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Soil organic matter is known as an important condition for the mobility of trace elements in soils, their geochemical migration and availability to plants. However, various components of soil organic matter have different effect on these processes due to their signi¿cant 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 accumulation 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 unequal 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 signi¿cant changes in the concentration of mobile forms in the
substrate and in the introduction to the test culture were registered. Despite signi¿cantly higher iron content in
humic acids, the application of fulvic acids in the cultivation medium provides a greater increase in the concentration of mobile forms of this element. Conclusions. The results con¿rm the important role of organic substances of fulvic nature in the formation of zinc and iron mobility in the soil and their accumulation in plants.
Key words: soil, trace elements, humic acids, fulvic acids, mobility, accessibility.

INTRODUCTION
The most severe shortage of trace elements in the
mineral nutrition of cultivated crops is primarily related 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 concentration 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, inhibiting the mobility of trace elements, include carbonate
content of soils, increase in ORP and the increase in the
concentration of Ɉɇí and ɊɈ4í. 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 propAGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 1 2015

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 remarkable 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 functional groups compared to humic acids (HA). Thus, compared 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 capacity. The carboxyl and phenolic groups are the most
active in the processes of ¿xing 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 hydrogen ions and penetrate the inner sphere. Here the chelate structures may be formed due to the interaction of
metal with two groups of ɋɈɈɇí or with ɋɈɈɇí and
Ɉɇí groups. This is notable for Zn, Cu and Pb that easily form covalent bonds due to high electronegativity
which was proven by infrared spectroscopy [4].
One of the main mechanisms, conditioning the accessibility 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 increased mobility in a wide range of pH values, while
the concentration of ionic forms of trace elements decreased by tens of times. This phenomenon is of utmost 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 microbiological destruction and, as a result, more available for
plant roots than the ones, accumulated in HA [5].

ally soluble. In the anaerobic acid medium these compounds 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 accumulated in depressions. The soils of swamps, Àood
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 humates which are both salt compounds and the products
of mutual coagulation and adsorption [2]. The interaction of heavy metals and HA depends on the availability 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]:
Cu2+ + ɇ-FA-ɋɈɈɋɚ+ ļ Cu-FA+-ɋɈɈɋɚ+ ɇ+.
MATERIALS AND METHODS

However, the complex compounds in the biosphere
are not mere regulators of the input of chemical elements to plants – FA are the main complexone of natural surface waters and soil solutions. Therefore, the
organometallic complexes are the main form of migration 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-

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 granulometric composition of soils, humus content, pH of the medium, the presence of ɋɚɋɈ3 (especially in the active
form) and a number of other abovementioned soil characteristics. 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 ¿ne 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 obtained by six isolations of the organic matter from the
patch of soil using 0.1 m NaOH after its decalcination
with 0.05 n H2SO4. The fractions of HA and FA were
separated by the acidi¿cation of the obtained and re¿ltered solution to pH of 1.5–2 with 10 % H2SO4. After
the corresponding puri¿cation and drying-up according
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The role of HA in the ¿xation of trace elements is
revealed not only in the background soils. In case of
contamination these substances serve as a natural barrier to ¿x the excessive amount of heavy metals. The
prevailing signi¿cance 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 technogenic pollution in Czech Republic is 95.7, 82.0 and
98.4 % respectively. The signi¿cance 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 coef¿cient for Zn, Pb and Cd is
0.928, 0.855 and 0.873, respectively, ɪ = 0.001 [6].
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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 distribution 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 humus acids was found to be the highest, namely – Fe,
Zn, and Cu, for more accurate de¿nition of their balance 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 °ɋ and the dissolution of the ash obtained in
10 % solution of HCl.

The impact of humus acids on the content of trace elements
in the cultivation medium: 1 – copper; 2 – zinc; 3 – iron

bility of this element in the composition of fulvic acids, 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 ef¿ciency 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 stability 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 sunÀower and
beans [13].

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 determined that the content of iron in the cultivation medium
after the cultivation of the test-crop in the control variant 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 LSD05 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-

The effect of zinc in the composition of humus
acids was proven to be somewhat different. Contrary 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 factor of the release of this trace element from the preparations. 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 proven by the results of the dispersion analysis í LSD05

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
HA
FA
LSD05

Fe

Mn

Cu

Zn

Co

Ni

Cr

Cd

Pb

6485.8
1354.9
411.7

33.8
33.1
5.07

257.4
255.0
9.12

57.6
273.5
22.21

13.4
3.7
4.62

15.37
4.99
4.36

22.2
20.8
5.17

0.72
1.12
0.33

37.0
26.5
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 introduction 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 mobility 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. Regardless of the high amount of the latter in both preparations 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 introduction of the preparations of humic and fulvic acids
respectively at the value of the lowest signi¿cant difference 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 accessible in the composition of fulvic acids. The highest 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

Variant

Control
HA 0.4 %
FA 0.4 %
LSD05
76

Content of trace elements in plants,
mg/kg of dry weight
Fe

Zn

Cu

93.1
109.6
115.5
9.79

41.0
40.6
62.3
17.05

11.7
10.5
21.0
7.06

components of the organic matter, but this metal has
closest relations with humus acids, which is testi¿ed to
by the absence of reliable changes in the concentration
of its mobile forms.
Still the most objective index of mobility and biological accessibility of nutrition elements is their accumulation in plants. The data on the effect of humus
acids on the mobility of Fe, Zn, and Cu in soil are
partially con¿rmed by their accumulation in testcrops (Table 2). The content of iron in test-crops in
the control variant is 93.1 mg/kg of dry mass. The introduction 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 compared to the control is statistically proven – LSD05 is
9.79 mg/kg.
The data on the accumulation of zinc in plants provide substantial evidence to the effect of humus substances 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 element in soils.
The use of preparations of HA and FA has a different
effect on the input of copper into plants. The introduction of humic acids to the cultivation medium does not
induce stable changes in Cu accumulation in the herbage of oats – 10.5 mg/kg with the control value of 11.7
and LSD05 which equals 7.06 mg/kg. However, the introduction 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 effect 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. biotesting 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
AGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 1 2015
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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 elements 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.
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ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɪɝɚɧɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɩɨɱɜɵ ɹɜɥɹɟɬɫɹ
ɜɚɠɧɵɦ ɭɫɥɨɜɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɜ ɩɨɱɜɚɯ, ɢɯ ɝɟɨɯɢɦɢɱɟɫɤɨɣ ɦɢɝɪɚɰɢɢ ɢ ɞɨɫɬɭɩɧɨɫɬɢ ɪɚɫɬɟɧɢɹɦ. Ɉɞɧɚɤɨ ɪɚɡɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɩɨɱɜɵ ɧɟɨɞɢɧɚɤɨɜɨ ɜɥɢɹɸɬ ɧɚ ɭɤɚɡɚɧɧɵɟ ɩɪɨɰɟɫɫɵ,
ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɨɬɥɢɱɢɹɦɢ ɜ ɫɬɪɨɟɧɢɢ
ɢ ɫɜɨɣɫɬɜɚɯ. ɐɟɥɶ. ɍɫɬɚɧɨɜɥɟɧɢɟ ɪɨɥɢ ɝɭɦɢɧɨɜɵɯ ɢ
ɮɭɥɶɜɨɤɢɫɥɨɬ ɜ ɩɪɨɰɟɫɫɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɞɜɢɠɧɨɫɬɢ
ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɜ ɩɨɱɜɚɯ ɢ ɢɯ ɧɚɤɨɩɥɟɧɢɟ ɜ ɪɚɫɬɟɧɢɹɯ.
Ɇɟɬɨɞɵ. ȼ ɭɫɥɨɜɢɹɯ ɦɨɞɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɩɟɫɱɚɧɨɣ ɤɭɥɶɬɭɪɨɣ ɢɡɭɱɚɥɢ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ ɢɡ ɩɪɟɩɚɪɚɬɨɜ ɝɭɦɢɧɨɜɵɯ ɢ ɮɭɥɶɜɨɤɢɫɥɨɬ ɢ ɢɯ
ɩɨɝɥɨɳɟɧɢɟ ɪɚɫɬɟɧɢɹɦɢ ɨɜɫɚ. Ɋɟɡɭɥɶɬɚɬɵ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɪɟɞɢ ɛɢɨɥɨɝɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɯ ɷɥɟɦɟɧɬɨɜ
ɝɭɦɢɧɨɜɵɟ ɤɢɫɥɨɬɵ ɨɛɨɝɚɳɟɧɵ ɠɟɥɟɡɨɦ, ɮɭɥɶɜɨɤɢɫɥɨɬɵ – ɰɢɧɤɨɦ, ɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɟɞɢ ɦɟɠɞɭ ɭɤɚɡɚɧɧɵɦɢ
ɝɪɭɩɩɚɦɢ ɜɟɳɟɫɬɜ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɪɚɜɧɨɦɟɪɧɨɟ. Ⱦɚɧɧɵɟ ɷɥɟɦɟɧɬɵ ɢɦɟɸɬ ɧɟɨɞɢɧɚɤɨɜɭɸ ɫɢɥɭ
ɫɜɹɡɢ ɡ ɤɨɦɩɨɧɟɧɬɚɦɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɩɨɱɜɵ,
ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɢɯ ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɜ ɫɪɟɞɟ ɪɨɫɬɚ
ɢ ɧɚɤɨɩɥɟɧɢɟ ɜ ɪɚɫɬɟɧɢɹɯ. ɇɚɢɛɨɥɶɲɚɹ ɩɨɞɜɢɠɧɨɫɬɶ
ɩɪɢɫɭɳɚ ɰɢɧɤɭ ɜ ɫɨɫɬɚɜɟ ɮɭɥɶɜɨɤɢɫɥɨɬ – ɞɨ 95 %
ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɚɯɨɞɢɬɫɹ ɜ ɞɨɫɬɭɩɧɨɣ ɪɚɫɬɟɧɢɹɦ
ɮɨɪɦɟ; ɧɚɢɦɟɧɶɲɚɹ – ɦɟɞɢ ɜ ɫɨɫɬɚɜɟ ɝɭɦɢɧɨɜɵɯ ɤɢɫɥɨɬ, ɞɥɹ ɤɨɬɨɪɨɣ ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɞɨɫɬɨɜɟɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɞɜɢɠɧɵɯ ɮɨɪɦ ɜ ɫɭɛɫɬɪɚɬɟ ɢ ɜ
ɩɨɫɬɭɩɥɟɧɢɢ ɜ ɬɟɫɬ-ɤɭɥɶɬɭɪɭ. ɇɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨ
ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɝɭɦɢɧɨɜɵɯ ɤɢɫɥɨɬɚɯ, ɜɧɟɫɟɧɢɟ ɩɪɟɩɚɪɚɬɚ ɮɭɥɶɜɨɤɢɫɥɨɬ ɜ ɫɪɟɞɭ ɪɨɫɬɚ
ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɶɲɢɣ ɩɪɢɪɨɫɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɞɜɢɠɧɵɯ ɮɨɪɦ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. ȼɵɜɨɞɵ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɠɞɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɮɭɥɶɜɚɬɧɨɣ ɩɪɢɪɨɞɵ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɨɞɜɢɠɧɨɫɬɢ ɰɢɧɤɚ ɢ ɠɟɥɟɡɚ ɜ ɩɨɱɜɚɯ ɢ ɜ ɢɯ ɧɚɤɨɩɥɟɧɢɢ ɜ
ɪɚɫɬɟɧɢɹɯ.

ȼɿɞɨɦɨ, ɳɨ ɨɪɝɚɧɿɱɧɚ ɪɟɱɨɜɢɧɚ ʉɪɭɧɬɿɜ ɽ ɜɚɠɥɢɜɢɦ ɱɢɧɧɢɤɨɦ ɪɭɯɥɢɜɨɫɬɿ ɦɿɤɪɨɟɥɟɦɟɧɬɿɜ ɭ ʉɪɭɧɬɚɯ, ʀɯɧɶɨʀ ɝɟɨɯɿɦɿɱɧɨʀ ɦɿɝɪɚɰɿʀ ɬɚ ɞɨɫɬɭɩɧɨɫɬɿ ɪɨɫɥɢɧɚɦ. ɉɪɨɬɟ ɪɿɡɧɿ
ɤɨɦɩɨɧɟɧɬɢ ɨɪɝɚɧɿɱɧɨʀ ɪɟɱɨɜɢɧɢ ʉɪɭɧɬɿɜ ɧɟɨɞɧɚɤɨɜɨ
ɜɩɥɢɜɚɸɬɶ ɧɚ ɡɚɡɧɚɱɟɧɿ ɩɪɨɰɟɫɢ ɜɧɚɫɥɿɞɨɤ ɡɧɚɱɧɢɯ ɜɿɞɦɿɧɧɨɫɬɟɣ ɭ ɩɨɛɭɞɨɜɿ ɬɚ ɜɥɚɫɬɢɜɨɫɬɹɯ. Ɇɟɬɚ. ȼɫɬɚɧɨɜɥɟɧɧɹ ɪɨɥɿ ɝɭɦɿɧɨɜɢɯ ɬɚ ɮɭɥɶɜɨɤɢɫɥɨɬ ɭ ɩɪɨɰɟɫɚɯ
ɮɨɪɦɭɜɚɧɧɹ ɪɭɯɥɢɜɨɫɬɿ ɦɿɤɪɨɟɥɟɦɟɧɬɿɜ ɭ ʉɪɭɧɬɚɯ ɬɚ
ʀɯɧɽ ɧɚɤɨɩɢɱɟɧɧɹ ɭ ɪɨɫɥɢɧɚɯ. Ɇɟɬɨɞɢ. Ɂɚ ɭɦɨɜ ɦɨɞɟɥɶɧɨɝɨ ɞɨɫɥɿɞɭ ɡ ɩɿɳɚɧɨɸ ɤɭɥɶɬɭɪɨɸ ɜɢɜɱɚɥɢ ɜɢɜɿɥɶɧɟɧɧɹ ɦɿɤɪɨɟɥɟɦɟɧɬɿɜ ɡ ɩɪɟɩɚɪɚɬɿɜ ɝɭɦɿɧɨɜɢɯ ɬɚ
ɮɭɥɶɜɨɤɢɫɥɨɬ ɬɚ ʀɯɧɽ ɩɨɝɥɢɧɚɧɧɹ ɪɨɫɥɢɧɚɦɢ ɜɿɜɫɚ.
Ɋɟɡɭɥɶɬɚɬɢ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡ-ɩɨɦɿɠ ɛɿɨɥɨɝɿɱɧɨ ɧɟɨɛɯɿɞɧɢɯ ɟɥɟɦɟɧɬɿɜ ɝɭɦɿɧɨɜɿ ɤɢɫɥɨɬɢ ɡɛɚɝɚɱɟɧɿ ɡɚɥɿɡɨɦ,
ɚ ɮɭɥɶɜɨɤɢɫɥɨɬɢ – ɰɢɧɤɨɦ, ɪɨɡɩɨɞɿɥ ɦɿɞɿ ɦɨɠɧɚ ɨɯɚɪɚɤɬɟɪɢɡɭɜɚɬɢ ɹɤ ɪɿɜɧɨɦɿɪɧɢɣ. ɉɟɪɟɥɿɱɟɧɿ ɟɥɟɦɟɧɬɢ ɦɚɸɬɶ ɧɟɨɞɧɚɤɨɜɭ ɫɢɥɭ ɡɜ’ɹɡɤɭ ɡ ɤɨɦɩɨɧɟɧɬɚɦɢ ɨɪɝɚɧɿɱɧɨʀ
ɪɟɱɨɜɢɧɢ ʉɪɭɧɬɿɜ, ɩɪɨ ɳɨ ɫɜɿɞɱɢɬɶ ʀɯɧɽ ɜɢɜɿɥɶɧɟɧɧɹ
ɜ ɫɟɪɟɞɨɜɢɳɿ ɪɨɫɬɭ ɬɚ ɧɚɤɨɩɢɱɟɧɧɹ ɜ ɪɨɫɥɢɧɚɯ. ɇɚɣɛɿɥɶɲɚ ɪɭɯɥɢɜɿɫɬɶ ɩɪɢɬɚɦɚɧɧɚ ɰɢɧɤɭ ɭ ɫɤɥɚɞɿ ɮɭɥɶɜɨɤɢɫɥɨɬ – ɞɨ 95 % ɰɶɨɝɨ ɟɥɟɦɟɧɬɚ ɡɧɚɯɨɞɢɬɶɫɹ ɭ
ɞɨɫɬɭɩɧɿɣ ɪɨɫɥɢɧɚɦ ɮɨɪɦɿ; ɧɚɣɦɟɧɲɚ – ɦɿɞɿ ɭ ɫɤɥɚɞɿ
ɝɭɦɿɧɨɜɢɯ ɤɢɫɥɨɬ, ɞɥɹ ɹɤɨʀ ɧɟ ɡɚɮɿɤɫɨɜɚɧɨ ɞɨɫɬɨɜɿɪɧɢɯ
ɡɦɿɧ ɭ ɤɨɧɰɟɧɬɪɚɰɿʀ ɪɭɯɥɢɜɢɯ ɮɨɪɦ ɭ ɫɭɛɫɬɪɚɬɿ ɬɚ ɜ
ɧɚɞɯɨɞɠɟɧɧɿ ɞɨ ɬɟɫɬ-ɤɭɥɶɬɭɪɢ. ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɡɧɚɱɧɨ
ɜɢɳɢɣ ɜɦɿɫɬ ɡɚɥɿɡɚ ɜ ɝɭɦɿɧɨɜɢɯ ɤɢɫɥɨɬɚɯ, ɞɨɞɚɜɚɧɧɹ
ɩɪɟɩɚɪɚɬɭ ɮɭɥɶɜɨɤɢɫɥɨɬ ɭ ɫɟɪɟɞɨɜɢɳɟ ɪɨɫɬɭ ɡɚɛɟɡɩɟɱɭɽ
ɛɿɥɶɲɢɣ ɩɪɢɪɿɫɬ ɤɨɧɰɟɧɬɪɚɰɿʀ ɪɭɯɥɢɜɢɯ ɮɨɪɦ ɞɚɧɨɝɨ
ɟɥɟɦɟɧɬɚ. ȼɢɫɧɨɜɤɢ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɫɜɿɞɱɚɬɶ ɩɪɨ

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɱɜɚ, ɦɢɤɪɨɷɥɟɦɟɧɬɵ, ɝɭɦɢɧɨɜɵɟ
ɤɢɫɥɨɬɵ, ɮɭɥɶɜɨɤɢɫɥɨɬɵ, ɩɨɞɜɢɠɧɨɫɬɶ, ɞɨɫɬɭɩɧɨɫɬɶ.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 1 2015

77

FATEEV et al.
REFERENCES
1. Optimization for trace element nutrition of agricultural
crops (second edition, revised and enlarged). Ed. A. I.
Fateev. Kharkiv, “ART-PROEKT” LLC.2012;38 p.
2. Kovda V A. Biogeochemistry of soil cover. Moscow,
Nauka.1985;264 p.
3. Stepanova M D. Trace elements in soil organic matter.
Novosibirsk, Nauka.1976;107 p.
4. Minkina T M, Motuzova G V, Nazarenko O G. Composition of heavy metal compounds in soils. Rostov-onDon, Jeverest.2009;208 p.
5. Kabata-Pendias A, Pendias H. Trace elements in soils
and plants. Moscow, Mir.1989;439 p.
6. Boruvka L, Drabek O. Heavy metal distribution between
fractions of humic substances in heavily polluted soils.
Plant Soil Environ.2004;50(8):339í45.
7. Karpuhin A I. Functions of complex compounds in the
genesis and soil fertility. Proc. Timiryazev Agricult.
Acad. 989; 4):54í61.

78

8. Pivovarov S. Physico-chemical modeling of heavy metals
(Cd, Zn, Cu) in natural environment. Encyclopedia of
Surface and Colloid Science. Boca Raton, CRC Press.
2004;Vol.6:468–93.
9. Fateev A I, Semenov D O, Miroshnychenko M M, Lykova O A, Smirnova K B, Shemet A M. Ratio of ɋHA/ɋFA in
soils of Ukraine as a measure of trace elements mobility.
Visnyk agrarnoi’ nauky.2013;(7):16í9.
10. Semenov D O. Effect of ratio of humic acids in soil
organic matter of soils in Ukraine on content of mobile
forms of trace elements. Agrohimija i g’runtoznavstvo.
2013;(80):116í22.
11. Sokolov A V, Ahromeiko A I, Pan¿lov V N. Vegetative
method. Moscow, Sel’hozgiz.1938;292 p.
12. Orlov D S, Grishina L A. Practical work on humus
chemistry. Moscow, MGU.1981;272 p.
13. Kaurichev I S, Karpuhin A I. Water-soluble iron-organic
compounds in soils of Taiga-Forest zone. Pochvovedenie.
1986;(3):66í72.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 1 2015

