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APPLICATION OF SILICEOUS MINERAL
ANALCITE FOR OPTIMIZING

THE PHYSIOLOGICAL, BIOCHEMICAL,
ALLELOPATHIC, AND MICROBIOLOGICAL
PROPERTIES OF PLANT-SOIL SYSTEM

Introduction. The global climate change has caused uneven rainfall that impairs the hydro-physical properties
of the soil and disrupts the microbiological processes. As a result, allelopathic soil sickness may occur.

Problem Statement. The search for and implementation of new effective and safe techniques to regulate the
physiological, biochemical, allelopathic, and microbiological state of the plant-soil system are an urgent need in
unstable ecological conditions.

Purpose. The purpose of this research is to optimize the physiological, biochemical, allelopathic, and microbio-
logical properties of the plant-soil system under conditions of moisture deficiency and soil sickness, with the use
of siliceous mineral analcite.

Materials and Methods. The effect of siliceous mineral analcite at a concentration of 0, 100, 200, and 300 mg
per 200 ml soil substrate on the growth, moisture water regime of wheat and maize plants in model vegetation
experiments under different moisture conditions (20%, 40% and 60% of full moisture capacity ) and soil substra-
te type has been studied. In the field experiment, analcite is applied at a rate of 50 kg/ha before planting sugar
beet seeds. The redox conditions, the content of phenolic compounds, and soil microbiological parameters in model
and field experiments have been analyzed.

Results. The use of analcite has been established to optimize the growth, moisture regime of plants, as well as
the allelopathic properties of the plant-soil system by reducing the content of free phenols, activating the develop-
ment of microbial coenoses and redox processes. No phytotoxic manifestation of analcite has been noted.
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Application of Siliceous Mineral Analcite for Optimizing the Physiological, Biochemical, Allelopathic

Conclusion. The application of analcite to improve the physiological, biochemical, allelopathic, and microbio-
logical properties of the plant-soil system has been proposed. The prospects for the use of this mineral to improve
the adaptability of plants in conditions of drought and soil sickness have been outlined.

Keywords: winter wheat, maize, sugar beet, analcite, microbiocenosis, allelochemicals, moisture supply, and

soil sickness.

Recently, humanity has been suffering from global
climate change that results in disturbing the hyd-
rothermal regime, reducing plant productivity,
and accelerating the spread of pests and diseases.

Against the background of the global climate
change, the problem of soil fatigue requires spe-
cial attention. After all, the changes in the soil
hydro-physical properties affect the concentra-
tion of organic compounds that may act as allelo-
pathic compound in the soil solution [1]. In some
cases, the soil fatigue is associated with the ac-
cumulation of allelopathically active compounds
that either directly affect the plant growth or,
through weakening the immune system, contri-
bute to the spread of diseases, pests, etc. [1, 2].
The direct source of allelopathically active com-
pounds may be both the in-life plant secretions
and the post-harvest remains, dead organs, or re-
lated microbial groups. Organic compounds of a
specific nature, which are synthesized by higher
plants or microorganisms, are not immediately
consumed in the phytocenosis and have the abili-
ty to accumulate. The accumulation of such com-
pounds in soil with a high content of organic mat-
ter leads to the development of a specific micro-
biota adaptable to their decomposition. In the
soils with a low humus content, where the hetero-
trophic cycle does not cover all alternative ways
of decomposition of organic matter, they may ac-
cumulate in significant quantities [1]. Thus, in the
soil, there take place the biological processes that
are essential for plant nutrition and growth and
their chemical interaction.

The monitoring studies in agroecosystems usu-
ally involve the determination of agrophysical
and agrochemical indicators of soil fertility. Ho-
wever, they are not enough to objectively assess
the state of the plant-soil system and to solve en-
vironmental problems. The ecological situation
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today requires the search for new approaches to
assessing the state and dynamics of the soil en-
vironment with the involvement of biological in-
dicators. They are more sensitive, adequately de-
scribe the physiological and sanitary condition
of the plant-soil system, and may serve as indica-
tors of the existence of the system in a certain pe-
riod of time [3, 4].

Wheat, maize, and sugar beet are among the
leading crops of agricultural production through-
out the world, including Ukraine. These plants
are able to accumulate allelopathically active com-
pounds that may have autotoxic effects in the root
environment [5, 6]. It is known that the negative
effects of allelopathically active compounds may
be exacerbated under adverse environmental con-
ditions, in particular soil drought that is an often
cause of water deficiency in plant tissues [7].

In order to find effective measures for sol-
ving these problems, the researchers have focu-
sed their attention on silicon-containing mine-
rals of the zeolite group, the use of which has be-
come widespread in various fields of science and
technology due to their unique properties and mul-
ti-vector spectrum [8]. In particular, the silicon-
containing mineral analcite from the group of
zeolites of the silicate class (aqueous aluminosili-
cate) has proven itself to be a promising material
for deactivating toxic substances and improving
the physicochemical and hydrophysical proper-
ties of soil [8—11]. At the present stage, it is also
obvious that silicon compounds have an impor-
tant physiological role not only for higher plants,
but also for the activity of microorganisms that
are sensitive to any changes in environment con-
ditions [12—15].

In view of the above, it should be noted that
the development of new effective and safe techno-
logies to increase productivity and adaptability
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of plants to the stress factors, such as drought and

accumulation of phytotoxins of vegetable and

microbial origin is extremely important today.
The purpose of this research is to optimize the

physiological, biochemical, allelopathic, and mic-

robiological properties of the plant-soil system

under conditions of insufficient moisture supply

and soil fatigue, with the use of silicon-containing

mineral analcite.
To achieve this goal, it is planned to solve the

following tasks:

¢ to evaluate the effect of silicon-containing mi-
neral analcite on the physiological state of
wheat and maize plants under different mois-
ture conditions;

¢+ to find out the role of analcite in the regula-
tion of redox processes in the conditions of soil
drought;

¢ to analyze the dynamic changes in the allelo-
pathic characteristics of the plant-soil system
with the use of silicon-containing mineral in
the case of insufficient moisture supply;

+ to study the effect of analcite on the microbio-
logical properties of the plant-soil system;

¢ to describe the biochemical and allelopathic
properties of the plant-soil system under the
action of analcite.

Influence of analcite on the physiological,
biochemical, and allelopathic

properties of the plant-soil system under
different moisture conditions

The effect of application of analcite (at a concent-
ration of 0, 100, 200, and 300 mg per 200 ml soil
substrate) on the growth, moisture regime of wheat
(Triticum aestioum L., Pereyaslavka variety) and
maize (Zea mays L., hybrid Titanium 220 SV),
as well as on the biochemical and allelopathic pro-
perties of the root environment under different
moisture conditions (20, 40, and 60% of total soil
moisture (TSM)) and soil substrate type has been
studied in model vegetation experiments. Green-
house soil mix of humus, leaf soil, peat, and sand
in the ratio 1: 1: 1: 1 (soil type No. 1), gray podzo-
lic soil (soil type No. 2), and sand + solution of
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macronutrients according to Helrigel (soil type
No.3) are used as a substrate for growing plants.
All the soil substrates are sieved through a 2 mm
sieve and sterilized in an oven at a temperature of
100 °C. The plants are grown under laboratory
conditions: at a temperature of 22—30 °C, under
daylight conditions (14 h day/10 h night), and a
relative moisture of 60—75%. The experiments
last 21 days.

On the 14™ and 20" days after sowing of the
test plants, the indicators of moisture regime of
leaves (relative turgidity (%), deficit of relative
turgidity, water deficit, and water retention ca-
pacity) have been determined by the weight me-
thod [16, 17]. At the end of the experiment, the
test plants are removed from soil, dried at a tem-
perature of 24—26 °C and the mass of the dry
matter of aboveground parts (stems + leaves)
and roots is measured.

The allelopathic soil analysis has been made by
the direct biotesting method, with the growth of
watercress roots (Lepidium sativum L.) used as
biotest [18]. The phenolic substances are isolated
from the soil by ion exchange (desorption) with
the use of ion exchanger KU-2-8 (H +) as a mo-
del of the root system with dissolving and absor-
bing ability in relation to mobile organic com-
pounds [18]. The redox potential (RP) is deter-
mined in a suspension that simulates the soil so-
lution at a soil-to-distilled water ratio of 1:1 by
the potentiometric method [ 19, 20].

The statistical analysis of the results has been
made by the ANOVA method (factor ANOVA)
with the help of Statistica 10.0 software package
(StatSoft Inc., Tulsa, USA, 2011). Values of p less
than 0.05 are considered statistically significant.

Reducing the moisture content in soil from
60% of TSM to 40% of TSM and especially to
20% of TSM significantly suppressed the physio-
logical processes in the wheat and maize plants
(Figs. 1—2) on all types of soil substrate. In par-
ticular, in the wheat plants grown on different ty-
pes of substrate, at a soil moisture content of 40%
of TSM, the relative turgidity and the water re-
tention capacity of the leaves decrease by 31—45%
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Fig. 1. Effect of the substrate moisture on the moisture re-
gime the in leaves of test plants of maize (a) and wheat (0).
RT is relative turgidity, DRT is deficit of relative turgidity,
DW is deficit of water, WRC is water retention capacity.
The points on the graphs are weighted average values. The
vertical bars are confidence interval, P

770,05

and 28—42%, respectively, while the water deficit
and the relative turgidity deficit increase 2—2.5 ti-
mes. The maize plants have been found to be more
resistant. At a moisture content of 40% of TSM,
the relative turgidity of maize leaves decreases by
26—32%, while the water deficit and the deficit
of relative turgidity increase 1.7—4 times (depen-
ding on the type of substrate).

Deteriorating moisture regime inhibits the
growth and accumulation of phytomass of the
test plants. The most significant inhibitory effect
has been reported for the mass of shoots (stems +
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Fig. 2. Effect of the moisture on the dry matter weight of the
test plants of maize (@) and wheat (b). The points on the
graphs are weighted average values. The vertical bars are

confidence interval, P, .

leaves) of the test plants. In particular, the reduc-
tion of moisture content from 60 to 40% of TSM
inhibits the accumulation of biomass by aboveg-
round shoots (hereinafter, the average values for
different soil types are given) by 33 and 28% for
wheat and maize, respectively. At the same time,
the corresponding indicators of the root phyto-
mass decrease by only 20 and 7% for wheat and
maize, respectively. At the minimum moisture, the
mass of aboveground shoots of wheat and maize
decreases more than twice, while the inhibition of
root system growth is 29 and 10%, for wheat and
maize, respectively.
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Fig. 3. Effect of analcite concentration (0, 100, 200, 300 mg /
200 ml soil substrate) on the moisture regime in leaves of the
test plants of maize (a) and wheat (). RT is relative turgidi-
ty, DRT is deficit of relative turgidity, DW is deficit of water,
WRC is water retention capacity. The points on the graphs
are weighted average values. The vertical bars are confiden-

ceinterval, P, .
,05

In general, wheat is more sensitive to soil
drought than maize. The analysis of the influence
of soil conditions on the sensitivity of wheat and
maize to the moisture content has shown that the
most vulnerable to drought are the plants grown
on soil type No.3, while the most resistant are the
test plants cultivated on soil type No. 1. In parti-
cular, the growth inhibition on soil type No. 3 is
68% for wheat and 62% for maize (the aboveg-
round shoots); 45% for wheat and 56% for maize
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Fig. 4. Effect of analcite concentration (0, 100, 200, 300 mg /
200 ml soil substrate) on the dry matter weight of the test
plants of maize (@) and wheat (b). The points on the graphs
are weighted average values. The vertical bars are confiden-
ce interval, P

770,05

(the roots). At the same time, for the test plants on
soil type No.1, the inhibition of the aboveground
shoot growth is 44 and 49%, that of the root growth
is 8 and 19%, for maize and wheat, respectively.

The application of analcite in all studied con-
centrations in the soil substrates has been establi-
shed to contribute to improving the growth rates
(dry mass of the aboveground parts (stems + lea-
ves) and the roots) and normalizing the water me-
tabolism (increasing relative turgidity, water re-
tention capacity of leaves, decreasing water defi-
cit and deficit of relative turgidity) in all variants
of the experiment (Figs. 3—4). The protective ef-
fect of analcite positively depends on its concent-
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ration. In particular, at a minimum concentration
of this silicon-containing mineral (100 mg/200 ml
soil substrate), the average (hereinafter, avera-
ged for different soil types and moisture contents)
growth of phytomass of aboveground shoots of
maize and wheat is 14 and 44%, respectively. At
the same time, the root mass increases by 49 and
29% for maize and wheat, respectively. The rela-
tive turgidity of the leaves adds 26 and 30% on
average, while the water deficit decreases by 33
and 23% for maize and wheat, respectively. At an
analcite concentration of 200 mg per 200 ml soil
substrate, the mass of the aboveground shoots of
the test plants increases by 25 and 71%, for maize
and wheat, respectively, while the roots add 55
and 29%, for maize and wheat, respectively. The
relative turgidity of the leaves grows by 41 and
64% for maize and wheat, respectively. The water
deficit decreases by 46 and 51% for maize and
wheat, respectively. At a maximum concentration
(300 mg per 200 ml soil substrate), analcite stim-
ulates the accumulation of biomass by the above-
ground shoots by an average of 31 and 84%, for
maize and wheat, respectively. For the root sys-
tems, the stimulation makes up 59 and 82%, for
maize and wheat, respectively. The relative tur-
gidity of the leaves increases by 51 and 84%, for
maize and wheat, respectively. The water deficit
decreases by 62 and 66%, for maize and wheat,
respectively.

The analysis of the interaction of two factors
(analcite concentration and substrate moisture)
has shown that the greatest protective effect is ob-
served at a concentration of 200—300 mg/200 ml
soil substrate per dish, at a substrate moisture
content of 20%.

The soil type also significantly influences the
stimulating effect of analcite. In particular, it has
been found that in the sandy substrate (soil type
No. 3) wheat and maize plants are more respon-
sive to the application of analcite as compared
with the plants cultivated in the soil mix (soil
type No. 1) and the gray podzolic soil (soil type
No. 2). In particular, this trend may be observed
in the development of the root system of the test
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plants. Depending on the concentration of anal-
cite and soil moisture, the mass of the roots of
wheat plants in the sandy substrate increases 1.5—
2.6 times, whereas that of maize plants grows
1.3—1.8 times as compared with the plants culti-
vated without analcite.

The ratio of the mass of aboveground parts
(shoots: stems + leaves) to the mass of roots of
wheat and maize plants cultivated in soil types
No. 1 and No. 2 increases in the case of analcite
application. The inverse correlation has been ob-
served on the sandy substrate (soil type No. 3).
Obviously, this is explained by the fact that these
crops are demanding to soil fertility, so growing
them on soil type No. 3 is a stress factor. There-
fore, such stimulation of the development of the
root system in wheat and maize in the sandy sub-
strate (soil type No. 3) with the introduction of
analcite at the studied concentrations also in-
creases the adaptability of these crops to the defi-
cit of organic nutrients.

In general, the highest ability to adapt to soil
drought has been reported for the wheat and mai-
ze plants cultivated in soil type No. 1 with the app-
lication of analcite at a maximum concentration
(300 mg/200 ml soil substrate).

The influence of analcite on the allelopathic
and biochemical properties of the abovementio-
ned types of soil substrates, at different moisture
content, in the experiments with wheat and mai-
ze plants has been studied.

The results obtained by the direct biotesting me-
thod have shown that the use of analcite has a po-
sitive effect on the allelopathic activity of the soil.

In the experiment with wheat plants at a con-
centration of 100 mg analcite/200 ml soil substra-
te the allelopathic activity of soil type No. 1 and
No. 3 has been recorded at the reference level
(Fig. 5). The same trend is observed for soil type
No.3 at a concentration 200 mg analcite/200 ml
soil substrate at a moisture content of 20% and
40% of TSM. The stimulation of L. sativum root
growth in soil type No.1 does not differ at a con-
centration of 200 mg and 300 mg analcite/200 ml
soil substrate, at the same moisture content. This
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Fig. 5. Allelopathic activity of the soil under wheat and maize with the use of analcite, % to control: a (wheat), g (maize), green-
house soil mix; b (wheat), d (maize), gray podzolic soil; ¢ (wheat), e (maize), sand; 7 — 100 mg analcite/200 ml soil substrate,
2 — 200 mg analcite/200 ml soil substrate, 3 — 300 mg analcite/200 ml soil substrate

is also typical for variants with soil type No. 3 at a
moisture content of 60% of TSM. The use of anal-
cite at a concentration of 300 mg/200 ml soil sub-
strate in soil type No. 2 has the most significant
effect on the allelopathic activity. The best result
in terms the stimulation of L. sativum root growth
among all the analcite concentrations, 55—78%
as compared with the reference, has been reported
for a moisture content of 60% of TSM, which is
the most optimal for plants. Also, there has been
recorded a significant increase in the growth of
biotest roots at a moisture content of 20 and 40%
of TSM (by 37—65%, depending on the concent-
ration of analcite).

It should be noted that the positive effect of
analcite on the allelopathic activity of the stu-
died soils is more evident in the experiments with
maize plants (Fig. 5), where the stimulation of
L. sativum root growth is higher as compared with
most experiments with wheat. Even at an analci-
te concentration of 100 mg,/200 ml soil substrate,
there is an increase in the growth of biotest roots
in all variants: 18—51%, at 20% of TSM and 21—
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30%, at 40% of TSM, depending on the type of soil.

In general, the highest growth-stimulating ef-
fect of analcite on bioassays (L. sativum root
growth) has been reported at a concentration of
300 mg/200 ml soil substrate.

The biochemical state of the root environment
has been assessed in more detail by the indicators
of redox potential that is closely related to the
conversion of organic matter and reflects the to-
tal effect of currently redox systems in soil [21].

The studies have shown that, in the case of
analcite application, the redox potential of soil in
the experiments with wheat (Fig. 6) exceeds the
reference value 1.1—1.3 times. In this case, for
soil type No. 2, at a moisture content of 40 and
60% of TSM, and for soil type No. 1, this effect
becomes stronger as the concentration of analcite
increases (up to 200 and 300 mg/200 ml soil sub-
strate). At the same time, for soil type No. 3, the
redox potential indicators at a moisture content
of 40 and 60% of TSM remain at the same level
regardless of analcite concentration, and for soil
types No. 2 and No. 3, at a moisture content of
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Fig. 6. Redox potential of the soil under wheat and maize in the case of the introduction of analcite, mV: a (wheat), g (maize),
greenhouse soil mix; b (wheat), d (maize), gray podzolic soil; ¢ (wheat), e (maize), sand; 7 — reference, 2 — 100 mg analcime/
200 ml soil substrate, 3 — 200 mg analcime,/200 ml soil substrate, 4 — 300 mg analcime,/200 ml soil substrate
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Fig. 7. The content of phenolic compounds in the soil under wheat and maize in
the case of the introduction of analcite, mg/kg: a (wheat), b (maize), green-
house soil mix, ¢ (wheat), d (maize), gray podzolic soil; 7 — reference, 2 — 100 mg 0
analcime,/200 ml soil substrate, 3 — 200 mg analcite/200 ml soil substrate, 4 —

300 mg analcite/200 ml soil substrate

20% of TSM, they slightly decrease as the con-
centration of silicon-containing mineral increa-
ses to 200 and 300 mg,/200 ml soil substrate.

A similar trend (increasing the redox potential
in the case of the analcite application) has been
observed for the maize plants (Fig. 6). It is espe-
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cially evident of soil type No. 1, at a moisture con-
tent of 20 and 40% of TSM, for which the redox
potential exceeds the reference value 1.4—1.5
and 1.2—1.3 times, respectively.

The accumulation rate, composition, and con-
version of organic substances are determined by
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redox processes. Increasing redox potential in the
case of analcite application indicates a low level
of mobile and active organic compounds that may
act as allelopathic agent and create phytotoxicity.

Since phenolic substances play an important
role in the chemical interaction of plants because
of resistance to microbiological action and the abi-
lity to accumulate in the root environment and to
affect the growth and development of plants [2],
their content in soil substrates with analcite has
been studied.

In the model experiments with wheat and mai-
ze, in the case of analcite application, in all stu-
died concentrations, the amount of free phenolic
substances in the soil decreases 1.1—1.5 times as
compared with the reference, which obviously in-
dicates a greater intensity of moisturization pro-
cesses under the influence of silicon-containing
mineral (Fig. 7). At the same time, the accumula-
tion of phenolic compounds in the reference sam-
ple indicates that humus-forming processes are
disturbed, which can adversely affect the physio-
logical condition of plants.

Thus, the use of analcite does not cause any
phytotoxicity of the soil and helps to improve the
allelopathic and biochemical characteristics of soil
to stimulate the growth and development of plants,
which is especially important at a low moisture
content (20 and 40% of TSM).

Influence of analcite
on the allelopathic and microbiological
properties of the soil-plant system

The analcite effect on the allelopathic and mic-
robiological properties of the soil under sugar
beet when the mineral is introduced in the row
spacing at a rate of 50 kg / ha has been analyzed.
The field experiments have been conducted in
the research fields of the Institute for Bioenergy
Crops and Sugar Beets of the NAAS of Ukraine;
the soil is low-humus chernozem (humus content
2.0—2.1%).

As a result of determining the allelopathic ac-
tivity of the soil, it has been found that analcite sti-
mulates the growth of bioassay (growth of L. sa-
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tioum roots) by 29 and 26% after 3 and 6 months
after application, respectively, which indicates
the improvement of the growth and development
conditions for plants (Table 1).

In the case of analcite appilication, the redox
potential (at a rate of 50 kg/ha) exceeds the refe-
rence, which testifies to a low presence of labile
organic compounds that may have allelopathic ef-
fects on plants, in the experiments (Table 2).

Phenolic compounds are precursors of humic
substances, but in the mobile form they may be al-
lelopathically active [2]. The content of free phe-
nolic compounds in the soil with the application
of analcite (50 kg/ha) decreases 1.6 and 1.4 times
as compared with the reference, after 3 and 6
months after application, respectively (Table 3).

Hence, the introduction of analcite helps im-
prove the humification process. In the reference
sample, on the contrary, labile phenolic substanc-
es prevail, which may cause phytotoxicity of soil
under certain conditions.

Table 1. Allelopathic Activity of Soil after the Plantation
of Sugar Beet with the Introduction of Analcite,
a Growth in Lepidium satioum Roots (% reference)

Sampling time, months after the . .
No. introduction of analcite (50 kg/ha) Soil +analcite
1 3 129.4 £5.2
2 6 126.0 £5.0

Table 2. Redox Potential in the Soil after the Plantation
of Sugar Beet with the Introduction of Analcite, mV

Sampling time, months after
the introduction of analcite Reference Soil + analcite
(50 kg /ha)
3 200.0 £5.1 2450+ 7.3
6 232.0+69 279.0 £ 8.4

Table 3. The Content of Phenolic Compounds
in the Soil after the Plantation of Sugar Beet
with the Introduction of Analcite, mg/kg

Sampling time, months after
the introduction of analcite Reference Soil + analcite
(50 kg/ha)
3 110.1 £ 4.5 69.7 £ 3.5
6 105.2+ 5.2 754+ 3.8
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The use of silicon-containing mineral analcite
(50 kg/ha) improves the biochemical properties
of the sugar beet root soil for 6 months, which has
a positive effect on its allelopathic properties, as
well as affects the microbiological activity of the
soil. While studying the composition of the soil
microbiocenosis, we have identified the groups of
microorganisms that are most typical for allelo-
pathic soil fatigue. They include microscopic fungi,
spore-forming bacteria, actinomycetes, and nitro-
gen bacteria. This list may be extended, but con-
tains the main indicator microorganisms that are
sensitive to phytotoxins.

A microbiological analysis has been done by
sowing soil suspensions in appropriate dilutions
on agar nutrient media, in accordance with gene-
rally accepted methods [18]. The number of oli-
gonitrophils (KAA), ammonifiers (MPA), micro-
mycetes (Capek’s medium), actinomycetes (KAA),
spore-forming bacteria (Mishustin’s medium),
and cellulosolytic microorganisms (Hutchinson’s
medium) has been counted. The number of nitro-
gen-fixing microorganisms has been determined
by application to the surface of Ashby’s agar me-
dium [22]. The total number of colonies, which is
counted when sowing soil suspensions, is condi-
tioned by the number of CFU (colony-forming
units). The ratio of individual ecological and tro-
phic groups of microorganisms (mineralization-
immobilization coefficient) has been determined
by K.I. Andreiuk and coauthors [23].

As a result of the research, it has been estab-
lished that analcite (50 kg/ha) activates the ac-
companying microbial groups in the soil between
the rows of sugar beet (Table 4).

Thus, the number of actinomycetes and micro-
mycetes grows 5 times and almost 2 times, re-
spectively. Consequently, the intensity of enzymes
secreted by them increases, as a result of which
the processes associated with the transformation
of nitrogen and carbon compounds get intensi-
fied. The amount of spore-forming bacteria and
cellulolytic microorganisms is not significantly
affected by the application of analcite. A low cel-
lulose activity of the latter is noted both in the re-
ference and in the experimental soils (the decom-
position of fiber is only 2.5—3.1%). However, bac-
teria dominate the reference sample, while fungi
prevail in the experimental one.

Under the action of analcite (50 kg/ha), the
pool of microorganisms that assimilate inorganic
forms of nitrogen increases, with the growing in-
dex of mineralization-immobilization (by 0.7) in-
dicating the intensification of the soil mobiliza-
tion processes of the transformation of nitrogen
compounds and related processes of mineraliza-
tion of organic substances.

Overgrowth of soil lumps with nitrogen-fixing
microorganisms is 100% in both cases, but in the
experimental sample with analcite (50 kg/ha),
their development is more intensive.

Hence, the application of silicon-containing mi-
neral analcite (50 kg/ha) significantly improves
the microbiological parameters of the soil. The re-
sults of research have allowed us to explain the am-
biguity of the response of soil microorganisms to
the introduction of silicon-containing minerals
and, considering the microbiota an indicator of
plant response to soil conditions, to predict their
effect on the productivity of plant organisms. In

Table 4. The Number of Microorganisms of the Main Taxonomic and Ecological Trophic Groups
in the Soil after the Plantation of Sugar Beet with the Introduction of Analcite (50 kg / ha)

i Oligonit- | Spore-forming | Micro- | Actino- | Cellulosolytic | % decompo- N.itrogen—fi?iing Mineralization-
Ammonifiers, . . . microorganisms, | . e
No. Tion rophils, bacteria, mycetes, | mycetes, m/o, sition o overarowth immobilization
m million thousand thousand | million thousand of cellulose o overg coefficient
of soil lumps
1 47.5+35 |385+6.5| 121.5£13.4 |14.0£5.0| 1.5+0.7 | 26.0£5.7 3.1 100 0.8
2 21.5+21 | 54.5£5.5| 140.0£19.8 |24.5+0.7 | 7.5+2.1 20.0+£1.4 2.5 100 2.5
Note: 1 — reference, 2 — application of analcite (experiment).
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addition, the analysis of the obtained data has
shown the nature of the relationship between the
microbiological and the enzymatic activity and
may be used to improve the biological condition
of the soil and to reduce soil fatigue after peren-
nial plantation of crops.

In general, the studies have shown a positive
effect of analcite at all concentrations on the phy-
siological and biochemical properties of the plant-
soil system under conditions of insufficient mois-
ture, which contributes to optimizing the growth
and moisture regime of winter wheat and maize.
No phytotoxic manifestation of analcite has been

reported. The allelopathic properties of the root
environment of winter wheat, maize, and sugar
beet improve as a result of decreasing content of
free phenolic compounds and activating the re-
dox and microbiological processes.

The introduction of effective and safe techno-
logy for the use of analcite is promising to raise
the adaptability of plants to drought and to redu-
ce the effects of soil fatigue.

The research has been made within R&D pro-
ject the Development of Modern Technology for
Obtaining Natural Silicon-Containing Nanomate-
rials for Plant Protection (No. DR 0111U066533).
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3ACTOCYBAHHS KPEMHIVBMICHOTO MIHEPAJTY AHAJIBITUMY
JUJIST OTITUMIBAIIIT DI310JIOTO-BIOXIMIUHUNX, AJTEJTOTTATUUYHNX
TA MIKPOBIOJIOTTYHUX BJIACTUBOCTEN CUCTEMU POCJIMHA—-TPYHT

Beryn. [mo6asbhi kiaiMaTHYHI 3MiHK CIIPUYMHIOIOTh HEPIBHOMIPHICTD OMa/iB, 110 MOTiPIITY€E BOAHO-(hi3HMUYHI BIaCTHBOCTI
IPYHTY Ta mopy1rye MikpobiosoriuHi mportecu. Sk HACTIIOK MOKe BUHUKATH aJeJIONaTHYHA ITPYHTOBTOMA.

IIpo6aemaTuka. [Tonryk i po3pobiieHns HOBUX e(eKTUBHUX Ta Ge3IeUHNX 3aX0/1iB pery oBanns (izionoro-6ioxiMiuHo-
T0, AJIeJIONATHYHOTO H MiKPOOIOJIOriYHOTO CTaHy CHCTEMH POCIMHA—TPYHT € HaraJbHOI0 HEOOXiIHICTIO 32 YMOB HeCTabiIbHOT
€KOJIOTIUHOI cUTYyaIlii.

Mera. OnrumisysaTu (iziosoro-6ioximMiuHi, ajgesonatndHi it Mikpo6ioJoriyHi XapaKTePUCTUKU CUCTEMI POCAUHA—TPYHT
3a YMOB HEJIOCTATHBOIO BOJIOr03abe3eyeHH s Ta IPYHTOBTOMU IILJISIXOM 3aCTOCYBaHHSI KDEMHIMBMICHOTO MiHEPALY aHAJIBI[IMY.

Marepianu i MeToAM. Y MOJIEJIbHUX BEreTaliitHUX OCIi/IaX BUBYAIN BIJIMB KPEMHIIBMICHOTO MiHEpasy aHAJIBIUMY
y koutenTparii 0, 100, 200 Ta 300 mr Ha 200 M IPYHTOBOTO CyOCTpaTy Ha TIOKA3HUKU POCTY, BOAHOTO PESKUMY POCJIHH IIIIe-
HUI Ta KyKYPYyA3u 3a pisHux ymoB 3BosiokeHHst (20, 40 Ta 60% moBHOT BOJIOTOEMKOCTI) Ta THILY IPyHTOBOTO CybCTpaTy.
VY 10J1b0BOMY €KCIIEPUMEHTI aHAJIBIIUM BHOCHJIU B ITPYHTOBUI CyOCTPAT MEPeJl ITOCAKOI0 HACIHHSI ITi/[ POCJMHU I[yKPOBOTO
6ypsiky y HOpMi 50 Kr/Ta. Y MOAEJbHNX Ta MOJIbOBUX JA0CTiIaX aHaMi3yBaIu Mepedir peoKe-TPoIeciB, BMICT (eHOJIB Ta MiK-
po6ioJoriuHi MOKa3HUKU TPYHTY.

Pesyapratu. Bukopucrants aHaibIlIIMy ONTHUMI3YBaJIO MOKA3HUKK POCTY, BOIHOTO PEKUMY POCJIHH, & TAKOXK aJesora-
TUYHI XapaKTEePUCTUKNU CUCTEMH POCIMHA—TPYHT HMIJIAXOM 3HU/KEHHST BMICTY BIIBHUX (DEHOJIIB, aKTHBI3aIlil PO3BUTKY MiKPOO-
HUX 11eHO03iB 11 pelokc-tiporieciB. [Ipu nbomy BiziMiueHo BificyTHICTH (DiTOTOKCUYHOTO MPOSIBY aHAJIBIIIMY,

BucHoBKH. 3anpolloHOBAHO 3aCTOCYBAaHH aHAJIBIIMMY [IJIst TIOKpaIleH s (hi3iosoro-6i0XiMivHMX, ajeJonaTHYHuX i MiK-
POO6IOIOTTYHIX BIACTUBOCTEN CHCTEME POCaUHA—TPYHT. OKPecieHO ePCIeKTHBY BUKOPUCTAHHS MiHEPAJLY LISl ITi[BUIIIEH-
HST QAN TaliiiHol 3/[aTHOCTI POCJIMH 32 YMOB TIOCYXH Ta JIJIsI OIOJIAHHST HACJI/IKIB IPYHTOBTOMM.

Kniouogi croea: o3uma mieHuIlst, KyKypy/asa, IyKpoBHii GYpsIK, aHATBIINM, MiKPOOIOI[EHO3, aJIeIOMaTHYHO aKTUBHI CIIO-
JIYKH, BOJIOT03a0€3eUeHHsI, TPYHTOBTOMA.
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