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Soil organic matter is known as an important condition for the mobility of trace elements in soils, their geo-
chemical migration and availability to plants. However, various components of soil organic matter have differ-
ent effect on these processes due to their significant differences in structure and properties. Aim. To establish
the role of humic and fulvic acids in the process of formation of microelement mobility in soils and their accu-
mulation in plants. Methods. A model experiment with sand culture was used to investigate the release of trace
elements from preparations of humic and fulvic acids and their uptake by oat plants. Results. It was found that
among biologically needed elements humic acids are enriched with iron, fulvic acids — with zinc, and copper
distribution between these two groups of substances may be characterized as even. These elements have un-
equal binding power with components of soil organic matter, as evidenced by their release into the cultivation
medium and accumulation in plants. In the composition of fulvic acids zink has the most mobility — up to 95
% of this element is in the form, accessible for plants; the lowest mobility was demonstrated by copper in the
composition with humic acids, for which no significant changes in the concentration of mobile forms in the
substrate and in the introduction to the test culture were registered. Despite significantly higher iron content in
humic acids, the application of fulvic acids in the cultivation medium provides a greater increase in the con-
centration of mobile forms of this element. Conclusions. The results confirm the important role of organic sub-
stances of fulvic nature in the formation of zinc and iron mobility in the soil and their accumulation in plants.
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INTRODUCTION

The most severe shortage of trace elements in the
mineral nutrition of cultivated crops is primarily relat-
ed to the properties of soils, affecting the accessibility
of these trace elements to plants, rather than to their
low concentration in soil. The increase in the concen-
tration of protons and in the soil humidity as well as
the decrease in the oxidation-reduction potential (ORP)
are referred to as the factors, enhancing the mobility of
most trace elements. On the contrary, the factors, inhib-
iting the mobility of trace elements, include carbonate
content of soils, increase in ORP and the increase in the
concentration of OH™ and PO,". The organic matter of
soils has ambiguous effect on the performance of the
cations of trace elements — the increase in its content
enhances the availability of Zn and Mn and inhibits the
mobility of Cu [1]. However, it is known that this prop-
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erty of soil may act both as a regulator of the mobility
of trace elements and their source for plants and soil
biota. In particular, many trace elements are remark-
able for the accumulation of different types of soils in
the organic matter, for instance, for Mo, Ni, Cu, V, Co,
Zn, Pb the enrichment factor is in the range from 10 to
1,000 [2]. Still some components of soil organic matter
have a different capacity of binding trace elements —
their majority is concentrated in fulvic acids (FA). This
is a regular phenomenon, taking into consideration
high dispersibility, hydrophilicity and higher reaction
capacity of FA which are more saturated with function-
al groups compared to humic acids (HA). Thus, com-
pared to HA, FA have a higher capacity of interacting
with trace elements.

Notable ways of interacting with trace elements are
ion exchange, chelation and adsorption. One kilo of
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humic acid is known to adsorb up to 200 g of metals
and fulvic acids have even higher base exchange ca-
pacity. The carboxyl and phenolic groups are the most
active in the processes of fixing metals, but due to the
ion exchange heavy metals may leave the composition
of these compounds rather easily. A separate kind of
organic and mineral derivatives is complex salts. In
this case the cations of trace elements displace hydro-
gen ions and penetrate the inner sphere. Here the che-
late structures may be formed due to the interaction of
metal with two groups of COOH™ or with COOH™ and
OH" groups. This is notable for Zn, Cu and Pb that eas-
ily form covalent bonds due to high electronegativity
which was proven by infrared spectroscopy [4].

One of the main mechanisms, conditioning the ac-
cessibility of trace elements for living organisms, is
the formation of chelates, and in this process FA are
the main chelating agent. Contrary to single salts, the
chelate compounds of trace elements maintain their in-
creased mobility in a wide range of pH values, while
the concentration of ionic forms of trace elements de-
creased by tens of times. This phenomenon is of ut-
most importance to soil-forming processes and to the
input of nutrients to plant roots. The trace elements in
the composition of FA or more low molecular organic
compounds of soils are more susceptible to microbio-
logical destruction and, as a result, more available for
plant roots than the ones, accumulated in HA [5].

The role of HA in the fixation of trace elements is
revealed not only in the background soils. In case of
contamination these substances serve as a natural bar-
rier to fix the excessive amount of heavy metals. The
prevailing significance of fulvic compounds is noted in
this process as well — the share of Zn, Pb and Cd in the
composition of fulvic acids of alluvial soils with tech-
nogenic pollution in Czech Republic is 95.7, 82.0 and
98.4 % respectively. The significance of this ecologic
factor is also evidenced in the close interrelation of the
total content of metals and their concentration in fulvic
acids. The correlation coefficient for Zn, Pb and Cd is
0.928, 0.855 and 0.873, respectively, p = 0.001 [6].

However, the complex compounds in the biosphere
are not mere regulators of the input of chemical ele-
ments to plants — FA are the main complexone of nat-
ural surface waters and soil solutions. Therefore, the
organometallic complexes are the main form of migra-
tion of trace elements and heavy metals in soils which
is an integral part of geochemical circulation of these
elements [7]. For instance, the fulvates of manganese,
aluminum, cobalt, copper and other elements are usu-
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ally soluble. In the anaerobic acid medium these com-
pounds of metals are so mobile that they are capable
of penetrating ground waters and permanent streams in
large amounts which is primarily notable for rivers of
the boreal belt. It is known that 50-70 % of organic
matter content in the Dnieper’s water is composed of
the compounds of Fe, Mn, Ni, Cu with humus acids.
The compounds of fulvic and oxy-acids and cations of
metals migrate in the geochemical stream and get ac-
cumulated in depressions. The soils of swamps, flood
plains and river deltas are usually enriched with these
components. On the contrary, humic acids precipitate
iron, manganese, copper, zinc, nickel and cobalt. This
results in the formation of insoluble precipitates of hu-
mates which are both salt compounds and the products
of mutual coagulation and adsorption [2]. The interac-
tion of heavy metals and HA depends on the availabil-
ity of alkaline-earth metals. For instance, in presence of
Ca and Mn ions the interaction of Cu with the organic
matter decreases 5-fold. However, the mechanism of
interaction between the cations of heavy metals and
humates and fulvates does not have any considerable
differences from their binding to HA and FA, where
metal displaces hydrogen from the phenolic group [8]:

Cu** + H-FA-COOCa* <> Cu-FA*-COOCa" H".
MATERIALS AND METHODS

We have determined reliable increase in the mobility
of zinc, manganese and iron along with the increase in
the share of fulvic acids in the organic matter [9, 10].
However, in natural conditions the availability of trace
elements in soils is affected by a considerable number
of factors, the main among them being the granulomet-
ric composition of soils, humus content, pH of the me-
dium, the presence of CaCO, (especially in the active
form) and a number of other abovementioned soil char-
acteristics. In order to bring out the effect of merely
humus acids we have conducted a model experiment
with sandy culture and Mitscherlich’s nutrient mixture
(without Fe addition), the composition of which and
the conditions of preparing sand for the experiment are
presented in fine detail in [11]. The experiment was
conducted in three variants with four repeats — with the
introduction of preparations of humic and fulvic acids
and control, respectively. The preparations were ob-
tained by six isolations of the organic matter from the
patch of soil using 0.1 m NaOH after its decalcination
with 0.05 n H,SO,. The fractions of HA and FA were
separated by the acidification of the obtained and re-
filtered solution to pH of 1.5-2 with 10 % H,SO,. After
the corresponding purification and drying-up according
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to [12] the preparations of HA and FA were analyzed
for the content of trace elements (Table 1).

The data presented testify that out of biologically
required elements the humic acids are enriched with
iron and the fulvic acids — with zinc. The distribu-
tion of manganese and copper may be characterized
as even. The preparations were introduced in the
amount of 1.2 g/vessel (0.4 %) which corresponds to
the natural content of humic and fulvic acids in soils
with sandy texture. The oat plants (Avena sativa L.)
were cultivated until the tillering stage. The changes
in the concentration of trace elements in the substrate
and their accumulation in plants were determined. We
studied the changes in the content of trace elements,
the concentration of which in the composition of hu-
mus acids was found to be the highest, namely — Fe,
Zn, and Cu, for more accurate definition of their bal-
ance using atomic absorption analysis. The content of
mobile forms of trace elements was determined using
1 N of ammonium-acetate buffer solution (pH 4.8),
the soil:extractant ratio was 1:5. The concentration of
trace elements in the preparations of humus acids and
herbage of a test-crop was determined after annealing
at 550 °C and the dissolution of the ash obtained in
10 % solution of HCL.

The statistical processing of the data obtained was
conducted using Dospehov and Statistica 10 programs.

RESULTS AND DISCUSSION

Humic and fulvic acids have ambiguous effect on the
mobility of trace elements in substrates. It was deter-
mined that the content of iron in the cultivation medium
after the cultivation of the test-crop in the control vari-
ant was 0.67 mg/kg. The introduction of preparations
of humus acids to the cultivation medium increases
this index up to 1.15 mg/kg for humic acids and up to
1.47 mg/kg for fulvic acids at the value of LSD ; which
corresponds to 0.25 mg/kg (Figure). However, the data
of the analysis of HA and FA preparations testify that
1 kg of the mixture was introduced 25.94 and 5.42 mg
of iron respectively which evidences to high accessi-
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bility of this element in the composition of fulvic ac-
ids, regardless of a considerably smaller total content.
The form, accessible for plants, was noted for 14.8 %
Fe from the composition of exogenous FA, and only
1.9 % — from the composition of HA preparation.

The efficiency of Fe in the complex with FA was
also determined [14]. Fulvate iron does not concede
the EDTA—Fe and citrate—Fe complexes in the stabil-
ity constants; its introduction to the nutrient solution
in conditions of the sandy crop resulted in more active
input of this metal into the plants of sunflower and
beans [13].

The effect of zinc in the composition of humus
acids was proven to be somewhat different. Con-
trary to Fe, zinc was mostly present in fulvic acids —
273.5 mg/kg of the preparation against 57.6 mg/kg in
humic acids which turned out to be the additional fac-
tor of the release of this trace element from the prepa-
rations. The highest content of mobile zinc compounds
was observed in the variant with FA introduction —
1.40 mg/kg of the substrate with the control value of
0.36 mg/kg. The reliability of the difference was prov-
en by the results of the dispersion analysis — LSD,,

Table 1. The content of trace elements in the preparations of humic and fulvic acids from typical chernozem

Content of trace elements, mg/kg of preparation
Preparation
Fe Mn Cu Zn Co Ni Cr Cd Pb
HA 6485.8 33.8 257.4 57.6 13.4 15.37 222 0.72 37.0
FA 1354.9 33.1 255.0 273.5 3.7 4.99 20.8 1.12 26.5
LSD,, 411.7 5.07 9.12 22.21 4.62 4.36 5.17 0.33 15.59
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corresponds to 0.19 mg/kg. The surplus of accessible
Zn is 1.04 mg/kg with the introduction of 1.09 mg Zn
in the composition of fulvic acid preparation, thus the
accessibility of this trace element in the composition
of the preparation of fulvic acids is 95 %. After the
introduction of HA preparation the content of mobile
forms of zinc was considerably smaller — 0.50 mg/kg,
so the surplus is 0.14 mg/kg of the substrate which
may be considered as a tendency only. If the introduc-
tion of Zn per 1 kg of the medium is 0.23 mg/kg in
this case, the accessibility of zinc in the composition
of humic acids is rather high — almost 61 %. The data
obtained testify to high mobility of zinc, connected to
humus acids. The result demonstrates that the presence
of FA in soils is a considerable factor of the mobil-
ity of this trace element. The introduction of 0.4 % of
the preparation of fulvic acids transfers soil to another
category of provision regarding the content of mobile
Zn — over 1 mg/kg according to commonly accepted
gradations [1].

Quite different results were obtained for copper. Re-
gardless of the high amount of the latter in both prepa-
rations of humus acids there were no registered reliable
changes in mobile forms of this element. The content
of mobile copper is 0.37 mg/kg in the control variant
and 0.39 and 0.42 mg/kg — in variants with the intro-
duction of the preparations of humic and fulvic acids
respectively at the value of the lowest significant dif-
ference of 0.24 mg/kg of soil.

The data obtained brings one to the conclusion that
the behavior of trace elements, located in humic acids,
depends both on the nature of humus substances and
on the properties of metals proper. Iron is primarily
located in humic substances, but it is much more ac-
cessible in the composition of fulvic acids. The high-
est mobilization indices are attributed to zinc, which
is notable for its accumulation in the fulvate humus.
Copper is evenly distributed between the investigated

Table 2. The accumulation of trace elements in the herbage
of oats

Content of trace elements in plants,
Variant mg/kg of dry weight
Fe Zn Cu
Control 93.1 41.0 11.7
HA 0.4 % 109.6 40.6 10.5
FA 0.4 % 115.5 62.3 21.0
LSD, 9.79 17.05 7.06
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components of the organic matter, but this metal has
closest relations with humus acids, which is testified to
by the absence of reliable changes in the concentration
of its mobile forms.

Still the most objective index of mobility and bio-
logical accessibility of nutrition elements is their ac-
cumulation in plants. The data on the effect of humus
acids on the mobility of Fe, Zn, and Cu in soil are
partially confirmed by their accumulation in test-
crops (Table 2). The content of iron in test-crops in
the control variant is 93.1 mg/kg of dry mass. The in-
troduction of the preparations of humus acids to the
cultivation medium increases the accumulation of
Fe in plants up to 109.6 mg/kg for humic and up to
115.5 mg/kg — for fulvic substances. The enhanced
uptake of iron by plants in these two variants com-
pared to the control is statistically proven — LSD, is
9.79 mg/kg.

The data on the accumulation of zinc in plants pro-
vide substantial evidence to the effect of humus sub-
stances on the provision of accessible forms of trace
elements for soils. The content of Zn in oat plants in
the control variant is 41.0 mg/kg, calculated per dry
weight. The introduction of the preparation of humic
acids to the cultivation medium does not induce stable
changes in the indices of translocation of this trace
element — 40.6 mg/kg. However, the application of FA
preparation increases zinc accumulation by oat plants
more than 1.5-fold — up to 62.3 mg/kg which proves
the relevance of the availability of fulvic humus in the
processes of forming the mobility of this trace ele-
ment in soils.

The use of preparations of HA and FA has a different
effect on the input of copper into plants. The introduc-
tion of humic acids to the cultivation medium does not
induce stable changes in Cu accumulation in the herb-
age of oats — 10.5 mg/kg with the control value of 11.7
and LSD , which equals 7.06 mg/kg. However, the in-
troduction of 0.4 % of fulvic acids ensures almost twice
enhanced introduction of copper into plants compared
to the control which is crucially different from their ef-
fect on the copper release in the cultivation medium.
This effect may be explained by higher susceptibility
of plants to the consumption of trace elements i.e. bio-
testing using plants is more sensitive to the changes in
the mobility of Cu compared to the use of extract of
ammonium-acetate buffer solution with pH 4.8.

The data obtained testify that the presence of even
small amounts of humus substances, of fulvic origin
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in particular, in the cultivation medium results in the
enhanced accumulation of Fe, Zn, and Cu in plants.

CONCLUSIONS

The results obtained allow the conclusion that humic
acids are a relevant factor of the mobility of trace ele-
ments in soils and their accumulation by plants, but it
depends both on the nature of humic substances and
the properties of metals. The predominant role of fulvic
acids in the processes of the formation of mobility of
trace elements, the introduction of the preparation of
which leads to the increase in the level of provisions for
soils in terms of mobile forms of iron and, especially,
zinc, has been proven.

BB ryMycoBuX KUCJIOT HA PYXJHBICTh
Ta 0i0JIOTiYHY JOCTYNHICTH 3aJ1i3a, HMHKY i Miai
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Bigomo, 1110 opraniuHa pe4oBHHA IPYHTIB € BOKIMBUM YHH-
HUKOM PYXJIMBOCTI MIKPOEJIEMEHTIB y I'DyHTaxX, iXHbOI Ieo-
XiMigHOI Mirpamnii Ta goctymHocTi pocinHaM. Ipore pi3Hi
KOMIIOHEHTH OpPraHIYHOI PEYOBHHHM IPYHTIB HEOIHAKOBO
BIIMBAIOTH HA 3a3HAYCHI MPOIECH BHACTIIOK 3HAYHUX Bif-
MiHHOCTEH y mnoOynoBi Ta BiactuBocTsx. Mera. Bcra-
HOBJICHHSI POJIi TYMIHOBHX Ta (YJIbBOKHCIOT y TpOIEecax
(opMyBaHHS PYXJIMBOCTI MIKPOGJIEMEHTIB y TIpyHTax Ta
iXHE HAKONWYCHHS y pociuHax. MeToau. 3a yMOB MO-
JETBHOTO JOCIHiNy 3 MilaHOKI KYJIBTYPOIO BHBYAJIH BH-
BIJIbHEHHS MIKpPOEGJIEMEHTIB 3 MpernapariB T'yMiHOBHUX Ta
(GyIbBOKUCIOT Ta TXHE IONIMHAHHS POCIMHAMH BiBCa.
Pe3sysnbraTu. Beranosneno, mo 3-nomix GionoriyHo HeoO-
XIJIHUX €JEeMEHTIB TyMiHOBI KHCIIOTH 30aradcHi 3aiii3oM,
a (DyITBBOKMCIIOTH — ITMHKOM, PO3IIOMLT Mili MOXKHA OXa-
pakrepu3yBaTH K piBHOMipHUH. [lepeniyeni eneMeHTn mMa-
I0Th HEO/IHAKOBY CHITY 3B 513Ky 3 KOMIIOHEHTaMH OpraHiqHOl
PEYOBHHHM TIPYHTIB, MPO LIO CBAYUTH IXHE BUBUILHEHHS
B CEpPE/IOBHIII POCTY Ta HAKOIMYCHHS B pociuHax. Hai-
OipIIa PYXJMBICTh NMpHTaMaHHA LUHKY Y CKIami (yib-
BOKHCIIOT — 70 95 % mporo ememMeHTa 3HAXOAWTHCS Y
JOCTYNHIA pociauHam (opMi; HaliMeHIa — Miai y CKiaji
TYMIHOBHX KHCIJIOT, JJIsl sIKOT He 3a()iKCOBaHO AOCTOBIPHHUX
3MiH y KOHIeHTpauii pyxiuBux (opm y cyOcrpari Ta B
HaJIXO[DKCHHI JI0 TeCT-KyJbTypH. HesBakaiouwm Ha 3HA4HO
BHIIMHA BMICT 3alli3a B TYMIHOBHX KHCJIOTaxX, IOJaBaHHS
mpenapaty (yJIbBOKHCIOT y CEPEOBHUIIE POCTY 3a0e3neuye
OIIBIIMKA TPUPICT KOHLEHTpALil PyXJIMBUX (OPM JAHOTO
enemMeHTa. BucHoBku. OTprMaHi pe3yabTaTtd CBiI4aTh PO
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TepeBakHy poNb (yIbBaTHUX OPTaHIYHUX CIONYK Yy (op-
MYyBaHHI PyXJIMBOCTI IIMHKY 1 3aJli3a B IPYHTax Ta iXHbOMY
HaKOMUYEHHI B POCIHHAX.

Kiro4oBi cjioBa: rpyHT, MIKpOCIEMEHTH, TyMiHOBI KHCIIO-
TH, (QYJIBBOKUCIOTH, PYXJIHBICTh, JOCTYIHICTb.
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u 6“0.]101"[4‘[60!()’10 AOCTYITHOCTD KeJjie3a, HIMHKA U MEAN
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N3BecTHO, YTO OpPraHMYecKoe BELIECTBO IMOYBBI SIBISETCS
B)XKHBIM yCJIOBHEM IOJBIKHOCTH MHKPOIJIEMEHTOB B TIOY-
BaX, WX TEOXMMUYECKON MHTPAIUH M JOCTYIMHOCTH pacTe-
HusiM. OITHAKO pa3HbIe KOMIIOHEHTHI OPraHMUYECKOTO BEIeCT-
Ba MOYBHI HEOJUHAKOBO BIIMSIIOT Ha yKa3aHHBIE MPOIIECCHI,
9T0 OOYCIIOBJIICHO 3HAYUTEIBHBIMU OTIIMYHUSAMH B CTPOCHHU
n cBoicrtBax. Leab. YcraHoBieHHWE POJIM T'YMUHOBBIX M
(hyTBBOKHMCIIOT B TIporieccax (pOpPMUPOBAHHS MOIBIKHOCTH
MHKPOAJIEMEHTOB B ITOYBaX M WX HAKOIUICHHE B PACTCHUSX.
Mertoasbl. B yciioBusIX MOAEIBHOIO 5KCIEPUMEHTa C IEC-
YaHOU KyJIBTYpO#l U3y4alid BEICBOOOKICHUE MUKPOAIICMCH-
TOB U3 TPENaparoB TYMHUHOBBIX H (YIBBOKHCIOT H UX
MIOTJIONICHNE PACTeHUSIMH OBca. Pe3yabTaThl. YcTaHOBIC-
HO, YTO Cpeau OMOJOTHYECKH HEOOXOJMMBIX 3JIEMEHTOB
T'YMHHOBBIC KHCJIOTBI 00OTaICHBI JKeJIe30M, ()YJIbBOKUCIIO-
ThI — IIUHKOM, & paclpe/ieJeHe MEIN MEXI1y YKa3aHHBIMU
TpyIIaMd BEIIECTB MOXKHO OXapaKTepU30BaTh KaK PaBHO-
MepHoOe. JlaHHBIC SIIEMEHTH UMCIOT HEOTUHAKOBYIO CHITY
CBSI3M 3 KOMIIOHEHTAMH OPTaHUYECKOTO BEIIECTBA ITOYBHI,
0 YeM CBHJIETEIICTBYET MX BBICBOOOXKJICHHE B Cpelie pocTa
W HaKOIUICHHE B pacTeHusx. HaumOoublias MOABMKHOCTH
Ipucylia IUHKY B cocTaBe (yIbBOKHCIOT — 10 95 %
JAHHOTO JIIEMEHTa HAXOIUTCS B JOCTYITHOW DPACTCHHSIM
(hopme; HaUMEHBIAsE — MEAW B COCTaBE T'YMHHOBBIX KFHC-
JIOT, JUIsl KOTOPOW He 3a(pUKCHPOBAHO JTOCTOBEPHBIX H3MEHE-
HUIl B KOHIICHTPAIIUU MOABIKHBIX (OPM B cyOCTparte u B
MOCTYIUICHUU B TE€CT-KYJIBTYypy. HeCMOTpsi Ha 3HAUYUTEIHLHO
Ooiee BBICOKOE COJICpIKaHUE JKele3a B TYMHHOBBIX KHCIIO-
Tax, BHECEHHE mpemapara (yITbBOKHCIOT B Cpely pocTa
obecrieurBaeT OOJNBIIUN MPUPOCT KOHIICHTPAITUU TTOJIBHIK-
HBIX (OpPM JlaHHOTO AeMeHTa. BuiBoabl. [lonyueHusie pe-
3yJIBTaThl TIOATBEPKIAIOT BKHYIO POJIb OpraHMUYECKUX Be-
miecTB (yIbBaTHOW TPUPOIBI B (POPMUPOBAHHUU ITOIIBHIK-
HOCTH IIMHKAa W JKejle3a B TMOYBaX M B WX HAKOIUICHHH B
pacTeHUsX.

KaroueBnle cioBa: mo4yBa, MHKPOIJICMCHTBI, I'YMHWHOBBIC
KHCJIOTHI, CI)yJILBOKI/ICJIOTBI, TIOABMKHOCTD, TOCTYITHOCTb.
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