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B noknane cuctemMaTH3upoBaHB! (aKTHYECKHE MaTepHaNbl aBTO-
POB U JIUTEPATYpPHBIC CBEICHUS O I'EHE3MCE U PYHKIHUIX (PYJIBBOKHC-
10T (®K) noazonucTeix moyB Talru. PaccMaTpuBaroTCs XUMHUECKOE
u OnoreoxnMuuyeckoe HampasieHus B uccienosannn OK. buoreoxu-
MHYECKOe HalpaBjeHue pa3padaTbiBaeTcs, B YaCTHOCTH, CIEIHATH-
cramMu TUMHPSI3€BCKOM IIKOIBI TOYBOBENOB U dKoaoroB (Kaypuues,
Amuu 1974, 1989, 1997; ®okun, 1975, 1986, 2004; KapnyxuHs,
1986, 1998; SAmmunu, 1973,1993, 2004, 2005). AHanu3upyroTcs Mmpo-
necchbl (OPMHUPOBAHMS, TPAHCPOPMALIMM M BOJHONH MUTPAIMH KOM-
IIOHEHTOB BOJOPAaCTBOPUMEIX opranmueckux Bemecte (BOB) B
napamadrax Ttairu. [Ipu stom K paccmarpuBaroTcs Kak OAWH U3
cnenuduuecknx komrmoHeHToB BOB. OnenuBaetcst ux ponb B Ouo-
FeOXUMHYECKOW MOOWIM3AlMM W BOJHOW MUTPAIMM MOHOB IIEJIOY-
HO3EMEIIbHBIX M TSHKEIBIX METAIOB (IIPOIYyKTOB MOYBOOOPA30BaHHUS
Y aHTPOIIOTEHE3a) B PACTBOP M aKTUBHOE Y4acTHE B XHMHYECKOM 3a-
TPSI3HEHUH TIOYB U BOJIOEMOB.

Usznoocena memooonozusn ucciedoganus namusHvlx @opm PK.
OHa OCHOBBIBa€TCS Ha CHCTEMHOM IIOAXOJE WM MPUMEHEHWU KOM-
IJIEKCa TTOYBEHHO-IKOJIOTHYECKUX U (PU3MKO-XUMUUECKUX METOO0B:
PaaHOAKTHBHBIX HMHAMKATOPoB (m3otom '‘C), COPOIMOHHBIX JTH3H-
MeTpOB, XpomaTorpadud ¥ YHHQUIUPOBAHHOW HaMH aHaJUTHUYE-
ckoit cxemsl W. Forsyth ¢ mcmonp3oBaneM HH3KO30JIHOT'O aKTHBH-
pOBaHHOTO yris «kapOosien». [IpuBonutcs nHGOpMaIus Mo COCTaBy
u cBoiictBam BOB B mouBax ApxaHrenbckoi obOmactu, [Togmocko-
Bbe, Pecrmybnukax Kapenus n Komu. Ycranosneno, uto @K Gomee
MHTEHCUBHO (POPMHUPYIOTCS B IOYBAaX IMOJ30HbI IOXHOW Taiiru, a B
cpeqHel — B MOA30JaX IMEeCUaHbIX WIITIOBUAJIBHO-KEIE3UCThIX. BEI-

28



IIJNIEHAPHBIE JIOKJIAJIbI

SIBICHO OIpeIeNICHHOE AMHAMHYEeCKOoe paBHOBecHe B coctaBe BOB
Mexny OK u MHIWBHUIYalbHBIMH OPTaHUYECKUMH BenlecTBamMu ¢o-
TocuHTeTHuYeckoi npuponsl. Ilokazano, uro ®K umeror spxo BwIpa-
KEHHBIE KHCIIOTHBIC, aJUICIONATHYECKHEe W KOMIUIEKCOOOpas3yroIne
CBOMWCTBA.

Paccmampusaromes eeposmuvie mexanusmol GopmupoBanus OK B
MOYBaxX MOJ30JUCTOTO0 THUINA — AaCCOIUATHUBHBIN, MUTPAllMOHHBIA |
KOMIUTEKCOOoOpa3oBaTenbHbINH. [Ipu MacmTabHONW OWomerpaganud B
nouBe BOB mpoucxoauT yMeHbIIeHHEe UX pasHooOpasus u oToop yc-
TOHYMBBIX (hparMeHToB. M3 mocienHux, mo-BuauMomy, GOpMHUPYIOT-
csl MOJIeKyJIApHBIE CTPYKTYphl DK c ygacTneM ruapaTnpoBaHHBIX HO-
HOB JKeJe3a B YCJOBHSIX BBICOKOW IOYBEHHOW KHCIOTHOCTH M Aedu-
uuta nonos Ca’’. OTMeueHO, HAIPUMEp, YTO B COCTABE MOOUIBHBIX
xKene30-QyIpbBaTHBIX KOMIUIEKCOB OUArHOCTUPOBaHO 53—67% HOHOB
Fe (III), mpodHO CBSI3aHHBIX OPTAHMYECCKUMH JIHUTaHAaMH. DopMupo-
BaHME KOMIUIEKCOB 3aMETHO MOBBIMIAET MOABMKHOCTH xenesa. Co-
CTaB MPOAYKTOB peakiuii 3aBUCUT OT cooTHomeHus: PK u noHoB me-
Tamna. BeexpeHue B BOAHBIN pacTBOp, COAEpIKANIUN Kene30-(yIpBaT-
Hble KOMIUIEKCHI, HU3KUX KoHueHtpanuii H,C,0O, BBI3BIBaeT pacmaj
accouuaTtoB ¢ oOpasoBanueM MoHOMepoB (SAmmH, 1993). Peakuun
KOMIUTIEKCO00pa30BaHUus Hapsay C IeperpynnupoBkoil cTpykTyp @K
conpoBoxnatorcs pH-3pdexkrom — moakucnennem pacteopa (Kapmy-
xuH, 1986). MurpanoHHbIli MEXaHU3M 00Pa30BaHUsI HOBBIX MOJIEKY-
TApHBIX CTPYKTYp @K 0oOHapyxkeH M M3y4eH HaMH B TMOA30JUCTHIX
Mo4yBax MOJ30H I0KHOM W cpenHedt taiiru. @K uaiie Bcero amarHo-
cTupytorcs nocie murpanuu BOB depe3 mouBeHHBIE COpOLMOHHBIE
Oapeepsl (AgAi; A; 1 By). B ocHOBe yka3zaHHOTO MexaHU3Ma IIeXart,
OYEBHJIHO, PEAKIINU COPOLNH, KOMILIEKCOOOPA30BaHUS U T€TEPOTEH-
Horo katanu3a. OnHaKo moka HesicHo, oOpa3yiorcs @K, Hanpumep, B
rop. By, in situ uiam e MX CTPYKTYpHbIE MOHOMEpHBIE (pparMeHTHI
MIPUBHOCSTCS U3 JIECHOU MOJCTHIIKH B HJUTFOBUAJIBHO-)KEIE3UCTBINA TO-
PHU30HT U 3]IeCh MPOUCXOAMUT copOLUs U nocTpoiika mosekyn ®K. Mo-
OunbHBIE HU3KOMOJEKyJspHble Qpakunn DK BBIMOTHSIOT «3amuT-
HYIO» POJIb B MOTU(DUKAIINY ¥ CTA0MIH3AIUN KOJUTOMIHBIX CHCTEeM Si,
Fe, Al, Mn; c ygactuem @K HabmomaeTcss UX MUTpAIUSA B MOYBAX U
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peunbix Bomax (SmmH, 1972, 1992; Bapman, ¢ coaBt. 1976, 1988).
[IpencraBnsercs, uto komnoHeHTHI BOB u ®K oTpaxaioT oauH u3
AKOJOTUYCCKUX MEXaHHM3MOB aJaNTallMd TAaeKHON OMOTHI K IKCTpe-
MaJbHBIM (XOJOJIHBIM, 3IIOBHABHBIM C CE30HHBIM IEpeyBIIaXHEHU-
€M) YCJIOBUSM CYIIECTBOBAHUS.
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The authors systematized original and literature data with the view
of giving the idea about the genesis and functions of fulvoacids (FA) in
podzolic soils occupied the taiga zone. Under consideration are
chemical and biogeochemical trends in FA studying. The
biogeochemical trend has being elaborated by specialists of the school
of soil scientists and ecologists in Timiryazev Agricultural Academy in
particular (Kaurichev, Yashin, 1974, 1989, 1997; Fokin, 1875, 1986,
2004; Karpukhin, 1986, 1998; Yashin, 1973, 1993, 2004, 2005). Such
processes as the formation, transformation and migration of the water-
soluble organic substances (WSOS) are comprehensively examined in
taiga landscapes. Fulvoacids are considered as one of specific WSOS
components. They are very active in biogeochemical mobilization and
water migration of alkaline earth and heavy metals (as products of soil
formation and anthropogenesis) into the soil solution to be a cause for
chemical pollution of soils and water reservoirs.

Under consideration is the methodology to study the native FA
forms. 1t is based upon a system approach and a complex of soil-
ecological and physic-chemical methods, including radioactive
indicators (**C isotope), sorption lysimeters, chromatography and W.
Forsyth’s analytical scheme modified by the authors to use the low-
ashy absorbent coal “carbolen”. The information is given to show the

30



IIJNIEHAPHBIE JIOKJIAJIbI

composition and properties of the water-soluble organic substances in
soils of Arkhangelsk and Moscow regions, in Republics of Karelia and
Komi. It is established that fulvoacids are intensively formed in soils
within the southern taiga subzone as well as in illuvial-ferruginous
sandy podzols within the middle taiga subzone. A definite dynamic
equilibrium between FA and individual organic substances by
photosynthetic nature was found in the WSOS composition. It is also
shown that fulvoacids reveal clearly expressed acidic, allelophatic and
complex-forming properties.

Under consideration are also probable mechanisms responsible
for the FA formation in soils of podzolic type such as associative,
migratory and complex-forming ones. When WSOS display a higher
biodegradation, its diversity becomes lower and only the most stable
fragments remain, to form molecular FA structures combined with
hydrated iron ions under conditions of higher soil acidity and
deficiency of Ca®" ions. It is worth of note that in the composition of
mobile iron-fulvate complexes Fe (III) ions in the amount of 53—-67%
are fixed as firmly connected with organic ligands. The complex
formation is conducive to increasing the iron mobility. The
composition of reaction products is dependent on the ratio between
fulvoacids and metal ions. The low concentration of H,C,O,4 added
into the soil solution containing iron-fulvate complexes promotes the
decay of associates, thus forming monomers (Yashin, 1993). The
reactions of complex formation and regrouping of FA structures are
accompanied by pH-effect — solution acidification (Karpukhin, 1986).
Migratory mechanism responsible for the formation of new molecular
FA structures has been comprehended in podzolic soils within
southern and middle taiga subzones. Fulvoacids are frequently
diagnosed after WSOS migration through soil sorption barriers (ApA;;
A, and By). It is obvious that the above mechanism is based on
reactions of sorption, complex formation and heterogenous katalysis.
However, it is not clear in the meanwhile, whether the fulvoacids are
formed in situ in the By, horizon or their monomeric fragments are
involving into the illuvial-ferruginous horizon from the forest litter,
thus causing the sorption and formation of FA molecules. Mobile
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low-molecular FA fractions play a “protecting” role in modification
and stabilization of Si, Fe, Al, Mn colloidal systems; in soils and river
waters they are migrated together with fulvoacids (Yashin, 1972,
1992; Varshal et.al., 1976, 1988). It seemed reasonable to conclude
that WSOS and FA components reflect one of ecological mechanisms
for adaptation of taiga biota to extreme conditions (severe cold,
eluvial conditions with seasonal overmoistening).





