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IToxazaHo, YTO KOJIMYECTBO MUKPOOPTraHW3MOB M MHTEHCHBHOCTh MOY-
BEHHO-OMOJIOTHYECKUX ~ TPOIECCOB B  arperarax MHUTPalMOHHO-
MHUIIETSIPHOTO MOCTarPOI€HHOT0 YEpHO3EMa CBA33aHO C MX Pa3MEpaMH.
Tpanchopmanst OpraHWYECKHX BEUIECTB, OCOOECHHO pa3JoKEHHE
CJIOKHBIX OPraHMYECKHX COCAWHEHUH MHKpPOOpraHM3MaMH aKTHBHEE
MIPOMCXOANT B Meskux arperarax < 1 mm. KosmmdecTBo akTHBHBIX
(OpM MHKPOOPraHM3MOB YIJIEPOJHOTO ILHMKJIA YBEJIHYMBACTCS OT
KPYIHBIX arperaTtoB K MEIKUM. AKTHBHOCTb MHUKPO(IOPHI a30THOTO
LUKJIA TTOBBIIIAETCS OT MEJIKHX K arPOHOMHYECKH [IEHHBIM arperaram
(1,0-5,0 MmM) 1 cHOBa cHIDKaeTcst K Gostee KpymHBIM arperatam. Ilpe-
JIOXKEHO BBECTH IOHSITHE «OMOJIOTMYECKH LIEHHBIC» arperarsl, CB3aH-
HOE€ C aKTMBHOCTHIO MHUKPOOPI'aHM3MOB B CTPYKTYPHBIX OTIEIBHOCTSIX
pazmepom 1,0-5,0 mm.

Krouesvie cnosa: MUKpOOHBIN MMyl, OMOJOTHYECKAs] aKTUBHOCT, MOY-
BEHHBIC arperarsbl, IOYBEHHO-OUOIOTHIECKHE MPOIECCHI.

[louBeHHBIE arperatsl SIBISIOTCS YHUKaIbHBIM TPOJYKTOM
MOYBOOOPA30BaHUs], B HUX MPOTEKAIOT HNPAKTUYECKH BCE MHUKPOIPO-
1IECChI, XapaKTepHbIE JIJI1 TOPU30HTa WM MOYBHI B 11eJioM (XaH u jp.,
2007). Arperarsl SBISIOTCSA CTAOWIBHBIMU (DYHKITHOHHUPYIOIIMMH 00-
pa3oBaHUAMH, KOTOPBIE pacCMaTPHUBAIOTCS KaK CaMOOPTaHM3YIOIIHe-
Csl U CaMOPETyJIHPYIOIIUECs] CTPYKTYpHble equHMLbI nouBbl (Tpod u-
MOB, 1997). ArperaTsl nensT MOYBY Ha MHOTOYHCIIEHHBIE MHKpPO30-
HBI, B KOTOPBIX MOTYT CO3/1aBaThCsl PE3KO OTIMYAIOIINECs YCIOBHS
(3BsrunnieB U Ap., 2005). Kaxknplii MOYBEHHBIN arperar SBISETCS
KOMIUIEKCOM OJZHOBPEMEHHO CYILECTBYIOLIUX MHUKPOCPE] ISl pa3BU-
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TS W SKU3HEICATSIILHOCTH MOYBEHHBIX MHKPOOPraHU3MOB. MecTo
PACIIOJIOKEHHSI MHKPOOPTaHU3MOB B Pa3HbIX YacTAX arperara BO
MHOT'OM OTIpeiesisieT Tl uX Metaboau3ma (Hattori, 1988).

[enbro paGoOThI OBLIO OMPEAETUTh OUOJIOTHUECKYI0 aKTUBHOCTD
arperaToB pasHOW BEJIMYUHBI B MHIPAIMOHHO-MUIICISPHOM IMOCTa-
rporeHHoM depHo3eMe Kamennoi Cremnu, a Takke HHTEHCUBHOCTh U
HANPAaBIECHHOCTh MOYBEHHO-OMOIIOTHYECKHUX MPOIIECCOB.

OBBEKTBI U METObI

OO0pazer; TyMycOBOIO TOPH30HTA YEpHO3EMa MHIPAIOHHO-
MHULESPHOTO KBA3UIJIEEBATOIO TJIMHUCTOTO (YepHO3eMa THUIITHYHOTO)
HEHApYIIEHHOTO CIIOKEHHsSI pa3sMepoM 25%x25x35 cm ObIT B3AT Ha
tepputopun HUMCX IUII um. B.B. loxyuaeBa (Kamennas Cremnn)
Ha y4yacTKe KOCUMOH ctenu psaoMm c Jiecononocoid Ne 40, pazp. T-
0066 (XutpoB u np., 2007). BeicymmBanue TOYBBI IPU MUKPOOHOIIO-
TUYECKOM TI0CEBE Ha AJIEKTUBHBIE CPENbl JaeT UCKaKEHHBIE, KaK Tpa-
BUJIO, 3aHIKEHHBIE PE3yJbTaThl YHCICHHOCTH MHKPOOPTaHHU3MOB.
KommuectBo Oakrepmii ymensimaercs B 5—10 pa3, mMeHseTcs Kade-
CTBEHHBIH COCTAaB MUKPOOPTraHM3MOB (3BAruHLEB H Ap., 2005). Ilo-
3TOMY pacceB Ha arperaTsl MPOW3BOAMIN U3 CBEXKHX 00pasIoB ecTe-
CTBeHHOH BiakHOCTH. [louBa OblIa paccesHa Ha cutax: 0,25 mm; 0,5
MM; 1 MM; 2 MM; 3 MM; 5 MM; 7 MM, TIpEIBapUTEIIHHO CTEPUIIN30BaH-
HBIX 70%-HBIM 3TUIOBBIM CIIUPTOM.

B ananutnueckom unenrpe IlouBeHHoro mHcturyta um. B.B.
JlokyuaeBa B Kax1oil pasMepHO# ¢pakiuu ObUIM ONpENeNeHbl Ciie-
JIYIOLIMEe arpoXuMuyeckue nokasarenu: pH BogHOW M cojieBoil moy-
BeHHBIX cycrneH3uil (BopoOneBa, 1998); conepxaHue OOMEHHBIX
Kanplus ¥ Maraus no LlomtenGepry, konnentpamus Ca’* u Mg Ha
aToMHO-abcopbumonHoM criekTpomerpe AAS-3 (PykoBoacTBo 1o
J1Ta00paTOPHBIM ..., 1990); comepxanue oOMeHHOro Kanus nmo Macio-
BOU, KOHIICHTpAIMs Kanus Ha rameHHoM ¢dotomerpe Flafo-4 (Bopo-
ObeBa, 1998); moaBwkHBIe coenuHenus Gocopa no YnpukoBy crek-
TpoHOTOMETPUIECKIM METOINOM Ha crekTpodoromerpe Specol-220
(ArpoxuMudeckrue MeToasl ..., 1975).

O Oumomorn4ecKod aKTUBHOCTH TIOYB CYAMIN Ha OCHOBE OMpe-
JeJeHUs] YHCICHHOCTH 3KOJIOTO-TPOYHUECKUX TPYIIl MUKPOOPTaHU3-
MOB, KOTOPO€ ITPOBOIMIIM METOJIOM TI0CEBa Ha TBEPbIE MUTATEIbHBIE
cpensl (MsconentoHHblit arap — MIIA, kpaxmaloaMMua4HbIN arap —
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KAA, romonusiit arap — I'A, cpena Yaneka s KyJIbTHBHUPOBaHUSA
mukpomutietoB) (Tenmep u np., 2005) u MeTomoM TpenenbHBIX pas3-
BeneHnuil (IIpaktukym mo mukpoOuosioruu ..., 1976) Ha xxumkue cpe-
Ibl (cpena BuHorpanckoro aist KyJbTHBHPOBAHUSI aHAYPOOHBIX a30T-
¢ukcatopos, cpena F'H/| (Unpunra, @omuna, 1983) — mist Mukpoop-
TaHU3MOB T'PYIIIBl HUTPATHOTO JBIXaHUs). AKTHBHOCTh a30To0aKTepa
OLICHMBAJM 10 OOPACTaHHIO MOYBEHHBIX KOMOYKOB Ha cpene Dwmwou
(Tenmep u ap., 2005).

PE3VJIBTATBI 1 OBCYXJIEHUE

KonndectBeHHOE pacmpeneneHne arperaToB M0 pa3MepaM U uxX
arpoXUMHYECKUE TOKa3aTelu NpeAcTaBieHbl B Tabmuue. [lo psany
MoKasaresieil He OOHapy)XeHa 3aBUCHMOCTh MEXIY XUMUYECKUM CO-
CTaBOM M pa3MepoM arperaroB: pH BOAHON U COJIEBOH BBITSIKEK, CO-
nepxxaare Ca 1 MJ Bo BceX CTPYKTYpPHBIX OTAENBHOCTSAX OCTABAINCH
MpuUMepHO paBHbIMU. OJHAKO BBISBIICHA JOCTOBEPHAs Pa3HHIIA 10
coep KaHUIO0 BOIOPACTBOPUMBIX (popM docdopa u kamus. 3apukcu-
POBAHO MOBBIICHHUE HUX COACPKAHHA OT MCJIIKHUX arperaroB K KpyII-
vHeIM. OT 5,72 mo 7,72 mr/100 v mouBel dochopa u ot 19,86 mo
24,64 mr/100 r mOYBBI KaIus.

HekoTopsle arpoxumMuydeckre noka3aTesy arperaToB pa3sHblX pa3MepoB
T'YMYCOBOTO TOPHU30HTA MHUTPALMOHHO-MHLEISPHOTO MTOCTArpPOr€HHOTO
yepHo3ema Kamennoi Crenun
Pasmep | Comep- pH Ca®* |[Mg™ | P,Os K20
arpera- | J>KaHHe
TOB, MM | arpera-
TOB, %
<0,25 1,9 6,29 | 5,56 [33,53| 6,76 | 5,7 |He omp.
0,25-0,5 34 6,26 | 5,50 |33,36| 6,72 | 6,6 19,9
0,5-1 4,0 6,25 | 5,48 |32,75| 6,67 | 6,5 20,2
1-2 10,7 6,25 | 5,48 |33,23| 6,74 | 6,7 21,7
-3 8,6 6,27 | 5,49 |33,94| 6,73 | 6,7 24,6
-5 16,0 6,16 | 5,51 |33,02| 6,68 | 6,7 23,9
—7 14,8 6,22 | 5,52 [33,84| 6,58 | 6,9 24,6
>7 40,6 6,23 | 5,51 |33,96] 6,67 | 7,72 | 23,83

BOJHEBINA| cone- |Mr-skB/100 mr/100 ¢
BOH

g1 w N
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®dochop — OMOreHHBIH FIEMEHT, UMeeT OOJIBIIOE 3HAUCHUE B
SHEPTeTHKE KJIETKH, BXOAHWT B COCTaB aJeHO3MH(POCHOPHBIX KHUCIOT
(ATD, A1D, AMD), a TakKe HyKIEHHOBBIX KUCIOT, (POCHOIUITHIOB
u kodepmentoB. Conepxkanue docdopa B MUKpOOHOU OHomacce co-
craBnsier npuMepHo 30 mr P/r xierok. OT NpUCYTCTBUSI HCTOYHUKOB
¢docdopa B cpene 3aBUCUT MUKpPOOHas akTHBHOCTH (COBpeMeHHas
Mukpoouomnorus, 2005).

Kanmii ygactByeT B 0OMEHHBIX Mpolieccax MpU CUHTE3e aMHHO-
KuCIOT u 6enkoB. Kontponupyemoe nakomienue K B kinerkax Mukpo-
OpPTraHU3MOB SIBJISIETCS OCHOBHBIM ITyTE€M PErYJSILIUU KIETOYHOTO TYp-
ropa. B pesynbrare moriomeHus KIETKOW Kanusi oOpasyercsi TpaHc-
MemOpanHblii rpaguent pH (CoBpemenHas Mukpoouosorust, 2005).

Takum 00pa3oM, yBEIHMUYCHHE COJEPIKAHUS ITHX IJIEMEHTOB Ha
25-35% B mouYBe MOXKET CTaTh MPUYMHOW U3MEHEHUS HE TOJNBKO YhC-
JICHHOCTH W aKTUBHOCTH MHUKPOOPTaHM3MOB, HO H TOBIIUATH Ha CTPYK-
TypHBIE U3MEHEHHS B COOOIIIECTBE.

s OLIGHKW HamnpaBJIEHHOCTH IMOYBEHHO-OMOIOTHYECKHX MPO-
LECCOB, MPOUCXOMAIIMX B pazIMYHBIX arperarax, Oblla H3ydeHa
CTPYKTypa MHUKPOOHOTO cOO0IIecTBa. XapaKTepUCTHKa MHKPOOHOIIO-
THYECKON aKTHBHOCTH arperaroB T'yMyCOBOTO TOPH30HTa y4acTKa KO-
CHUMOM CTeNH YepHO3eMa TUIIMYHOTO MpejcTaBiIeHa Ha puc. 1-4.

lg KOE/r noussl A lg KOE/r noussl B
8 8
7 7,5
7 -
6 i
6,5
5 i
6_
4 - 55 -
3 5
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Puc. 1. YucneHHOCTh MHUKPOOPraHM3MOB-aMMOHH(UKATOPOB (A) u oOIas
YHCJIEHHOCTh aMuionuTkoB (B) B pasimuHbix arperarax. 37ech U jaiee:
pasmep arperaros: 1 —<0,25 mm; 2 — 0,25-0,5 mm; 3 — 0,5-1 mm; 4 — 1-2 Mm;
5—2-3 MM; 6 —3-5 MM; 7 — 5-7 Mm; 8 —>7 Mm.
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MukpoopranusMbl-aMmmoHupukaTopsl (cpena MIIA) tpancdop-
MUPYIOT OPraHUYeCcKOe BEIIECTBO, KOTOPOE TMOCTYIMAET B TIOYBY B BHJIE
PacTUTENbHBIX OCTAaTKOB M OTMepluux KopHei. Ilpupomnoe miaozopo-
M€ YEepHO3eMOB OOYCIIOBIICHO aKKyMYJIHPYIOUIEH AeSTeIbHOCTHIO
€CTECTBEHHOH pacTUTEIbHOCTH U MUKpoopranusmoB (Koponesa u ap.,
2013), B 0CHOBHOM, T€TEPOTPOGHON TPYTIIIHL.

Pacnpenenenne aMMOHN(UKATOPOB 0 arperataM poBHOE (pHC.
1A). Uckimrouenre coCTaBiIIOT arperatsl pasmepom 0,25-0,5 (Makcu-
myMm 7,6 Ig KOE/r moussi) u 0,5-1,0 (Mmunumym 5,22 |g KOE/r moussr).
B03M0OXKHO, 3TO CBSI3aHO ¢ MHKPO3OHAIBHBIM pacIpeelieHueM DK30-
TeHHOI'0 OpraHuyeckoro BemecTsa. llpomecc pasioxeHUs OENKOBBIX
BEIIECTB MPOUCXOAUT IOCTATOYHO AaKTHBHO HE3aBHCHMO OT pa3zMepa
arperaTtoB, OJAHAKO NMPHCYTCTBHE 3KCTPEMAaJbHBIX JIOKYCOB HE HMCKIIO-
4yeHo. Kpome Toro, MUKpoOpraHus3Mel, pa3iaras CBeKee OpraHu4ecKkoe
BEIIIECTBO, CIIOCOOCTBYIOT O0Opa30BaHHMIO BOJOIPOYHBIX AarperaTroB
noyBsl (XaH, 1969).

HauOonpiiee KOIMYECTBO MHUKPOOPraHU3MOB, HCIOJIb3YIOLINX
MUHEpaJbHbIe (OPMBI a30Ta Ui MOCTPOEHHS COOCTBEHHBIX KJIETOK
(cpema KAA), ormedeno B menkux arperatax (< 0,25 mm). ITo mepe
yBenuueHus pasmepa arperatoB ot 0,25 10 2 MM HX KOJIMYECTBO
YMEHBIIIaeTCs, B 0oJiee KPYMHBIX arperarax 4HCICHHOCTh MPOKApUOT
ocTaeTcsl MpaKTHUECKH Ha OIHOM ypoBHe (puc. 1B). Ot mMukpoopra-
HU3MBI, SBISSICH aKTUBHBIMH HMMOOWIN3ATOPaMHU JIETKOJOCTYITHOTO
yriepoaa, MOTYT Y4acTBOBaThb B IPOLIECCAX PAa3JIOKEHHs OpraHude-
CKUX COCJIMHEHHH PACTUTEIHLHOTO MPOHMCXOXKICHUS. MOXKHO mpenmno-
JIOXKHTB, YTO B MEJIKUX arperarax 3TU MPOLECCHl NPOTEKAIOT HECKOIb-
KO aKTHBHEE 3a CUeT OOJNbIIeH UX MOBEPXHOCTH M, COOTBETCTBEHHO, 32
CYET yJIyYIIEHHOH BO3MOXHOCTH HMCIOJIb30BaHUs KHUCIOPOAa, HEOOXO-
JUMOTO JUTS OKHCIICHUSI OPTaHUYECKUX BEIECTB.

AKTHUHOMHIIETBI, KOTOPBIE TakKe y4duThIBaIM Ha cperne KAA,
obOnanaroT HabOpOM pa3sHOOOpPa3HBIX (PEPMEHTOB, Oiarogaps KOTOPHIM
MOTYT pa3pyliaTb 1 00pa30BbIBAThH CIOXKHBIE OPraHUYECKHE BELIECTBA
(KyuaeBa, 1974). AKTHHOMHUIIETHI JOMUHHUPYIOT Ha MO3AHUX CTaJIMIX
MHUKPOOHOM CyKLECCHH, KOT[a CO3JAI0TCS YCJIOBUS IUISI MCIOJIb30Ba-
HUSI TPYZHOJOCTYIHBIX cyOcTpartoB (3eHoBa, 1992).

UuncneHHOCTh aKTMHOMHUIIETOB MAaKCHUMajbHAa B MEJKHX arpera-
tax (ot < 0,25 no 1 Mm), nanee, B arperarax 6oiyiee KpyImHBIX Pa3MEpOB,
YMEHbIIACTCd M HaOIIONAeTCsl BapbUPOBAHHUE HX UUCICHHOCTH, HE
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MO3BOJISAIONIEE YCTAHOBUTH 3aBHCUMOCTH (puc. 2A). MakcumanbHas
YKCIIEHHOCTh OTMeYeHa B arperarax pasmepom 0,5-1,0 mm (6,12 Ig
KOE/r mouBsl), MUHHMabHAS — BO (pakimu 3,0-5,0 mm (4,9 Ig KOE/r
noyBkl). BeposiTHO, 3TO CBS3aHO C TEM, YTO aKTUHOMHMIIETHI SIBIISTIOTCS
MPOKApUOTaMH, TpeOOBaTENFHBIMA K COJEPKaHHIO Kuciopoja. B
YCIIOBHSIX XOpOIIel adparuu (MENKHe arperarbl) CJIOXHbIE OpraHdde-
CKH€ BEIIeCTBA NMOYBHI MUHEPAIM3YIOTCS UMH JI0 TPOCTHIX COCIMHE-
Huil. BHyTpu Oojiee KpyNHBIX arperaTtoB CBOOOAHBIM KHCIOPOA 4a-
CTUYHO WCHOJB30BaH a3pOOHBIMH MHKPOOPTaHU3MaMH, MOITOMY pas-
BUTHE aKTHUHOMHIIETOB B KPYIHBIX arperaTax HECKOJBbKO CHHXKCHO 10
CPaBHEHHUIO C WX YHCIECHHOCTHIO B MEJKHX arperarax pasMepom ot 1
MM U MeHblIe. HepaBHOMEpPHOE CHMIKEHUE YNCICHHOCTH aKTHHOMHILIE-
TOB B 0oJiee KPYIHBIX arperarax MoXeT OBITh OOBSICHEHO MHKpPO30-
HAJILHOCTBIO TIOYBHI — KaueCTBOM, KOTOPOE XapaKTEPHO AJIsl MOYBHI B
TIEJIOM.

Onurotpobl — MHUKpOOPTaHW3MBI, HE TPeOOBATEIbHBIE K 3JIe-
MEHTaM TMTaHWs, yduThIBaJuch Ha cpeae ['A. Habmomaercs yerkas
3aBUCHMOCTH CHIIKCHHSI YUCICHHOCTU OJHMIOTPO(OB NPH YBEINUCHUH
pa3mepa arperaroB (puc. 2B). Tak kak Haauuue OJUTOTPOGOB SBISIOT-
Csl MoKasareseM 3aKJIIOYUTENFHOTO 3Tala passioKeHHs OpPraHnYecKuX
BEIIECTB, U X YHCICHHOCTh YBEITMUMBAETCS B T€X 30HAX, I'/Ie MUHEpa-
JU3AIs] PACTHTEIBHBIX OCTATKOB MPAKTUYCCKH 3aBEPIICHA, H OpTaHU-

lgKOE/rnousbl A lg KOE/r nousel |
6,5 6,5
6
6_
55
5 - 55
45 - 5 |
4,
4,5
3,5 4
3 4 -
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Puc. 2. YuCaeHHOCTh aKTHHOMHUIICTOB (A) M OJUTOTPOGHBIX MUKPOOPIaHU3-
MmoB (Bb) B pa3nuunbIX arperarax.
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YeCcKHe BEIIECTBA HAXOIATCA B HU3KHUX KOHUEHTpauusx (3aBap3uH,
Komotmmosa, 2001), MOKHO TIPEAIIOIOKUTE YTO, B MEIIKMX arperarax
P CYKLIECCHOHHBIX MPOLIECCOB 3aBEPLICH B OOJIbIIEH CTENEHH, YeM B
arperaTax KpyInHBIX pa3MepoB.

MHUKpPOCKOIIMYECKHE TPUOBl — OCHOBHBIE NECTPYKTOPBI pacTu-
TEIBHBIX OCTaTKOB, YUUTHIBAINCH Ha cpene Yameka. Hanbombinee ko-
JIUYECTBO TPUOHBIX 3a4aTKOB (pHC. 3A) COAEPKUTCA B CAMBIX MEJIKUX
arperatax <0,25 MM, 3aTéM WX YHUCJICHHOCTH MOCTEIEHHO YMEHBIIIACT-
csl, B arperarax CpelHUX pa3MepoB CTAOWIM3UpPYETCS Ha ypOBHE 3,5—
4,2 g KOE/r mo4BHsI U, 3aTeM, CHOBa PE3KO COKpAIACTCS Ha JBa I10-
psimka B KpynHbIX arperarax (5,0—> 7 mm) 1o 2,25 g KOE/r mouBbl.
MUKpPOMHLETHI UpEe3BBIYaiHO YYBCTBHUTEIBHBI K adpallii, aHa3pOOHBIX
¢dbopM cpeaM HUX NPAKTHYECKH HE BCTpEYaeTcs, MOITOMY DPa3BUTHE
MHUKPOCKOIIMYECKUX IPUOOB B KPYIMHBIX arperarax CHHKEHO 10 MUHU-
MyMa IO IPUYMHE YMEHbIICHMS IUIOIIAAM IIOBEPXHOCTH arperara u
CO3/1aHMsl BHYTPH HEro aHa’pOOHBIX 30H. BeposTHO, Ha POCT MHKpO-
MHIIETOB OKa3bIBaeT BIHMSHNE HE TOIBKO (aKTOp a’pamuy, HO TAKXKe U
Oonee CBOOOIHBII AOCTYN K SK30I€HHBIM OPraHMYECKHM BEILECTBAM B
MEJIKUX arperaTax.

VYBenuueHHOe cojep)kaHHEe TYMYCOBBIX BEIIECTB B HamOoiee
MEJIKUX (Ppakiysax pa3HbIX TUIIOB II0YB OTMEYEHO MHOI'MMU HCCIIENO-
BaTEJISIMH: B TOHKOJUCIICPCHBIX (hPaKIMIX MUKPOArperaroB I1€PHOBO-

lg KOE/rnousbl A % obpactaHna |
6 100
5 90 -
4,
80
3_
70
2,
14 60 -
0 50
1 2 3 4 5 6 7 8 1 2 3 45 6 7 8

Puc. 3. YuciaeHHOCTh MUKPOMHLETOB (A) M aKTUBHOCTH OakTepuil poja
Azotobacter (b) B pa3nu4HBIX arperarax.

91



bronnerens [louBenHoro uncruryra um. B.B. Jlokyuaesa. 2014. Bein. 73.

nogzonucroir nmoussl (KyBaeBa, ®@pun, 2001), B wiamctoll ¢pakuuu
geprosemoB (Koryt ¢ coasrt., 1998; Mumanosckuit, 2009). OTmeueno,
9TO B MHUKpoarperarax o0pasyloTcsl 3pefble T'yMarbl TuapohoOHON
MPUPOABI, HETIOCPEACTBEHHO YYacTBYIOIIME B (HOPMHUPOBAHUHM BOJO-
npouHbix arperatos (KysaeBa, 2012). [loBbimenHoe conepkaHue ry-
Myca MOXeT OBITh CBSI3aHO C AEATEIHHOCTHIO IMMOYBEHHBIX MHKPOCKO-
MUYECKUX TI'pUOOB, YUCICHHOCTh KOTOPBHIX B HALIMX HCCJIEIOBAHUSX,
3aperucTpupoBaHHas B Mukpoarperarax < 0,25 mm, Ha 4 mopsaka
Oosblle, 4YeM B arperarax kpymnHee 5 MM. HakomieHne ryMycoBBIX Be-
IIECTB WJET 3a CUeT TEeMHOOKPALIEHHOTO MHIEIHS MHKPOMUIIETOB,
COJEPXKAIIEr0 MEJIaHWHOBBIE IUIMEHTHI, KOTOpBIE, KaK H3BECTHO,
MMEIOT MPOTYMYCOBBIM XapakTep M MOTYT y4acTBOBaTh B IIpOLiEcCe
rymycoobpasoBanus (Beare et al., 1995).

[Ipoueccel, cBA3aHHBIE C MPEBPAIICHUAMHU a30Ta ABJSIOTCS BaX-
HBIMHU KaK AJIs1 pa3BUTUS MUKPO(QIIOPHI MOYBBI, TaK W AJS PACTCHHUH,
MPOM3PACTAIONIMX Ha HEH. BhIIM pacCMOTpPEHBI MPOLECChl HAKOIUICHHS
¥ TIOTepH a30Ta W3 MouBhl. Hammuame a’dpobHOU (ukcamum azoTa ore-
HHMBaJIM [0 BCTPEYAaeMOCTH B mo4Be OakTepuii poxa Azotobacter. Kpu-
TEepHEeM HMX YHUCIIEHHOCTH SABJSIIACH 0N OOpacTaHWs MOYBEHHBIX Ya-
CTHII Ha cpejie Dou.

W3 menkux arperatoB (< 0,25 MM) a30oToOakTep BBIAEISIICS B
MEHBLIEM KOJIMYECTBE MO CPABHEHMIO ¢ OoJiee KpyMHBIMU (pHC. 6). OT0
MOJKET OBITH CBSI3aHO C COAEPKAaHMEM IMUTATENLHBIX 3JIEMEHTOB B ATHX
arperarax, 0ocobeHHo ¢ochopa, KOJIMIECTBO KOTOPOrO B HUX MHHH-
MaibHO (5,72 Mr P,Os/100 r). YncineHHOCTh, paclpoCTpaHEHUE U aK-
TUBHOCTh CBOOOJHOXHUBYIIEro amazorpodpa — Oakrepuil poaa
Azotobacter, 3aBUCHT OT TaKuMX MOYBCHHBIX XapaKTEPUCTHK, KaK peak-
LS CPeAbl, BOIHO-BO3AYIIHBIN PeXUM, coaepkanue ¢ochopa U MUK-
PO3JIEMEHTOB B MOYBE.

OpHako B KpYIHBIX arperarax (>5 MM) aKTMBHOCTb AHa30TpO-
¢oB cHmKaeTcst cHOBa. JIMMUTHUpPYIOIINM (DaKTOPOM B ITOM CiIydae
SIBJISIETCS, BO-IIEPBBIX, BOSHUKHOBEHHE aHa’POOHBIX 30H BHYTPH IOY-
BEHHBIX arperaToB MpH MOTPEOIIEHUH KUCIOPOJa MUKPOOPTaHU3MaMHU
Ha MOBEPXHOCTH arperaros, MPEBBILIAIONIEM CKOPOCTh ero auddys3un
(Smith, 1980); Bo-BTOpBIX, HAIUYKE B MOYBE JICTKOJOCTYIHBIX MHUHE-
panpHBIX (GopM a30Ta, a30THUKCHPYIOIIAS CIOCOOHOCTH a’pOoOHOTO
JMa30Tpoda B 3TOM CiIyyac HE MPOSBIACTCS.
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Takum o0Opa3om, MakcuMmalbHasi aKTHBHOCTH Azotobacter 3a-
¢ukcupoBaHa B arperarax cpeaHux pasmepos ot 0,25 mo 5 mm. Bepo-
ATHO, MIMEHHO 3a CYET 3THX MHUKPOOPIaHH3MOB (OPMHUPYIOTCS BOIO-
MIPOYHbIE CBOMCTBA arperatoB depHo3eMoB (bemouenko, CraBropo-
ckas, 2013; 36opumyk c coast., 2007; Ueepaun, 2009), MOCKOIBKY
a30T00aKTep, a TAKXKE COMYTCTBYIOIINE eMy APO}IOKU U3 poma Lipomy-
ces (BBIIEISIFOTCS TakkKe Ha cpefe JmOH) MpOoIyHUpYIOT B OOJIBIIOM
KOJINYECTBE IMOJMCAXaPUIHYIO CIIN3b, KOTOpas SIBISETCS CKJIEHUBAIO-
IIMM areHTOM B IOYBE M 3HAYUTEJIBHO IOBBIIIACT BOAOIPOYHOCTD
nouBeHHBIX arperatoB (Kononenko, 1959).

AKTHBHOCTDh aHa’pOOHBIX a30TduKcaTopoB (puc. 4A) Makch-
manbHa (5,13 1g KOE/r moussr) B arperatax 0,5-2,0 mM. B mouBeHHbIX
arperarax Ipyrux pasMepoB oHa cHmkeHa 10 2,35 |g KOE/r nouBsl.

Hdenutpudukanusi — mocienHee 3BeHO OMOXUMHUYECKOTO LUKJIA
a30Ta, B KOTOPOM CBSA3aHHBIII MHUKPOOPraHM3MaMH a30T BHOBb IIpe-
Bpamiaercsi B aTMoc(epHblii pe3epB B Buae No.

AKTHBHOCTH NeHUTPU(DUKATOPOB oreHnBaM Ha cpene ['HJ, mc-
MOJIb3Ysl MHTErpalibHBIN MOKa3aTeilb — 3MHCCHIO T'a3a U MOMYTHEHHE
cpensl (puc. 4b). KonmndgectBo MUKpPOOPraHM3MOB, BOCCTAaHABIIMBAIO-
LIMX HUTPATHI, YBEIMYUBACTCSA OT MEJIKUX arperaToB K CPEJHUM U CTa-
HOBUTCSI MAKCUMaJTBHBIM B arperarax pasmepom 1,0-2,0 u 3,0-5,0 mwm,
3aTeM, B OoJiee KPYITHBIX, CHOBA CHIYKAETCSI.

Ig KOE/r nousbl A > lg KOE/r nouss |
6 12
5 10 ]
4 ; |
3 - 6
2 4 - i
1 - 2 1
0 o HEEEEEERN
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Puc. 4. AKTHBHOCTh aHa’pOOHBIX a30T(UKCATOPOB (A) M aKTHBHOCTH ACHUTPUPHKA-
TopoB (b: a — smuccus ra3a, 6 — U3MEHEHHE IBETa) B pAa3IMYHBIX arperarax.
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Jenutpudukanus NpoTeKaeT NpH Pa3ioKeHHUH OPTaHHYECKOTrO
BEIIECTBA TMOYBHI B YCIOBUSAX HEIOCTaTKa aTMOC(HEpPHOTO KHCIIOpojaa
MHUKPOOPTaHU3MaMH, BOCCTAHABIMBAIOLINX OKHCHBIE ()OPMBI HEOpra-
HUYECKHX BEIIECTB — HUTPATOB. BHYTpH MOYBEHHBIX arperaTtoB KpyI-
Hee | MM CKIaIbIBAalOTCSl aHa’pOOHBIE YCIOBHS, IOCTaTOYHBIC IS
nportekanus neHutpudukanuu (CremanoB u ap., 1997). Chmwxenue
npoiecca AeHUTpU(UKaIK B Oojiee KPYMHBIX arperarax, BO3MOXKHO,
CBSI3aHO C MEHBIIEH JOCTYITHOCTHIO OPraHUYECKOT0 BEIIEeCTBAa MUKPO-
OpraHu3MaM IpyIIbl HOITPATHOTO JIbIXaHUSL.

PaccmarpuBas mouBeHHBIE arperathl pa3HbIX pPa3MepoB Kak OT-
JIENIbHO B3SThIE OMOJIOTMYECKH aKTHBHbIE OOpa30BaHUs, MOXKHO CKa-
3aTh, YTO CpPeIW HMX BBIJENSAIOTCS arperarbl CPeJHUX Pa3MEpoB, Tak
Has3blBaeMble, arpOHOMHYECKHM LIEHHBIE arperarbl, 00ecleuMBarOIIUe
TUIOAOPOUE MOYBBI. YCIOBHO HPUHATO, YTO pasMep arpoOHOMHYECKU
IIEHHBIX arperaroB kojiebsuercs B npenenax ot 0,25 mo 10 mm (Bepmu-
uuH, 1958; Kyneman u np., 1961; Edwards, 1967). Onnako, 3a HCKITIO-
YEeHUEM HE3HAYMTEJIbHOTO yBEIMYECHUs 00beMa KPYIHBIX 1Op, Gpusuye-
CKHE CBOICTBA MPAKTHUYECKH HE MEHSIOTCS ¢ U3MEHEHUEM pa3Mepa arpe-
ratoB KpymHee 5 MM. [Io3TOMy BO3MOKHO MPHHATH 32 arpOHOMUYECKH
LIEHHBIE arperatsl pasmepamu ot 0,25 1o 5 MM (Boponun, 1986).

B arponommueckn nenHsix arperarax (0,25-5 mwm) OosbmH-
CTBO IMOYBEHHO-OMOJIOTHUECKUX MPOIECCOB MPOHCXOAMT Oonee MM
MEHee PaBHOMEPHO. JTO CIEAYET M3 OTHOCHUTENBHOTO IOCTOSHCTBA
YHCIEHHOCTH AaMMOHH(HUKATOPOB, aMHJIOIUTHUKOB, AKTHHOMMLETOB,
MuKpomueToB. Kpome Toro, B 3THX arperarax HaOJIOmaeTcsi pe3koe
YBEJIUUEHHE YHCICHHOCTH MHUKPOOPTaHM3MOB a30THOTO LHUKIA (A30T-
¢uxcanus, neantpudukamnms). [losToMy MOYBEeHHBIE arperarsl 3TOMH
pa3sMepHOH rpyHIbl MOTYT OBITh Ha3BaHBI «OMOJIOTMIECKH [IEHHBIMI.

3AKJIFOUEHHME

Pasmep arperatoB sIBISETCSl OTHUM U3 (DAKTOPOB, OMPENEISIONINX
W YUCIICHHOCTh Pa3JIMYHBIX 3KOJIOTO-TPO(UUECKUX TPYII MHKPOOPra-
HU3MOB, ¥ HHTEHCHBHOCTh TIOYBEHHO-OMOJIOTHYECKHUX TIPOIIECCOB, TPOHC-
XOIAIIUX B MUTPALIMOHHO-MHULIEIISIPHOM ITOCTarpOr€HHOM YE€PHO3€EME.

MOXHO JOMYyCTHTh, YTO TpaHCHOpMAIS OPraHUYECKHX Be-
IIECTB, 0COOCHHO, Pa3pyIICHUE CIOKHBIX OPraHUYCCKUX COCAWHCHUIA,
0oJiee MHTEHCUBHO MIPOUCXOMIUT B MENKHUX arperarax (< 1 mm), 3a cuer
HaH6OHI:HIeI71 YUCJICHHOCTU MHUKPOOPraHM3MOB YIJICPOAHOI'O IMUKIJIA.

94



bronnerens [louBenHoro uncruryra um. B.B. Jlokyuaesa. 2014. Bein. 73.

OpauM U3 (pakTOPOB, BIUSIONIMM Ha HAKOTUICHHE T'YMYCOBBIX BEIIIECCTB
B MHKpOAarperarax, OTMEUYeHHOC MHOTUMHU HCCIICIOBATEISIMU, MOXKET
OBITh IEATEIIFHOCTh MUTMEHTUPOBAHHBIX MUKPOMHUIIETOB, YUCICHHOCTD
KOTOPBIX B arperarax MeEJKHX pa3MepoB 3HauuTenabHO Oosbiie. [Ipo-
IIECCHl a30THOTO LWKJIA, 3HAYUMBIE JJIS pa3BUTHS pacTeHH, HanOoee
WHTEHCHUBHO TPOTEKAIOT B arperarax CpeIHuX pa3MepoB — arpOHOMH-
4yeckH IeHHbIX arperarax (1,0—5,0 MMm); 3a cuer HaumOOIbIIEH YHUCICH-
HOCTH AMa30TPO(OB MOMKET TAKXKE MOBBIIIATHCS BOJOIPOYHOCTH ITUX
arperaros.
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CHANGES IN THE INTENSITY OF SOIL-BIOLOGICAL
PROCESSES CAUSED BY DIFFERENT-SIZED
AGGREGATES OF MIGRATIONARY-MYCELIAL
CHERNOZEMS
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The intensity of soil-biological processes reveals changes in different-
sized aggregates of post-agrogenic migrational-mycellary chernozems.
Transformation of the organic matter and its decomposition by micro-
organisms in particular becomes more active in fine aggregates
(<1 mm), the microflora activity in the carbon cycle increases in aggre-
gates from fine to coarse ones. The activity of microorgenisms in the
nitrogen cycle shows increase from fine to agronomically valuable ag-
gregates (1.0-5.0 mm) being further decreased towards coarse aggre-
gates. In agronomically valuable aggregates the major soil-biological
processes prove to be stable or the amount of microorganisms gets in-
creased, that — is why they may be considered as biologically valuable
ones.

Keywords microbial pool, biological activity, soil aggregates, soil-
biological processes.

Soil aggregates as a unique soil formation product reveal almost
all the micro-processes taking place in the horizon or the very soil [25].
They are stable functioning formations to be considered as self-
organizing and self-governing soil structure units [24]. The soil is di-
vided by these aggregates into numerous microzones with quite differ-
ent conditions [8]. Every soil aggregate is a complex of simultaneously
existing microhabitats for the development and vital activity of soil
microorganisms, the latter being found in different parts of the aggre-
gate in dependence on the type of their metabolism [31].

This study is aimed to evaluate the biological activity of differ-
ent-sized aggregates as well as the intensity and trend of soil-biological
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processes in migrational-mycellary post-agrogenic chernozem at the
territory of Kamennaya Steppe.

OBJECTS OF RESEARCH AND METHODS

A soil sample of 25x25x35 cm in size was taken from the humus
horizon of the quasi-gleyic clayey migrational-mycellary chernozem
(typical chernozem) at the experimental territory of Research Institute
of Agriculture in Kamennaya Steppe. The soil profile T-006 was locat-
ed in the area of the mown steppe near the forest shelter No0.40 [27]. As
a rule, the results about the population of microorganisms seem to be
distorted and understated due to soil drying for microbiological seeding
in elective media. In this case the amount of bacteria is declined by 5—
10 times, the qualitative composition of microorganisms shows chang-
es as well [8]. In view of this, in the present study the raw soil samples
with natural moisture were used and passed through 0.25, 0.5, 1, 2, 3,5
mm sieves, preliminary sterilized by ethyl alcohol (70%).

To study agrochemical properties of every fraction, the follow-
ing procedures have been performed in laboratory of V.V. Dokuchaev
Soil Science Institute: pH in water and salt extracts [4], the content of
exchangeable Ca and Mg after Shellenberg, concentration of Ca** and
Mg®* by atomic-absorption spectrometer AAS-3, the content of ex-
changeable potassium using Maslova method, the potassium concentra-
tion in flame photometer Flafo-4; mobile compounds of phosphorus
were analyzed by spectrophotometer (Specol-220).

When studying the biological activity in soil, it seemed reasona-
ble to determine the population of ecologic-trophic groups of microor-
ganisms as resulted from seeding in solid nutrient media (meat-and-
peptone agar — MPA, starch-and-ammonia agar — SAA, hunger agar —
HA, Czapek’s medium for cultivating the micromycetes) [23],
Vinogradsky medium for cultivating anaerobic nitrogen fixers [10], the
medium GND for microorganisms of the nitrate respiration group). The
overgrown soil clots in Eshbi medium permitted to evaluate the azoto-
bacter activity [23].

RESULTS AND DISCUSSION

The quantitative distribution of different-sized aggregates and
their agrochemical properties are presented in Table. Some indices re-

e’l



bronnerens [louBenHoro uncruryra um. B.B. Jlokyuaesa. 2014. Bein. 73.

veal no dependence between the chemical composition and the aggre-
gate size: pH, the Ca and Mg content in all the structure units. Howev-
er, there is a difference in the content of soluble forms of phosphorus
and potassium, being higher in fine aggregates as compared to coarse
ones (from 5.72 to 7.72 mg/100g of P and from 19.86 to 24.64
mg/100g of K).

Table. Some agrochemical indices of different-sized aggregates in the humus
horizon of migrational-mycellary post-agrogenic chernozem

Size of ag- |Content of pH Ca”™ [ Mg™ | P,Os K,0
grer?]ﬁ:es, gzgg;e% water | salt me/100 g mg/100 g
<0.25 1.9 6.29 5.56 |33.53| 6.76 | 5.7 He omnp.
0.25-0.5 3.4 6.26 5,50 [33.36| 6.72 | 6.6 19.9
0.5-1 4.0 6.25 5.48 |32.75| 6.67 | 6.5 20.2
1-2 10.7 6.25 5.48 |33.23| 6.74 | 6.7 21.7
2-3 8.6 6.27 549 |33.94| 6.73 | 6.7 24.6
3-5 16.0 6.16 5,51 |33.02| 6.68 | 6.7 23.9
5-7 14.8 6.22 552 [33.84| 6.58 | 6.9 24.6
>7 40.6 6.23 551 |33.96| 6.67 | 7.72 23.83

Phosphorus is a biogenic element. It is of great importance in the
cell energy, being included into the composition of adenosinediphos-
phoric acid (ADA, AMA) as well as in nucleic acids, phospholipides
and co-ferments. The content of phosphorus in the microbic biomass
accounts for 30 mg of P/g cells. The activity of microbes depends on
the present P source in the medium [21].

Potassium is also active in exchangeable processes of synthesiz-
ing the aminoacids with aloumin. The controlled K* accumulation in
cells of microorganisms is the main way for regulating the cellurar tur-
gor. A transmembrane gradient pH is formed as resulted from potassi-
um absorption by cell.

Thus, the increase in the content of these elements by 25-35%
can be a reason for changing not only the population and activity of
microorganisms; it has an influence on changes in the community’s
structure.
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To evaluate a trend of soil-biological processes in different ag-
gregates, the structure of microbial community was studied. Character-
istics of the microbiological activity are given in Figs.1-4.

IgKOE/r nousbl A lg KOE/r nousel B
6,5 6,5
6
6 -
55 4
5 55 -
45 - 5
4 -
45 -
3,5
3 4 -
1 2 3 45 6 7 8 1 2 3 4 5 6 7 8

Fig.1. Population of microorganisms — ammonifiers (A) and the total popula-
tion of amilolitics (B) in different aggregates. The aggregate size is 1 —
<0.25 mm; 2 — 0.25-05 mm; 3 - 0.5-1 mm; 4 — 1-2 mm; 5 - 2-3 mm; 6 — 3—
5mm; 7 —-5-7mm; 9 —>7 mm.

Microorganisms — ammonifiers are capable to transform the or-
ganic substances represented by plant residues and dead roots. The nat-
ural fertility of chernozems is conditioned by accumulation of natural
vegetation and microorganisms of heterotrophic group in particular
[13]

Distribution of ammonifiers is equal in aggregates with the ex-
ception of those 0.25-0.5 mm in size (maximum is 7.6 Ig KOE/g of
soil) and 0.5-1.0 mm (minimum - 5/22 Ig KOE/g of soil) (Fig.1A).
Probably it is connected with microzonal distribution of the exogenic
organic matter. The decomposition process of aloumin-containing sub-
stances occurs intensively independently on the aggregate size, howev-
er, the presence of extreme locuses is not excluded. Besides, microor-
ganisms decomposing the fresh organic matter are conducive to the
formation of water-stable aggregates in soil [25].
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The major amount of microorganisms that use the mineral forms
of nitrogen for creating the own cells (KAA medium) is observed in
fine aggregates (<0.25 mm). The higher is the size of aggregates (from
0.25 to 2 mm), the smaller is their quantity; in coarse aggregates the
population of procariots remains at the same level (Fig.1B). Being con-
sidered as active immobilizers of readily available carbon, these micro-
organisms can take part in decomposition of organic compounds. One
should assume that these processes seem to be more active in fine ag-
gregates due to their great surface and possible use of oxygen so neces-
sary for oxidizing the organic substances.

Actinomycetes that have been also taken into account in KAA
medium have a set of various ferments capable to destroy and form
complicated organic substances [17]. They are prevailed at the latest
stages of microbial succession when the conditions prove to be favora-
ble for using the hardly available substrates [9].

Population of actinomycetes is maximum in fine aggregates
(from <0.25 to 1 mm), in coarse aggregates their amount is decreased
and the population is varying to determine their dependence (Fig. 2A).
Their maximum is in aggregates of 0.5-1.0 mm in size (6.12 Ilg KOE/g
soil) and minimum in the fraction of 3.0-5.0 mm (4.9 Iy KOE/g soil).
Probably, it is explained by the fact that the actinomycetes are procari-
ots requiring the oxygen for their existence. Under conditions of good
aeration (fine aggregates) they mineralize the complicated organic sub-
stances and transform them into simple compounds in soil. In more
coarse aggregates the free oxygen is partially used by aerobic microor-
ganisms; that is why the development of actinomycetes in coarse ag-
gregates seems somewhat decreased as compared to their population in
fine aggregates of 1 mm in size. Uneven decreasing the population of
actinomycetes in coarse aggregates can be explained by available mi-
crozones in soil as a quality so characteristic of the soil.

Oligotrophic microorganisms that have no need in nutrients were
studied in a hunger medium. There exists a clearly expressed depend-
ence between the decreasing population of these microorganisms and
increasing their size (Fig.2B). The presence of oligotrophs is an indica-
tor of the final stage in decomposing the organic substances and their
population increases in zones, where the plant residues are completely
decomposed. In view of this, it is possible to assume that in fine aggre-
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gates the succession processes are completely finished as compared to
those in aggregates of coarse size.

Microscopic fungi that destroy the plant residues to a considera-
ble extent have been studied in Czapek’s medium. The major amount
of fungi is observed in fine aggregates (<0.25 mm). It is decreased in

Ig KOE/g soil A lg KOE/gsoil B
6,5 6,5
6
6_
55 4
5 - 55 -
4,5 5
4,
4,5 -
3,5 4
3 4 -
1 2 3 45 6 7 8 1 2 3 45 6 7 8

Fig.2. Population of actinomycetes (A) and oligotrophic microorganisms (B)
in different aggregates.

Ig KOE/g soil A % fouling B
6 100
° 90 -
4,
80 -
3_
70 -
2_
1 60
0 50 -
1 2 3 4 5 6 7 8 1 2 3 45 6 7 8

Fig.3. Population of micromycetes (A) and activity of Azotobacter bacteria
(B) in different aggregates.
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dependence on their size; in middle-sized aggregates they are stable at
a level of 3.5-4.2 Ig KOE/qg soil, being strongly decreased by two or-
ders in coarse aggregates (5.0->7 mm) to 2.25 Ig KOE/g soil. Micro-
mycetes are very sensitive to aeration, their anaerobic forms are practi-
cally absent in them. By this reason, the development of microscopic
fungi in coarse aggregates decreases to the minimum due to declining
the aggregate surface and creating anaerobic zones in this aggregate.
Probably, the micromycetes growth is affected not only by aeration but
also the available exogenic organic matter in fine aggregates.

A number of publications contains the data about the increased
content of humus substances in fine fractions of different soil types, for
instance, in fine-dispersed fractions of microaggregates in soddy pod-
zolic soil [15], in the clay fraction of chernozems [11; 18]. It is worth
emphasizing that in microaggregates the humates by hydrophobic na-
ture are developed taking an active part in the formation of water-stable
aggregates [14]. The increased humus content can be associated with
the activity of soil microscopic fungi, the population of which in fine
microaggregates (<0.25 mm) is higher by 4 orders as compared to
coarse aggregates (5 mm and more). The accumulation of humus sub-
stances occurs due to dark-colored mycelium of micromycetes contain-
ing melaninic pigments that are known to have a humus character and
take part in the humus formation [29].

The processes associated with nitrogen transformation are very
important for the development of soil microflora and for plants grown
on soil. Under consideration were the processes of nitrogen accumula-
tion and loss in soil. The presence of aerobic nitrogen fixation was
evaluated by the amount of Azotobacter bacteria. The overgrown soil
clots in Eshbi medium was a criterion for their population.

In fine aggregates (< 0.25 mm) Azotobacter is present to a lesser
extent as compared to that in coarse aggregates. This is connected with
the content of nutrients in these aggregates, especially phosphorus, the
amount of which is minimal (5.72 mg/100 g P,0s). Population, distribu-
tion and activity of the free living diazotroph — Azotobacter bacteria —
depend on such soil characteristics as pH, the water-air regime, content
of phosphorus and microelements in soil. However, in coarse aggre-
gates (> 5 mm) the activity of diazotrophs seems decreased again. In
this case a limiting factor is that, on the one hand, anaerobic zones ap-
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pear in soil aggregates when the oxygen is used by microorganisms at
the aggregate surface exceeding the rate of its diffusion [32] and, on
the other hand, the presence of readily available mineral forms of ni-
trogen in soil; the nitrogen fixing capability of aerobic diazotorph is
absent.
Thus, the highest activity of Azotobacter was fixed in middle-sized ag-
gregates (0.25-5 mm). Probably just these microorganisms help to de-
velop water-stable properties of aggregates in chernozems [2, 7, 28],
because Azotobacter and accompanying Lipomyces yeast produce a
great amount of polysaccharide mucus to be a sticking agent in soil to
increase the water stability of soil aggregates [12].

The activity of anaerobic nitrogen fixers (Fig.4A) is maximal
(5.13 Ig KOE/qg soil) in aggregates of 0.5-2.0 mm in size. In soil ag-
gregates of the other size it is decreased to 2.35 Ig KOE/qg soil.

Denitrification is the last chain in biochemical cycle of nitrogen,
in which the nitrogen fixed by microorganisms is transformed again
into the atmospheric reserve in the kind of N..

The activity of denitrifiers was evaluated in GND medium using
an integral index — gas emission and in muddy medium (Fig.4B). The
quantity of microorganisms restoring nitrates is increased in aggregates

lg KOE/g soil A > Ig KOE/gsoil B

6 12

5 10 ]
4 ; ]

0 - 0 - ; o

1 2 3 4 5 6 7 8 12 3 4 5 6 7 8
Fig.4. Activity of anaerobic nitrogen fixers (A) and activity of denitrifiers (B:
a — gas emission, 6 — change in color) in different aggregates.
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from fine to middle size, becomes maximal in aggregates of 1.0-2.0
and 3.0-5.0 mm being decreased again in coarse aggregates.

Denitrification proceeds under conditions of atmospheric oxygen
deficit in soil when the organic matter is decomposed by microorgan-
isms capable to restore nitrates as oxide forms of inorganic substances.
In soil aggregates of more than 1 mm in size anaerobic conditions are
developed which are sufficient for denitrification [22]. The denitrifica-
tion decrease in more coarse aggregates is probably explained by the
fact that the organic matter is available for microorganisms of nitrate
respiration group to a lesser extent.

Considering the different-sized soil aggregates as separate bio-
logically active formations, one should conclude that the middle-sized
aggregates, the so-called agronomically valuable aggregates play a
primary role in the soil fertility. The size of such aggregates is varying
from 0.25 to 10 mm [3, 16, 30]. However, it is known that the soil
physical properties display no changes with changing the aggregates,
the size of which is more than 5 mm. By this reason, the aggregates of
0.25 to 5 mm in size may be considered as agronomically valuable
ones [5]. In such aggregates the majority of soil-biological processes
occur evenly because of relatively constant population of ammonifiers,
amilolitics, actinomycetes and micromycetes. Besides, in these aggre-
gates the population of microorganisms of nitrogen cycle (nitrogen fix-
ation, denitrification) is sharply increased. By this reason, the soil mid-
dle-sized aggregates may be recognized as biologically valuable ones.

CONCLUSION

The aggregate size is one of factors determining the population
of different ecologic-trophic groups of microorganisms and intensity of
soil-biological processes in migrational-mycellary post-agrogenic
chernozem. One should assume that transformation of organic sub-
stances especially destruction of complicated organic compounds occur
more intensively in fine aggregates (< 1 mm) due to the increased pop-
ulation of microorganisms of carbon cycle. One of the factors affecting
the humus accumulation in microaggregates is the activity of pigment-
ed micromycetes, the population of which is higher in fine aggregates.
Processes of nitrogen cycle so important for the plant growth and de-
velopment are intensive in middle-sized aggregates as agronomically

e’8



bronnerens [louBenHoro uncruryra um. B.B. Jlokyuaesa. 2014. Bein. 73.

valuable ones (1.0-5.0 mm); due to a higher population of diazotrophs
the water stability of these aggregates becomes increased as well.
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