaBHBIM 00pa3oM cephle
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JIECHBIE TIOYBHI, a B JIEBOI — 4yepHO3eMBl. DakTop 2,
oObsacHsIoNMin 19.7% Bapualyu, CBI3aH ¢ aHTPOIIO-
TeHHOI TpaHc(opMalueil I0YB: ITaXOTHBIE BapUaHThI
IOYB, KaK IIPaBWJIO, CTPYIITMPOBAHbBI B BEpXHEI TTOTy-
TUTOCKOCTH, a 3aIlTOBEIHbIC BAPUAHTHI — B HIDKHEIA.

I'pynmupoBKa 0OBEKTOB I10 TUITY ITIOYBEI O0YCIIOB-
JIEHa pa3HbIMUY TUIIAMU PACTUTEIBHBIX OCTAaTKOB, IO~
CTyHaIoIIUX B IMTOYBY B YCJIOBUSX JIECHOU U CTENHOM
9KOCHUCTEM, M YCIOBUSIMU IJISI UX MHUHEpaIu3aluun
MMOYBEHHBIMI MUKpOOpraHudMamu. B mepBylo oue-
pellb 3TO OTHOCUTCS K KOPHEBOM Macce, 00beMbl KO-
TOPOM B CTEIMHBLIX ITOYBAX 3HAYMTEJILHO BEIIIE, I10
CpaBHEHUIO C JecHbIMU TTouBamMu (basuneBuy, 1993).
HMmeHHO 66mblMe 00beMbl KOPHEBOM MOPTMACCHI,
MOCTYHAIOLIEH B CTEITHbIC MOYBHLI, OOYCIOBIMBAIOT
0OoJiee BLICOKYIO OMOJIOTUYECKYIO aKTUBHOCTh YEPHO -
3€MOB, 110 CPABHEHUIO C CEPBIMU JIECHBIMY ITOYBAMM.

Pacnpenenenue mouys no (axkropy 2, CBI3aHHOE C
AHTPOIIOTEHHOI HaTrpy3KOoi, 00YCIIOBICHO CYIIIECTBEH-
HBIMU PA3TNYUSIMU MUKPOOHOI GOMAaCChI B 3aITOBE/I -
HBIX 1 TTAXOTHBIX ToYBaX. Hanbosmpliree oTpuiiaTebHOEe
cMenieHne 1o akTopy 2 OTMEYEHO IS BEPXHETO CITOST
LIETMHHBIX CEPbIX JIECHBIX MTOYB Ha BOJIOpAa3/eie U B ak-
KYMYJISITUBHOM 9acTH KaTeHbl. IMeHHO 31ech 3arK-
CHpPOBaHBl MaKCHMMaJIbHBIE 3HAUYCHUS MUKPOOHOM
Ouomacchl. B BepxHeM cJioe TpaH3UTHOU 4YacTu 1ie-
JIMHHOM KaTeHBI CePBIX JIECHBIX TTOYB 3HAYCHUST JaH-
Horo mokasatens B 2.0—2.5 pa3a menbine. Ha ¢daxk-
TOPHOM TIJIOCKOCTU COOTBETCTBYIOIIASI TOYKA BXOAUT
B IPYIINY LIEJIMHHBIX CEPbIX JIECHBIX TTOYB, pacrnoja-
rasich psSiioM C KOOpAMHATaMHM, OTMEUEHHBIMU LTSI
ciost 10—20 cM Ha Bomopaszene U B aKKyMYJISITUBHOM
yacTi KateHbI. B cimoe 10—20 cM TpaH3uTHOI 9acTh 3a-
TTOBEIHOM KaTeHbI OMOJIOTMYecKast aKTUBHOCTb YMEHb-
1lIeHa 10 YPOBHSI arpocepbix mouB. [Tpu 3ToM MUKpPOO-
Hasi 6oMacca MocJaeTHNX JOCTOBEPHO HE OTIIMYAETCS B
cimostx 0—10 1 10—20 cMm, 9To OoTpazkaeT TecHas TPy~
POBKa COOTBETCTBYIOIIMX TOUEK. Takasi ke 3aKOHOMep-
HOCTb OTMEUYEHA 1 JUTSI arpOYePHO3EMOB, TIE Pa3TUIHST
MUKPOOHOI OMOMAacChl B OTHCIBHBIX CJIOSIX HECyIle-
CTBeHHBI. B 3amoBenHbIx yuepHo3eMax ciiou 0—10 u 10—
20 cM IO KOJIMYECTBY MUKPOOHOI OMOMAacChl OT/IMYa-
fotcs B 2.0—2.5 pasza, Ha 9TO YKa3bIBaeT UX MOCIOMHOE
pasneneHue Ha (haKTOPHOM TIOCKOCTH.

DdepMeHTaTUBHAS aKTUBHOCTh, BBIpaXKeHHAas Ha
MUKPOOHYIO OrioMaccy (puc. 60), 00HapyK1UBaeT MHbBIE
B3aMMOCBSI3U C MTOYBEHHBIMU XapaKTEpUCTUKAMMU,
MpeXae BCEeTo ¢ TPaHYyJIOMETPUYECKHUM COCTAaBOM
MOYB, YTO MO3BOJISIET HECKOJIBKO NHAYe pacCCMOTPETh
30HAJIbHBIE ¥ aHTPOIIOTEHHO 00YCIIOBIIEHHBIE pa3Ji-
yusi UX OMOJOTMYECKOM akTuBHOCTU. [lepBhie nBa
(daktopa o6bscHsIOT 82% oOIIeit Bapuanuu. Bce
IMOYBEHHBIE XapaKTEPUCTUKH, KPOME COAEPKaHUS
Copr» 3HaunMbl (p = 0.05). ITokasarenu pepmeHTa-
TUBHOM aKTUBHOCTU, pH, TpaHyJIOMEeTPHUUYECKOTO CO-
craBa, C/N, cBsizaHbl ¢ pakTopoM 1. [Tpu 3TOM HanGo-
JIee TECHYIO OTPHUIIATEIIEHYIO B3aUMOCBS3b MPOSBIISIOT:
conepxxanve wia, mmHbl, C/N, aktuBHocTh 1D 1
TOoM 143

Ne 4 2023



MHUKPOBHAA BMOMACCA U ®EPMEHTATUBHASA AKTUBHOCTDb 413
(a)
3
AYAO
5 AUAL AU
AqA. AI‘IB
Inna O
X 1 /N A ACt, . ACy
) AC
o H A INC
2 BFp Copr AC, ACr T
.. AC
2 -1 YA e "AcC
% Kd T
(S] Ur
-2 .qB.
-3 ‘CA
Cp
—4 A CMO
_4 -2 0 2 4 6
®akrop 1: 57.91 %
(©)
4
o
3
R CaCO s
v 2 OqA 2 3 b 4
< Y
2 pH ®AYY ®
i 2B O ACA Ac,
§ FHHHa‘I/IHAHi I ACH Ca
% 0 C/N ® AT ACy
5 ik Caly, PGy
—1 BFK B C T
Oau, X1 C Cr
—2 O Ay, OAU,
=3
—6 —4 -2 0 2 4

®daxrop 1: 62.52 %

Puc. 6. MeTon m1aBHBIX KOMITOHEHT JJISI XUMUYECKUX M MUKPOOMOJIOTMIECKUX TTapaMeTpoB. (a) AGcoimoTHas (hepMeHTaTUBHAS
aKTUBHOCTb, (0) ynenbHast hepMeHTaTMBHAsI aKTUBHOCTb. YCJIOBHBbIE 0003HaueHus1: C — cepble LeIMHHbIE 1ouBbl, AC — arpoce-
pble, Y — yepHO3eMbI LieIMHHBIE, A — arpoyepHo3eMbl. Majible MHIEKChl: B — Bogopas3nenbHblit yuacTok, T — TpaH3UTHAsI 30Ha,
A — aKKyMyJISITUBHAsI 30HA. 3aKpallleHHbIe CUMBOJIBI — cJ10it 0—10 cM, He 3aKpaleHHbIe CMMBOJIBI — ctoid 10—20 cm.

K®. AxtuBHoctu BI, KC u XT Haxondrcs B ciaaboii
OTpHULIaTe/IbHOI B3aMOCBsI3U ¢ pakTopamu 1 u 2. Co-
nepxanue CaCO; u pH obHapyxuBaioT ciadyto no-
JIOXUTEIBbHYIO B3aUMOCBSI3b ¢ (hakTopoM 1.

®axTop 1, oobsIcHAIOILINI 62.5% Bapualu, CBsI-
3aH C TUITOM ITOYBHEI. B ITpaBoii MOIyNI0CKOCTH IJIaB-
HBIM 00pa30M PaCIIOJIOXKEHBI CEphIe JIECHBIC ITOYBHI,
a BJIEBOI — YepHO3eMbl. Booib pakTopa 2, 00BSICHSI -
fouero 19.5% Bapuanuu, oTMEYEHO paszesieHe 3a-
MOBEAHBIX YePHO3EMOB, IPYNIUPYIOLINXCSI B BEepX-
HEM MOJIYIIJIOCKOCTU U arpOY€pPHO3EMOB — B HUXKHEM
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NoJIyIUIOCKOCTU. B 1ie10M, yaenpHass ¢depMeHTATUB-
Hasg aKTUBHOCTh YEPHO3EMOB YOBLIBAET B PSIAY: arpo-
yepHo3eMbl, ciioit 10—20 cM — arpoyepHO3eMblI,
cioit 0—10 cM — 3armoBeIHbIE YePHO3EMBI, CJIoi 10—
20 cM — 3amnoBemHbIe YepHO3eMbl, ciioii 0—10 cMm.
VMeHbIlleHrne MUKPOOHOI OMoMacchl KakK ¢ IIyOu-
HOI, TaK U B pe3yJIbTaTe pacIialllKi He COIPOBOX/Ia-
€TCS SKBUBAJIEHTHBIM YMEHbIIIEHUEM (pepMEeHTATUB-
HOWM aKTUBHOCTH TTOYBBI, a yAeabHast (hepMEeHTATUB-
Hasl aKTUBHOCTB IIPU 3TOM 3HAYUTEILHO BO3PACTAET,
YTO, KaK ObUIO CKa3aHO BHIIIE, CBSI3aHO C OOJIbIIEH
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METa00INIECKO aKTUBHOCTHIO ITAXOTHBIX I104B, I1O0
CpaBHECHUIO C HCJINHHbBIMU.

B rpynne cepbix moyB LeMHHbIE BAPUAHTHI, KaK
MpaBUJIO, pacliojaralTcs Ha (pakTOPHOM MI0OCKOCTU
HIDKE UM JieBee, YeM IMaXOTHble. DTO pacrojioXeHue
00YCJIOBJIEHO, TIPEX/e BCEro, BHICOKOM aKTMBHOCTBIO
K®. 3amerHoe yBequueHUe yAebHON aKTUBHOCTU
XT, KC u BI' — (pepMeHTOB a30THOTO U YIJIEPOIHOTO
LIMKJIOB — OTMEUEHBbI B TAaHHOM IPYyIIIe TOJIbKO Ha BO-
nopasaeie B ciioe 0—10 cM.

SAKIIIOYEHHWE

Turm nouBbI U CBSI3aHHAS C HUM pa3HHULIa 00bEMOB
1 GHOPM OPraHUYECKOTO BEIIECTBA, CTPYKTYp MHUK-
POOHOTrO COOOIIIECTBA U X META0OIMUYECKOTO pa3HOO0-
pas3us 0OyCIIOBIVBAIOT BBISIBJICHHBIE pasanuust dep-
MEHTAaTUBHOI aKTUBHOCTHU LISJIMHHBIX CEPBIX TTOYB U
yepHOo3eMOB. Bce 3T (hbakTophl, B CBOIO 0Uepe/b, 3aBU-
CAT OT XapaKTepa pacTUTEILHOCTY (IpeBecHas1/TpaBs-
HUCTAasT), a TAKXKE OT KeTOIHBIX 00BEeMOB OTMEPIIICH
¢dpuTOMACCHI M ITPENMYILIECTBEHHOM JIOKAJIM3ALINH ITPO-
LIECCOB MUKPOGHOTO Pa3lIOKEeHUS TIOCIeaHEN (Ha3eM-
HBII ciioii/mouBa). HeMamoBaxkHyI0 pojib UTpatoT (hu-
3UKO-XVMWYECKME YCIIOBUSI M TPaHYJIOMETpUYECKUIA
COCTaB ITOYB, 4 TAK3Ke CKJIIOHOBBIE IIPOLIECCHI, IIPUBO-
ISIIe K Tiepepaciipeie]IeHUIo MeJiko3eMa. B cBsa3u ¢
STUM aOCOJIIOTHO OXUJIAEMOM BBHINISIIUT OOJiee BbI-
cokast pepMeHTaTUBHAsI AKTUBHOCTD LIEJTMHHBIX Yep-
HO3EMOB, TTI0 CPABHEHMUIO C CEPhIMU JIECHBIMU TTOYBa-
Mmu. CrieKTp (PepMEHTOB, XapaKTEepU3YIOLINXCS BbI-
COKOM aKTUBHOCTBIO, TaKXKe OIIPENeNIsIeTCS] THIIOM
pPaCTUTEILHOTO MaTepuralia: B 3TOM OTHOIIEHUM T10-
Ka3aTeJIbHa BBICOKAsI aKTUBHOCTb XMTUHA3bl B JIeC-
HBIX OYBAaX, IJe rPUObI BEICTYMAIOT B KAUECTBE BEAy-
IIETO AECTPYKTOpa IpeBeCHOU MopTMacchl. OmHaKo
CJIeAyeT OTMETUTD, UYTO B JIECHBIX 3KOCUCTEMAX B CUITY
6oJiee aKTUBHBIX 3PO3HMOHHO-aKKYMYISITUBHBIX MPO-
IIECCOB 3aMETHYIO POJIb B OOIIEH cUTyanuu ¢ hepMeH-
TAaTUBHOI aKTMBHOCTBIO UTPAET ITOJIOXKEHUE IOYBLI B
KaTeHe. OCOOEHHO 3TO KacaeTcsl CEPOit ISCHOM MOYBBI
B TPAH3UTHO 061aCTH KaTCHHI.

MOXHO TakXe OTMETUTh, YTO B LIEJTUHHBIX Bapy-
aHTax KaTteHbl cepbiX MouyB ciaou 0—10 m 10—-20 cm
II0YB Pa3IMYaloTCcs Mo (pepMEHTATUBHOM aKTUBHO-
CTH, a, CJIeNOBATENIbHO, U 0 METabOIMYESCKOMY pas-
HOOOpa3nio MUKPOOHBIX COOOIIIECTB, B TO BpeMsI KakK
B LIEJIMHHBIX YepHO3eMaxX TaKUX pa3Iuduii MeXIy
CJIOSIMU He HaOJIomaeTCs.

BecbMa 1mmokazarenbHbl M3MEeHEHUST (hepMEHTaTHUB-
HOIl aKTMBHOCTHU IIOYB Ipu pacnamke. Ha ¢one
YMEHBIIEHUSI MUKPOOHOI GMoMacChl MPOUCXOIUT
3HAYUTEIbHOE YMEHBIICHUE (pepMEHTAaTUBHOI aK-
TUBHOCTHU TOYB OOOUX TUIIOB, OMHAKO aKTUBHOCTH
OCTaBIIEICS YacTU MUKPOOHOTO COOOIIIeCTBA CyIIIe-
CTBEHHBIM 00pa30M OTJIMYACTCS B arpoYyepHO3eMax 1
arpocepbIx nouBax. Pacnalika yepHo3eMa NpOBOLIM-
pYET pe3Koe YBeJIMYeHUE yaeJbHOU (hepMEHTATUB-
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HOT aKTUBHOCTH (IIPUBEACHHOM K eTMHUIIC MUKPOO-
HoM 6romaccel). [Tpu 5TOM B KaTeHaxX CepbIX U arpoce-
PBIX ITOYB 3HAYeHUSI (PEPMEHTATUBHOI AKTMBHOCTH,
MpUBEACHHBIE K €IMHUIIE MACCHI ITOYBHI U K SAVMHUILIEC
MUKPOOHOI OHroMacchl, ObUIM JOBOJBHO OJIM3KMU.
DTO CBUMIETEILCTBYET O 00JIee BEICOKMX YPOBHSIX U (DU~
3MOJIOTUYECKOM 3(P(PEKTUBHOCT MHUKPOOHOIO CO0O0-
IIECTBA MAaXOTHOTO YePHO3eMa, U CKOPOCTU MPOAYLIM -
poBaHUs (epMEHTOB Ha eAUHUILY MUKPOOHOIT O10-
Macchl. MHBIMU CJIOBaMU, €CJIU B CEPBIX JIECHBIX
rMoyBax MpM pachaiike HaOJrogaeTcs aOCOJI0THOE
YrHeTeHHe OMOJIOTUYECKOM aKTUBHOCTH, TO B YUEPHO-
3eMax 3TOro He ImpoucxoauTt. Jla, paccuuTaHHbBIE Ha
€IWHUILy MacChl ITOYBbl MUKPOOHAasi bmomacca U ak-
TUBHOCTb (D€ PMEHTOB YMEHBIIIAIOTCS, OMHAKO aKTUB-
HOCTh OCTaBIIEHMCS YaCTU MUKPOOHOTO COOOIIIeCTBa
Bo3pacTtaeT. M1 B mepBylo ouyepeab 3TO OTHOCUTCS K
HIDKHEM 4acTM MaXOTHOIO TOPM30HTA, THE YCIOBUS
(YHKIIMOHUPOBAHUSI TIOYBEHHBIX MMKPOOPIraHU3-
MOB 0oJiee CTaOMJILHBI.

Takoro poga arpecCCMBHOCTb MUKPOOHOIo co00-
11IECTBA MaXOTHBIX YEPHO3EMOB MPEACTABISIETCS HAM
BeCbMa TPEBOXHBIM CUTHAJIOM TOTO, YTO CKOPOCTh
MUHEpaIu3alii OpraHUYeCcKOro BellecTBa B YCJIO-
BUSIX pacraliku OyneT pe3KO YBEJIWYMBaTbCS, UTO
MOXET TPUBECTU K OBICTPOMY HCTOILEHUIO MOYBHI,
KakK 3TO, TTO-BUAMMOMY, YK€ MPOU3OIILIO C PACCMOT-
PEHHBIMU arpocepbiMU MOYBaAMM.
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Soil Enzyme Activity in Natural and Ploughed Catenas
as Parameters of Physiological State of Microbial Communities

E. V. Chernysheva® *, K. S. Dushchanova?, T. E. Khomutova?, and A. V. Borisov*

“Pushchino Scientific Center for Biological Research, Russin Academy of Sciences,
Institute of Physicochemical and Biological Problems in Soil Science, Pushchino, Moscow region, Russia

*e-mail: e.chernyysheva@yandex.ru

The study of soil microbial biomass and enzymatic activity of natural and anthropogenically transformed eco-
systems was carried out. The catenas of virgin luvisols and chernozems of the Belogorye Natural Reserve and
the catenas of arable soils were studied under similar geomorphological and lithological conditions. The ac-
tivities of enzymes involved in the cycles of carbon (B-glucosidase and xylosidase), nitrogen (chitinase), and
phosphorus (acid and alkaline phosphatase) was studied. It has been established that a decrease in soil mi-
crobial biomass as a result of ploughing is not accompanied by an equivalent decrease in the enzymatic activ-
ity of the soil. Differences in the enzymatic activity of different soils types were revealed, which indicates dif-
ferences in the structure of the microbial community and the type of phytocenoses. Patterns of changes in the
enzymatic activity of soils in watershed areas, in the transit and accumulative parts of catenas have been es-
tablished. The values of specific enzymes activities (enzymatic activities per unit of microbial biomass) were
calculated. The obtained patterns of changes in the specific enzymatic activity of arable soils indicate that, despite
the loss of organic matter and a decrease in microbial biomass as a result of plowing, the physiological efficiency of
the microbial community of agrochernozem is higher than in virgin soil. High specific enzymatic activity in arable
soils is associated with higher rate of enzyme production by soil microorganisms due to land use changes.

Keywords: organic matter, microbial communities, phosphatases, 3-glucosidase, chitinase, xylosidase, farm-
ing practice
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