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EFFECTS OF HUMIC SUBSTANCES ON SEED GERMINATION
OF WHEAT UNDER THE INFLUENCE OF HEAVY METAL

Introduction. The rapid development of industry in recent decades has caused global
pollution, including heavy metals. Of particular danger is the accumulation of heavy metals in plants
widely cultivated in crop production practices, such as wheat. Among growth-promoting and
remedying drugs, compounds of natural origin — humic substances — deserve special attention.
Currently, around the world there is an increased interest in humic substances, the technologies for
their production are being improved, and the raw material base is expanding, in which all new types
of raw materials are involved. Of particular interest are synthetic humic substances, which are
obtained from low molecular weight phenolic precursors. Strict control of the synthesis conditions
allows obtaining a product with standardized properties, which is one of the advantages over natural
humic substances. In addition, it is assumed that the nature of the low molecular weight phenolic
precursor affects the biological activity of the final product.

Purpose. The aim of our study was to study the effect of humic substances of various origins (a
complex preparation of natural humic substances and synthetic fulvic acids from catechol) on the
germination and morphological characteristics of wheat under the influence of heavy metals (Cu’”).

Methods. During the study, laboratory, accounting, analytical and mathematical-statistical
methods were used.

Result. A comparative study of the effect of a complex preparation of natural humic
substances and synthetic fulvic acids from catechol on the germination of wheat seeds shows their
stimulating effect compared to the control by 11.2% and 8.2%, respectively. The presence in the
nutrient solution of Cu’" ions at the levels of 0.5, 1 and 5 MPC contributed to the increase of
germination energy and germination of seeds in all experiments. The types of humic substances
investigated intensify the growth processes in green shoots of wheat. Compared to the control, their
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length increased by 18.9 - 35.1%. In addition, these substances inhibit the negative effects of Cu’" ions
even at the level of 5 MPC. Aqueous solutions of Cu’" ions have been found to stimulate the formation
of primary roots in wheat. At the same time, ions of this heavy metal have a negative effect on root
growth, reducing their length by 7.5 times compared to the control. The total length of all roots in
wheat plants under the action of different types of humic substances exceeded the control values by 42
- 50%. At the same time, these substances significantly improved root growth when Cu’" ions were
present in the nutrient solution. The presence of Cu’" ions in the solution adversely affected the crude
mass of green shoots and roots in the studied wheat plants. However, humic substances improved
these indicators compared to the control by 26.8 - 43.3%, which indicates their detoxifying effect.

Conclusion. Thus, the treatment of wheat seeds with the studied preparations of natural humic
substances and synthetic fulvic acids from catechol activates biological and physiological processes in
the seed, thereby affecting the vital activity of the plant at the initial stage of development, affects the
formation of additional primary roots and the growth of wheat seedlings. The studied preparations
have a positive effect on the accumulation of fresh mass of wheat seedlings, and allow to obtain
friendly and uniform seedlings. In addition, under conditions of soil pollution with Cu’" ions, various
types of humic preparations exhibit phytoprotective properties.

Key words: humic substances, synthetic fulvic acids, heavy metals, wheat, germination energy,
morphological characteristics.

The problem setting. Increasing anthropogenic impact on the environment leads to
increased accumulation of highly toxic heavy metals in soil, water, living organisms. Heavy
metals include more than 40 elements, the atomic mass of which exceeds 50 amu [1]. Many
of these elements are necessary for plant life, but at high concentrations they cause a complex
of negative changes leading to metabolic disturbances, inhibition of photosynthesis,
respiration, inhibition of growth processes, and plant death.

Copper - one of the main pollutants in contaminated areas, is the most toxic heavy
metal. The main reasons for the increase in the copper content in the environment are the
widespread use of copper-containing pesticides and the accumulation of industrial waste. In
low concentrations, copper is an essential microelement for plants, which is part of the most
important redox enzymes involved in photosynthesis, respiration, and restoration of nitrogen
fixation [2]. Excessive doses of copper cause a change in the permeability of cell membranes,
impaired electron transport in electron transport chains, inactivation of enzymes, inhibition of
root and shoot growth, induce oxidative stress in plant cells, disrupt the normal development
of the root system [2, 3]. Moreover, the range of copper concentrations that do not have a
pronounced toxic effect on plants is very narrow.

A small number of studies have shown that humic substances (HSs) reduce the
toxicity of heavy metals [4, 5]. The detoxifying effect of humic substances at high
concentrations of heavy metals in the environment is due to the formation of non-toxic
complexes of humic substances with metals and a decrease in their availability to plants.

Humic substances are a specific group of macromolecular compounds that are formed
from organic residues when oxygen is difficult to access. Their content in sea waters is 0.1—
3 mg/L, in river waters - 20 mg/l, in marshes - up to 200 mg/l, in soils - 1-12% [6]. Humic
substances are divided into three types according to their solubility in acids and alkalis: fulvic
acids (soluble at any pH), humic acids (insoluble at pH less than 2) and humin (insoluble
residue) [7].

According to the chemical structure, HSs are classified as high molecular weight
aromatic hydroxycarboxylic acids [8]. The basis of their structure is condensed systems,
including alicyclic and aromatic rings, side chains of varying degrees of branching, and
hydrophilic functional groups in the nucleus and inside chains. Depending on the source and
extraction method, they have certain differences in elemental composition, degree of
condensation of molecules, number of functional groups, molecular weight, ratio of
hydrophobic and hydrophilic fragments [9]. The multifunctional nature of HSs and their salts
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determine their widespread use as biologically active substances [10, 11]. Of particular
interest are synthetic humic substances obtained under strictly controlled conditions from low
molecular weight phenolic precursors, which determines their reproducible properties [12-
14]. If the biostimulating properties of natural humic substances are reported in the literature
[15-17], such information is not available for synthetic humic substances. In addition, the
nature of the low molecular weight precursor may affect the biostimulating properties of the
final product. In this connection, a comparative study of the biological activity of synthetic
and natural humic substances is of interest.

The aim was to study the effect of natural humic substances (as part of commercial
complex preparation) and synthetic fulvic acids from catechol on the growth and development
of wheat and the ability to bind heavy metals.

The research methodology and organization

To determine the germination energy and seed germination of wheat, seeds were
germinated in a thermostat at 25 °C in Petri dishes on filter paper moistened with the solutions
under study. The 50 grains were used in each experiment and performed in three replicates. In
the experimental variants used:

1) solutions of synthetic fulvic acids (SFA) obtained by oxidation of catechol [18];
SFA + 0.5 MPC Cu*'; SFA + 1 MPC Cu*'; SFA + 5 MPC Cu’’;

2) complex potassium humate (CPH) produced in the Freya-Agro research and
production complex, to which CuSO4 was added - CPH + 0.5 MPC (maximum permissible
concentration) Cu®", CPH + 1 MPC Cu*", CPH + 5 MPC Cu”";

3) distilled water (control) and aqueous solutions with a corresponding content of Cu*"
ions: H,O + 0.5 MPC Cu*', H,O + 1 MPC Cu*", H,O + 5 MPC Cu’".

The seed germination energy was determined on the third day, and the
germination on the seventh day. Germination energy is the friendliness of seed germination
after 3 days of germination expressed as a percentage. Seed germination is the number of
normally germinated seeds in the sample in percentage [19].

During the first counting, normally sprouted seeds, as well as seeds with pronounced
signs of anomalies and rotten, are separately evaluated and taken into account. The last two
groups are removed, and normally sprouted - if necessary. Normal seedlings include those in
which the most important structures (roots, hypocotyl, epicotyl, bud, cotyledons, coleoptiles)
are well and proportionally developed, whole, healthy, as well as with minor defects in those
structures that do not affect the normal development of the seedling. These include normally
developed seedlings with signs of superficial infection acquired from neighboring diseased
seeds. In crops, the seeds of which sprout several germinal roots (cereal crops) in normally
sprouted kernels, those that have at least two normally developed roots, large grain lengths
and a sprout of no less than half its length [20].

Abnormal seedlings include those that can develop into full-fledged plants even under
favorable conditions. These include: seedlings in which no structure is missing or severely
damaged, makes it impossible for them to further develop proportionally; underdeveloped
sprouts due to physiological disorders, as well as seedlings with deformed structures; decayed
seedlings [20].

In the second part of the experiment, to determine some morphometric parameters of
the vegetative organs of wheat under the influence of the test substances, the selected seeds
were grown on rolls of filter paper soaked in appropriate solutions, 50 pieces in three
replicates. 55 cm x 10 cm (£ 0.5 cm) filter paper strips were used for each sample. The seeds
were laid out in a single line with an interval of 3 cm at a distance of 4 cm from the top and
side edges of the paper strip. The seeds were seeded with the embryos down. The rolls were
placed vertically in vessels of 0.5 liters and filled with 80 ml of test solutions. In the process
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of germination of seeds, the filter papers were not allowed to dry. Every 2-3 days the same
amount of solution was added to the vessels. Room temperature fluctuated from 20 to 25 °C.
The duration of the experiment is 20 days. After the end of the experiment, the rolls were
removed from the vessel, unwound, carefully separated the seedlings of wheat and measured
the length of green shoots, the length of the roots, the number of additional roots, the total
length of the root system. Along with this weighed separately the green shoots and roots and
determined their crude mass. The obtained plant material was dried at 100 °C to constant
weight in a thermostat for further studies.

The results and their discussion

At a young age (the period of germination and sprouting), plants are most sensitive to
the action of heavy metal salts. Their influence depends on both the level of toxicity of a
metal and its concentration in a nutrient solution [1, 3]. We studied (the average of three
replicates) the index of seed germination energy and its laboratory germination, after soaking
in solutions of CuSO4 and combinations of CuSO4 with solutions of humic substances. In
control, the germination energy and germination of seeds were 85.1% and 88.2%,
respectively. In the variants H,O + 0.5 MPC Cu*, H,O + 1 MPC Cu*", H,0 + 5 MPC Cu*"
the excess over control was from 4.3% to 6.2%.

100 %~ —
. B germination energy |
O seeds germination

95.4

93.6

Fig. 1. Influence of humic substances and CuSO4 on germination energy and
germination of wheat seeds.

Germination of seeds in aqueous solutions of CPH and SFA increased seed
germination compared to control by 11.2% and 8.2%, respectively. In the CPH + 0.5 MPC
Cu”*", CPH + 1 MPC Cu*", CPH + 5 MPC Cu”" variants, the germination was also higher than
in the control, but compared with the CPH variant, the addition of copper sulfate slightly
affected this indicator. In particular, in the CPH + 5 MPC Cu”" variant, the germination rate
was 7.3%. In the variants with synthetic fulvic acids: SFA + 0.5 MPC Cu®", SFA + 1 MPC
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Cu2+, SFA + 5 MPC Cu2+, the germination rate was also 2-5% higher than in the control, but
less than in the variant with SFA (Fig. 1). Thus, the presence in the nutrient solution of copper
sulfate at the level of 0.5, 1 and 5 MPC stimulates the germination energy and germination of
wheat seeds. One of the important and integral indicators of the level of plant vital activity is
their growth, as well as some metric and meristic indicators of leaves, roots, shoots,
inflorescences and fruits. In the course of the experimental studies, we obtained very
interesting results on the growth of green shoots of wheat under the influence of humic
substances and heavy metal ions — copper.

So, when in the control the length of green shoots was 14.57 + 0.56 cm, then in the
CPH variants 16.81 + 0.62 cm and in the SFA version 15.76 + 0.38 cm. That is, the excess
over the control was 15.4% and 8.2%, respectively. The growth of wheat seedlings on a
nutrient medium with the addition of copper(Il) sulfate was significantly worse than in the
control. Especially significant inhibition of shoot growth was observed in the H,O + 5 MPC
Cu”" variant. The decrease compared with the control was 14% (differences are statistically
significant with a probability of 0.95). But the growth of green shoots on a nutrient medium,
which included copper(Il) sulfate (at the levels of 0.5, 1 and 5 MPC) together with humic
substances has its own characteristics. In particular, CPH and SFA reduced the negative effect
of Cu®" ions on the growth processes in wheat plants. This is especially noticeable in cases
where copper ions were at the level of 0.5 and 1 MPC. Synthetic fulvic acids increased the
length of green shoots by 18.9-20.6%, and complex potassium humate by 32.3-35.1%. Even
in the cases where copper ions were at the level of 5 MPC, an improvement in the growth
processes was observed due to the presence of SFA and CPH in solutions (Fig. 2).
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Fig. 2. Effect of humic substances and Cu®"-ions on the length of green shoots in

wheat.
It should also be noted that the coefficient of variation, which to some extent may be

indicative of a changing trait (length of green shoots), in all embodiments, had mostly average
values. But in those variants where the Cu®" level was 5 MPC, its values were high — from
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17.7% to 20.2%. This is an indication that the plant is adapting to the negative influence of
this factor (Fig. 2).

The roots of plants are just as important for shaping the future crop as the stem. By
providing for the absorption and transportation of water and the mineral elements dissolved
therein, the root system supplies all the substances necessary for the photosynthetic apparatus,
from which organic substances are supplied to the roots.

The root system of wheat and other cereals consists of primary (germinal) roots, which
are formed in the embryonic hypocotyl of seeds, which are in the germination stage, and stem
(secondary nodular), developing from tillering nodes. The number of primary wheat roots
ranges from three to six (five on average, their number depends on varietals characteristics).
At the initial stages of the growing season, wheat plants take up nutrients only with their help.
The intensity of the formation of secondary roots and tillering of a plant is closely related. In
our experiment, the plants did not enter the tillering phase; therefore, primary roots played the
main role in nutrition.

In the control variant, the average number of primary roots was 4.39 + 0.2 pieces.
When there were copper ions in the nutrient solution (regardless of their concentration), the
number of these roots increased from 6.34 + 0.25 pieces to 6.49 = 0.3 pieces (the difference is
statistically significant with a probability of 0.99). When the seeds germinated in an
environment with only humic substances (SFA and CPH), the number of primary roots
decreased significantly - by 18% and 29.2%. The addition of copper(ll) sulfate solutions
improved root formation. This was most active when the content of copper ions was at the
level of 5 MPC. Most likely, this is due to the fact that copper ions affect enzyme systems that
stimulate the formation of auxin, and it, in turn, promotes root formation [21]. Humic
substances, on the contrary, possibly contribute to the synthesis of cytokinin, which inhibits
the effect of auxin. As for the variability of this trait, it is mainly in the range of average
values (Table 1).

Table 1
Effect of Cu”" ions and humic substances on development wheat root system

Number of 'primary Root length, cm The total length of all
Version roots, pieces roots, cm

Mtm [CV% | t M=+m CV% | t M=+m CV% | t

H,O (control) 4.39+0.2 | 19.21 | 0 |17.85+1.43 | 24.7 0 48.45+2.55 | 26.18 0
H,0 +0.5MPC Cu™'| 6.36+0.25 | 17.05 |6.15 | 2.45+0.14 |24.95 |10.37 | 11.63+1.01 | 29.97 |13.42
H,0 + 1 MPC Cu*'| 6.34+0.25 | 16.67 |6.09 | 2.57+0.13 | 26.08 |10.57 | 11.96+0.84 | 36.80 |13.58
H,O0 + 5 MPC Cu®"| 6.49+0.3 | 19.34 |5.82 | 2.37+0.18 | 30.44 |10.74 | 10.55+0.95 | 37.48 |13.93
CPH 3.6£0.21 | 24.19 |2.72 | 30.71+1.54 | 20.91 | 6.12 | 72.19+4.20 | 24.27 | 4.83
CPH +0.5MPC Cu*'| 4.05+0.15 | 20.28 |1.36 | 24.83+1.1 |23.38 | 3.87 |46.87+1.40 | 21.28 | 0.54
CPH + 1 MPC Cu®'| 5.54+0.24 | 18.32 |3.68 | 6.46+0.26 |26.48 | 7.82 | 23.6+1.44 | 25.05 | 8.49
CPH + 5 MPC Cu*'| 6.64+0.32 | 20.13 [5.96 | 2.7+0.24 | 36.05 [10.45 | 12.76+1.14 | 37.58 |12.78
SFA 3.1140.12 | 21.06 |5.49 | 27.82+1.7 | 25.6 | 4.49 |68.81+5.01 | 28.27 | 3.62
SFA + 0.5MPC Cu’*| 3.55+0.19 | 26.58 [3.04 |22.53+1.31 | 29.1 |2.41 | 33.342.97 | 26.84 | 3.87
SFA + 1 MPC Cu®'| 5.4+0.22 |16.73 | 3.4 | 8.03+0.35 |28.39 | 6.67 |29.11+1.85 | 26.88 | 6.14
SFA + 5 MPC Cu®’| 6.3840.27 | 17.86 [5.92 | 3.11+0.21 |30.73 | 10.2 | 14.33+1.01 | 32.15 |12.44
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The length of the root system in cereals is determined by the longest root. In contrast
to the positive effect of Cu*" ions on such an indicator as the number of primary roots, the
indices - root length and total length of all roots responded negatively to the content of Cu®"
jons in the nutrient solution. In variants with Cu®" ions without humic substances, the root
length was 7.5 times smaller than the control.

When there were only humic substances in the nutrient solution, then the root length
increased compared to the control by 72% (CPH) and by 55.8% in the version with SFA.

When the humic substances were in solution together with the heavy ions (at the level
of 0.5 and 1 MPC), then they reduced the negative impact of this heavy metal and the root
length was greater here than without the humic substances. Thus, when in the variants H,O +
0.5 MPC Cu®", H,O + 1 MPC Cu”" the root length was 2.45 + 0.14 cm and 2.57 + 0.14 cm,
then in the variants with CPH - 24.83 £ 1.1 cm and 6.46 + 0.26 cm, with SFA —22.53 +£1.31
cm and 8.03 + 0.35 cm. Even at the concentration of Cu®" ions at the level of 5 MPC humic
substances reduced its negative impact.

In our experiment, the plants did not form secondary roots, so we measured the total
length of all primary roots that developed in them. The length of the individual roots of wheat
plants in the same variant was different.

Therefore, we calculated the average of the total root length per plant. Despite the fact
that in variants with Cu®" ions without humic substances, the number of primary roots was the
highest, the total length of their root system was quite small and ranged from 10.55 = 0.95 cm
to 11.96 + 0.84 cm (in the control — 48.45 + 2.55 cm). Humic substances (SFA and CPH)
without Cu®” fons had a significant positive effect on the growth of primary roots. In the
variant with CPH, the total root length was 72.19 = 4.2 cm, and with SFA 68.81 = 5.01 cm. In
all other variants, where the humic substances were together with the Cu”" ions, the total root
length decreased, but it was still larger than without humic substances. That is, humic
substances, being in a nutrient solution, reduce the toxic effect of heavy metals on the growth
of primary roots in wheat.

It should also be noted that the variability of such features as the root length and the
total length of all roots in most experimental variants significantly exceeded their average
values. This is especially true for options where the content of copper ions was at the level of
5 MAC. In the H,O + 5 MPC Cu* variant, the coefficient of variation was 37.48%, in the
CPH + 5 MPC Cu*" variant - 37.58%, in the SFA + 5 MPC Cu?" variant - 32.15% (Table 1).

In our study, in almost all cases, the mass of green shoots largely corresponds to their
length. In the experimental variants where only copper(Il) sulfate was in the nutrient solution,
the mass of green shoots was less than in the control. This decrease in the H,O + 0.5 MPC
Cu®" variant was 19.9%, in the H,O + 1 MPC Cu*" variant - 8.8%, and in the H,O + 5 MPC
Cu”" variant - 22.53%. In variants where copper(Il) sulfate (SFA and CPH) was not included
in the nutrient solution, the mass of shoots was greater than in the control.

The excess was respectively 8.2% and 5.5%. When copper(Il) sulfate was added to
solutions of humic substances at a level of 0.5 MPC and 1 MPC, it contributed to an even
greater increase in the mass of green shoots (the excess over the control ranged from 13.2% to
19.7%).

As for the mass of the roots, in the variants with copper sulfate (without SFA and
CPH) their mass was significantly less than in the control. In all other variants, where the
composition of the nutrient solution included humic substances, the toxic effect of Cu*" ions
was slightly lower.

And only in variants where in the nutrient solution there were only humic substances
the mass of roots exceeded the value in the control variant by 26.8% and 43.3%. The
difference is statistically significant with a probability of 0.95-0.99 (Table 2).
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Table 2
Weight of green shoots and roots of wheat
Variant Mass of green shoots, g Weight of primary roots, g
M=+m CV% |t M=m CV% |t
H,O (control) 1.82+0.10 | 12.56 0 1.27+0.10 | 33.84 0
H,0 + 0.5 MPC Cu?* | 1.47£0.08 | 12.2 2.73 |0.62£0.03 | 7.23 6.23
H,0 + 1 MPC Cu*" 1.66+0.04 | 7.67 149 |0.62+0.07 |16.47 |5.33
H,0 + 5 MPC Cu*" 1.41+0.13 | 13.2 2.5 0.58+0.06 14.44 5.92
CPH 1.97£0.07 | 9.14 1.23 | 1.61+0.05 | 41.27 3.04

CPH + 0.5 MPC Cu*" | 2.16£0.03 | 1.75 3.26 | 1.35+0.06 | 6.42 0.69
CPH + 1 MPC Cu*" 2.18+0.02 | 1.15 3.53 | 0.86+0.09 14.01 3.05
CPH + 5 MPC Cu*” 1.76£0.05 | 7.72 0.54 | 0.61+0.06 14.29 5.66

SFA 1.92+0.06 8.78 0.86 1.824+0.02 1.65 5.39

SFA + 0.5 MPC Cu*" 2.13+0.09 2.81 2.88 1.08+0.06 14.9 1.63

SFA + 1 MPC Cu** 2.060.08 10.45 1.87 1.07+0.05 16.2 1.79

SFA + 5 MPC Cu** 1.52+0.08 7.23 2.34 | 0.54+0.04 9.26 6.78
Conclusion

1. It was found that the presence in the nutrient solution of copper(Il) sulfate at the
level 0f 0.5, 1 and 5 maximum concentration limits contributed to an increase in the energy of
germination and germination of seeds by 8.2 - 11.2%.

2. Solutions of humic substances (CPH and SFA) intensify growth processes in green
shoots of wheat. Their length increased by 18.9 - 35.1% compared with the control. Along
with this, these substances inhibit the negative effect of copper sulfate even at the level of 5
MPC.

3. It is proved that aqueous solutions of copper sulfate at the levels of 1 and 5 MPC
stimulate the formation of primary roots in wheat. At the same time, ions of this heavy metal
have a negative effect on root growth, decreasing their length by 7.5 times compared with the
control.

4. The total length of all roots in wheat plants under the influence of CPH and SFA
exceeded the control values by 42-50%. In addition, these substances significantly improved
root growth in the presence of copper ions in the nutrient solution. The green mass of green
shoots and roots in the studied wheat plants reacted negatively to copper ions. The humic
substances improved these indices in comparison with the control by 26.8 - 43.3%.
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Jlumeun B.A., /lepiii C.I, Ilnaxomniox JIM., Hito P.A. Bnaue zyminosux peuoeun Ha
RPOPOCMAHHA HACIHHA RULEHUYT IO 6HIUBOM BANCKUX MEMAIliB.

Ilocmanoexka npooénemu. bypxaueuii po36umox HpOMUCIOBOCMI 8 OCMAHHI O0ecamunimms
cmas nPUdUHOIO 2100ATbHO20 3a0PYOHEHHS HABKOMUUHBLO20 Ceped08UIYd, 8 TOMY HUCTT 8ANCKUMU
memanamu. Ocobaugy Hebe3NeKy CMAaHOBUMb HAKONUYEHHS GAXNCKUX MEMANié 8 POCIUHAX, WUUPOKO
BUPOWYBAHUX 8 NpaKmuyi pociuHHuymea, makux Ak nutenuysa. Cepeo pocmoCMUMYMIOIOUUX |
pemediayilinux npenapamis 0coOaUBoi yeacu 3Aciy208yI0myb CHOAYKU NPUPOOHO20 NOXOONCEHHS —
2YMIHOGI peyosunu. B oanuil uac 6 ycbomy ceimi cnocmepicacmvcsi NiOGUWeHUL ihmepec 00 2yMIHOBUX
PeuoBUH, YOOCKOHAIOIOMbCS MEXHOA02IL IX UPOOHUYMEBA, POUWUPIOEMbCS CUPOSUHHA 0a3d, 00 KO
sanyyaiomvbcs Ho8i euou cupogunu. Ocobausuil iHmepec Npeocmasnaioms CUHMEMUYHi 2YMIHOGI
PEeYosUHU, OMPUMAHT 3 HUZLKOMOLEKVIAPHUX (DEeHONbHUX nonepednuxis. Cmpoeuti KOHMpPoOLbL YMO8
cunmesy 003605€ OMPUMYBAMU NPOOYKM 31 CIAHOAPMUZOBAHUMU BIACMUBOCHIAMY, WO € OOHUM 3
nepegaz HAO NPUPOOHUMU 2yMIHOBUMU peuosuHamu. Kpim moeo, nepedbauacmuvcs, wo npupoda
HU3bKOMOAEKYIAPHO2O (DeHONbHO20 NONEePeOHUKd GNIUGAE HA OI0N02IYHY AKMUBHICMb KIiHYeB020
npOOYKmMy.

Memow Hnaui020 00cniddyceHHA OYI0 BUGUEHHS BNIUGY 2YMIHOBUX PEYOSUH PI3HOO0
NOX00JiCenHsl  (KOMNAEKCHO20 Npenapamy HPUPOOHUX CYMIHOBUX DPEYOSUH A  CUHMEMUYHUX
@ynveoxuciom 3 nipokamexiny) Ha NPOPOCMAHHA MA MOPQOL0IUHI XAPAKMEPUCUKY NUEHUYT 3a
ymo6 enausy sasxckux memanie (Cu’").

Memoou oocniorycenns. Ilpu nposedenni 00CaiONCEHHs OYN0 SUKOPUCTIAHO 1AOOPAMOPHULL,
007IKOBU, AHANIMUYHUL MA MAMEMAMUYHO-CIAMUCTRUYHULL MEMOOU.

Pesynomamu. Ilopisusivie 00CRiOdNCeHHs 6NAUBY KOMNIEKCHO20 NPenapamy npupooHux
CYMIHOBUX PEHOBUH MA CUHMEMUYHUX DYIbBOKUCIOM 3 NIPOKAMEXIHY HA CXONCICMb HACIHHI NULEHUYT
C8IOUUMb npo cmumyniowyy ix 0ito 6 nopiewsnui 3 Kommpoiem na 11.2% ma 8.2 % e6ionosiowo.
Hassnicmo 6 scusunvromy posuuni tionie Cu’” na pieni 0.5, 1 ma 5 I/IK cnpusina niosuwennio enepeii
NPOPOCMAHHA MA CXONCOCMI HACIHHA Y 6cCix docaidax. [[ocnioxcyeani munu 2yMiHOBUX pedOo8UH
IHmMeHCUuIKyioms pocmosi npoyecu y 3eleHUX NA2OHAx NuleHuyi. Y nopieHsaHHi 3 KOHMpoaem ix
dosoicuna 30invuiysanacy na 18.9 — 35.1%. Ilopsao 3 yum yi peyosunu ineibyioms He2amueHul niue
Cu’" ionu nasimv na pieni 5 I'JIK. Bemanosneno, wo 600mi posuunu Cu’ ionie cmumymionoms
VMBOPEHHS NEPBUHHUX KOpPEHi8 y nulenuyi. B moii jce uac oHU yb020 8aNHCKO20 Memany YUHAMb
He2amueHUll NIUE HA PIC KOPEHIB, 3MEHULYIOUU IX 008HCUHY 8 NOPIGHAHHI 3 KOHmMpoaeM y 7.5 pasu.
3acanvha Oosoicuna 6CiX KOpeHie y pociun nuteHuyi nio Oi€r0 PI3HUX MUNIe SYMIHOBUX DEeUOSUH
nepesuuyy8ana KOHmpoavhi 3uauenns na 42 - 50 %. Ilopso 3 yum yi peuosunu 3Ha4HO NOKPAWYEAIU
picm KOpeHié npu HAAGHOCMI 8 JHCUBUTbHOMY DO3HUHI Cu’" ionie. Hassnicmo Cu’" tionis Y pO34UHI
He2amueHo 8NIUHYIA HA CUPY MACY 3€l1eHUX NA2OHI8 MA KOPEHI8 V O0CIOHNCYSAHUX POCIUH NULEHUYL.
Oouax, eymycosi pewosunu noKpawyy8an Yi NOKA3HUKU )y NOPI6HAHHI 3 KoHmponem Ha 26.8 — 43.3 %,
wo ceiouums npo ix 0emoxcuxyouy oiro.
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Bucnoeku. Taxum uunom, 06pobKa HACIHHA NuleHuyi O00CIONCYBAHUMU NPEenapamami
NPUPOOHUX 2YMIHOBUX PEYOBUH | CUHMEMUYHUX (DYIbEOKUCIOM 3 NIPOKAMEXIHY aKMUGI3ye Oi0N02IuHi i
izionociuni npoyecu 6 HACIHHI, MUM CAMUM GHAUBAE HA HCUMMEOULIbHICMb POCIUHU 6XHCe HA
NOYamKOBOMY emani pO36UMKY, GHAUBAEC HA YMEOPEHHS 000AMKOBUX NEePEUHHUX KOpIHYie i picm
npopocmkie nuienuyi. /locnioxcyeani npenapamu no3umueHo 6NIUBAIOMb [ HA HAKONUYEHH CUpoi
Macu npopocmKie nuieHuyi, 00360510Mb OMpumMamu OpyxcHi I pisHomiphi cxoou. Kpim moeco, 6
YMOBAX 3aOPYOHEHHSI 2PYHMIE Cu’" ionamu PI3HI munu 2yMIHOGUX Npenapamieé NnpoAGIiIonb
imonpomekmopHi 61acMusoCmi.

Knrwuoei cnosa: 2yminosi pewosunu, cunmemuyti (pyrv80KUCIOMU, AXNCKI MEMAnU, NULeHUYs,
eHepeisi NPOPOCMAanHsl, MOPGHOIOSTUHI XapaKMEPUCHUKLL.

OneprxkaHo peAaKITIEI0 18.03.2019
[puitasaTo no myOmikarii 11.06.2020
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