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Abstract. This paper studies the impact of expanded vermiculite, humic substances and
organomineral ameliorant fertilizers obtained by immobilizing humic substances on expanded
vermiculite on the growth of corn plants. Immobilization of humic substances on natural
aluminosilicates, such as expanded vermiculite allows achieving a synergistic effect combining the
ameliorative properties of expanded vermiculite, which improves soil structure and water-
holding capacity with the fertilizing properties of humic substances, stimulating plant growth and
increasing their resistance to stress. In addition, the use of this organomineral ameliorant-
fertilizer of prolonged action helps maintain soil fertility for a long time due to the gradual release
of nutrients and improvement of the agrochemical characteristics of the soil. Indicators of total
biomass, root and aboveground part mass, number and mass of green leaves, as well as
morphometric parameters such as plant height and stem thickness were considered in laboratory
experiments. The obtained results demonstrate a significant improvement in plant growth when
using the developed ameliorant fertilizers under conditions of moisture deficiency and highly
depleted soils. According to the results of the experiment, the total biomass with roots increased
by 57.3% when using expanded vermiculite and by 80.7% when adding humic substances. The
use of the ameliorant fertilizer "GumiVer" (soil:GumiVer/9:1) increased the biomass by 127.6%
compared to the control, which confirms the synergistic effect between the components of the
ameliorant fertilizer. The increase in the mass of the aboveground part and the mass of roots
when using the ameliorant fertilizer "GumiVer" was 135.8 and 107.3%, respectively.

Key words: ameliorant, biofertilizer, expanded vermiculite, humic substances, biologically
active substances.

INTRODUCTION reasons for the deterioration of soil

Decrease in soil fertility in properties. The use of synthetic fertilizers
Kazakhstan is a serious problem that has a reduces the level of organic matter in the
negative impact on crop yields and food soil and leads to a decrease in its fertility.

security of the country. In Kazakhstan, due In addition, excessive use of fertilizers
to its geographical location and arid causes the accumulation of salts in the soil,

climate, issues of preservation and Which makes itless suitable for agriculture.
restoration of soil fertility require special This is especially problematic in regions
attention. According to the author [1],up to ~With insufficient rainfall, where salts can
30% of humus has been lost in the non- accumulate in the surface layers of the soil.
irrigated zone of Northern Kazakhstan In this regard, the development of
compared to the natural state, and up to organomineral ameliorant fertilizers based
50% in irrigated soils of southern on natural minerals and biologically active
Kazakhstan, due to secondary salinization compounds seems to be a very promising
processes and soil pollution. direction for improving soil properties and

The excessive use of chemical increasing the productivity of agricultural
fertilizers and pesticides is one of the crops [2]. Among natural minerals, alumi-
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nosilicate minerals can be distinguished.
Such minerals include expanded perlite
and vermiculite. The advantage of natural
minerals is their low cost and functional
ability to act as ameliorants [3-5].

Expanded vermiculite is a natural
aluminosilicate that increases in volume
during heat treatment due to the expansion
of its layered structure. This material has
unique physical and chemical properties,
which makes it valuable in various
industries, including agriculture. Expanded
vermiculite has high porosity, which helps
retain moisture and air in the soil. The
ability of expanded vermiculite to adsorb
water and nutrients, retain and gradually
release them to plant roots reduces the loss
of water and nutrients and ensures their
long-term supply.

The expanded vermiculite is neutral
to acids and alkalis, making it safe for use
in agriculture without the risk of changing
the acid-base balance of the soil. The
expanded vermiculite does not decompose
under the influence of microorganisms,
does not emit toxic substances, and does
not contain heavy metals, which makes it
safe for use in environmentally friendly
farming. The vermiculite contains magne-
sium, potassium, calcium and other mic-
roelements, which are additional nutrients
for plants. The expanded vermiculite is
used to improve the soil structure, increa-
sing its looseness and water-holding
capacity. This is especially useful for heavy
or sandy soils, improving drainage and
preventing nutrient leaching [6-8]. In
general, the expanded vermiculite is a
valuable material for improving the physi-
cal properties of soil, increasing crop yields
and sustainability of agricultural crops.

Humic substances (HS) produced
from various raw materials of organic
nature, which easily included in the natural
cycles of substances that activate the
growth and development of living orga-
nisms. The presence of various functional
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groups in the HS, including aromatic
structures determines their active partici-
pation in sorption processes, in reducing
the mobility and bioavailability of toxic
elements. Due to these properties, HS are
recommended for practical use in many
areas, including the restoration of the eco-
logical state of soils exposed to chemical
pollution, in particular heavy metals.
Humic products are most widely
used in agriculture as plant growth
stimulants, and mainly in the form of easily
soluble salts of humic acids with alkali
metals. They are physiologically active
forms of humic acids and act at the cellular
level - they change the permeability of cell
membranes; increase enzyme activity and
the rate of physiological and biochemical
processes; stimulate respiration, protein
and carbohydrate synthesis in plants. The
use of these preparations leads to an
increase in crop yields, especially in
unfavorable climatic conditions. Being non-
specific activators of the immune system,
humic products increase plant resistance
to various diseases. Experiments with
various crops of higher plants have shown
that the use of industrial humates (salts of
humic acids) of sodium, potassium and
ammonium, regardless of the source of raw
materials for their production. They in
optimal doses significantly stimulates seed
germination, improves respiration and
nutrition of plants, increases the length
and biomass of plant sprouts, enhances
enzymatic activity and reduces the entry of
heavy metals and radionuclides into plants.
The positive effect of humic substances on
plant growth is usually associated not only
with the direct interaction of humic
substances molecules  with  roots
(“hormone-like activity”) and activation of
physiological processes in the plant, but
also through the manifestation of various
indirect effects. For instance, humic
products are capable of buffering pH that
increasing water retention and mobilizing
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the availability of nutrients [9-13]. There-
fore, the creation of new organomineral
fertilizers-ameliorants possessing fertili-
zing, meliorating and structure-forming
effects can be used in agriculture to increa-
se the fertility of degraded and low-pro-
ductivity soils by improving their nutritio-
nal, physical-mechanical and water-saving
properties, as well as the ability to convert
toxicants - heavy metals into an immobile
form that creating conditions for obtaining
environmentally friendly plant products.

The main purpose of this study is to
develop an organomineral fertilizer-
ameliorant based on expanded vermiculite
and humic substances and their effect on
corn growth. For this purpose, pot
experiments were conducted both using
the developed preparations and with
individual components of the preparation
to test the hypothesis about the possible
synergy of their properties.

MATERIALS AND METHODS

Natural sorbents and biologically
active additives were used as a prepared of
organomineral ameliorant fertilizer. For the
production of organomineral ameliorant
fertilizer, industrially produced samples of
expanded vermiculite from the Kulantau
deposit (Avenue LLC) and potassium hu-
mate (Black Biotechnology LLC) were used.

Main characteristics of expanded
vermiculite grade M-150: bulk density of
expanded vermiculite up to 140 kg/m3,
mass fraction of moisture from 0.15-0.8%.
Water capacity is 345.0%. Granulometric
composition of expanded vermiculite is
from 0.1 to 7.0 mm. The main fraction is
from 1.0 to 2.0 mm in size with a mass
fraction of 53%. With a size from 2.0 to 5.0
mm, the mass fraction is 35.2% of the total
mass. The chemical composition of the HS
is in table 1.

Table 1. Chemical composition of the Humic substance solution (according to the

manufacturer)

Ne Sample Determined indicators The actual obtained results

1 Total fulvic acid content 16.11 g/dm3
The share of fulvic acids in the total content of

2 . 61%
humic substances

3 Potassiu | Total dissolved humic acids 10.49 g/dm3

m humate | The share of humic acids in the total content of
4 . . 39%
solution | humic substances

5 Total nitrogen (N) 45.00 mg/dm3

6 Total phosphorus (P) 54.60 mg/dm3

7 Potassium (K) 29.1 g/dm3

Pre-weighed samples of expanded
vermiculite were dried to a constant mass
in order to produce the ameliorant
fertilizer. Then, with constant stirring, a 2%
solution of humic substances is added to
the expanded vermiculite until they are
completely evenly distributed in the total
mass. The volume of the humic substance
solution corresponds to 80% of the maxi-
mum moisture capacity of the expanded
vermiculite. The obtained preparation was
incubated for 24 hours to fully equalize the
humic substance content on the natural
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carrier. Then the samples were dried to an
airdry state under ambient conditions. The
thusmade ameliorant-fertilizer based on
expanded vermiculite immobilized with
humic substances is conventionally called
"GumiVer".

Soil. In the experiments used soil
selected in the foothill-steppe zone of the
Almaty region near the village of Koldi,
Karasai district on an old-irrigated, old-
arable, depleted and degraded site with
coordinates: 43°19'31.8"N 76 °42'44.9"E
(figure 1).
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Figure 1 - Soil sampling site: Koldi village, Karasai district, Almaty region,
Kazakhstan (43°19'31.8"N 76°42'44.9"E)

These soils are mostly all plowed and
are actively used in agriculture for growing
grains, soybeans and various grasses. Ac-
cording to the granulometric composition,
the selected soil is sandy-silty-silty, physi-
cal clay in the soil is 39.3% (medium loam).

The humus content of the soil was
0.59% (very low) and mobile nitrogen was
36.4 mg/kg (low); mobile phosphorus was
36 mg/kg (high) and mobile potassium
was 236 mg/kg (average). The total nitro-
gen content was 0.056%, the total phos-
phorus content was 0.06%, and the total

potassium content was 3.0%. The sum of
absorbed bases was 13.74 mg-eq. /100 g,
calcium and magnesium cations predomi-
nate in the sum of absorbed bases; CO; was
5.6% (strongly carbonate).

The selected soil was thoroughly
mixed before the experiment and sifted
through a sieve with 2 mm mesh sizes.
Before filling the vessels, the soil was
thoroughly mixed with the studied amelio-
rant fertilizers according to the experiment
variants. The working moments of the
experiment are shown in figure 2.

Figure 2 - Working moments of the experiment
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Plastic container pots were used for
the experiment. At the bottom of the
container, a filter was created from
expanded clay and fabric circles. The
lowest moisture capacity (MC) of the soil
was 25% according to RD 52.33.219 - 2002
in laboratory conditions.

The experiment was conducted on
early-ripening corn plants of the FAO 160
variety provided by «KUSTO GROUP». The
corn seeds were sown to a depth of about 3
cm in each container-pot. All containers
were watered manually; the required
amount of water was calculated to main-
tain HB at 40% by weighing each container.
In order to eliminate the influence of
indoor lighting, the position of each contai-
ner was spatially changed once a week. All
experimental variants were carried out in 4
repetitions.

Preparation
experimental design

The following substrate composi-
tions were prepared for the experiment:

1.Soil 51;
. Expanded vermiculite 5 I;
.GumiVer 5 1;
.Soil 51+ HS 0.21;
.Soil 4.5 1 + Expanded vermiculite 0.5 I;
.S0il 4.0 1 + GumiVer 1.01 (4:1);
.Soil 4.51 + GumiVer 0.51 (9:1);
.S0il 4.75 1 + GumiVer 0.251 (19:1).
The total volume of all substrates
was 5 1.

The design of the experiment is
based on the hypothesis that synergy will
be achieved when using the developed
ameliorant fertilizer "GumiVer" as opposed
to using each of its components separately.
Therefore, the first series of experiments
were set up as follows:

Soil 5 1- control;

Soil 51+HS 0.2 ], this amount of humic
substances corresponds to its content in
the composition of “GumiVer”;

Soil 4.5 1+0.5 1 Expanded vermi-
culite, where the amount of expanded

of substrates and

2
3
4
5
6
7
8
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vermiculite corresponds to its content in
the composition of "GumiVer";
Soil 4.51+ 0.51 GumiVer;

In the second series, various contents
of GumiVer in the composition of the sub-
strate were compared to determine the
most optimal dose for its application to the
soil.

Soil 51 - Control;

Soil 4.0 1+ GumiVer 1.0 1 (4:1);
Soil 4.51+ GumiVer 0.51 (9:1);
Soil 4.751+ GumiVer 0.251 (19:1);

In addition, pure expanded vermicu-
lite and GumiVer were used for compa-
rison.

Research methods..

For the agrochemical characteriza-
tion of the soil used in the experiment,
analytical work was carried out in the
analytical laboratory of the U.U. Uspanov
Kazakh Research Institute of Soil Science
and Architecture using methods generally
accepted in soil science and agrochemistry
[14-15]: total humus - according to Tyurin,
total nitrogen - according to Kjeldahl,
easily hydrolyzed nitrogen - according to
Tyurin-Kononova, mobile phosphorus and
potassium - according to Machigin; pH -
potentiometrically, CO2 - with a calcimeter,
absorbed bases Ca*, Mg+ - trilonometri-
cally, K*, Na* - on a flame photometer.

During the main growth and deve-
lopment phases of maize plants, biometric
studies and selections of plant samples
were conducted to study their growth and
development dynamics depending on
various types and doses of nitrogen fer-
tilizers. The leaf surface area and photo-
synthetic productivity were determined
using the formula of A.A. Nichiporovich,
L.E. Stroganov, and others [16].

The obtained experimental material
was processed statistically according to
B.A.Dospekhov [17]and V.N. Peregudov [18].

The experimental data were subjec-
ted to statistical analysis using the analy-
tical package Excel. The analysis of the
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regression dependence, taking into account
the effect and interaction of the substrate
components on the growth indicators of
corn was carried out using a nonlinear
regression model. Regression equations
were constructed by sequential evaluation
and exclusion of insignificant regression
terms (P<0.05). The consistency of
theoretical and actual data was estimated
using the determination coefficient (R2).
The effects and interactions of the factors
under study were presented in the form of
aregression equation:

Y=ao+a1x10°+azx1+asx205+asxz+asxs0s
+36X3+a7(X1X2)0'5+a8(X1X3)0'5+a9(X2X3)0'5 (1)

where:

Y - resulting (dependent) factor;

ao - a free term reflecting the value of
the resulting factor without using the
factors being studied; ai, az, a3, ... an - reg-
ression coefficients reflecting the action
and interaction of factors;

x1 X241 x3 - the studied substrate
components were the proportion of soil
and vermicompost, and the dose of humic
salt, respectively.

RESULTS AND DISCUSSION

The creation of new organomineral
ameliorant fertilizers with fertilizing,
meliorating and structure-forming effects
can be used in agriculture to increase the
fertility of degraded, low-productivity soils
byimproving their nutritional, physical-me-
chanical and water-saving properties [19].

Therefore, the development of new
types of ameliorant fertilizers based on
Kazakh raw materials and the study of
their properties seems very promising. The
experimental data were subjected to reg-
ression analysis to identify the dependence
of the studied biometric indicators on the
composition of the substrate.
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The results of the experiment
showed that the greatest increase in the
total biomass and other parameters of corn
growth is observed when using the
ameliorant fertilizer "GumiVer" (table 2).
The study of the impact of the ameliorant
fertilizer "GumiVer" and its components -
expanded vermiculite and humic substan-
ces on the growth of corn was conducted
within the framework of two series of
experiments. In the first series, the impact
of individual components and their combi-
nation in the composition of "GumiVer"
was assessed; and in the second series,
different dosages of the ameliorant ferti-
lizer in the soil.

During the first series of experi-
ments, a comparison was made between
the control soil sample and substrates
containing humic substances, expanded
vermiculite and GumiVer. The amounts of
humic substances and expanded vermicu-
lite in the substrate exactly matched their
amounts in the composition of the
ameliorant fertilizer GumiVer, and the ratio
Soil:GumiVer was 9:1 in volume terms.

Comparison of the main morpho-
metric parameters for the first series of
experiments allows us to arrange the
studied substrates in the following order:
Control (soil) < Expanded vermiculite < HS
< GumiVer.

As can be seen from table 3, the total
biomass with roots increased by 57.3%
when using expanded vermiculite and by
80.7% when adding HS. The use of
GumiVer increased the biomass by 127.6%
compared to the control, which indicates
its effectiveness. The increase in the mass
of the above-ground part and the mass of
roots when using GumiVer was 135.8 and
107.3%, respectively.
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Table 3 - Comparison of morphometric parameters of corn using different substrates

Substrate Difference, %
Parameters Soil |Soil+Expanded| Soil+ Soil+ Exszlrtled Soil+ Soil+
(control)| vermiculite HS | GumiVer pande HS |GumiVer
vermiculite
Total blomass with |, o, 3.02 347 | 437 573 | 807 | 1276
roots, g
Weight ofabove- |, 5, 2.25 241 | 323 64.2 759 | 135.8
ground part, g
Root mass, g 0.55 0.75 1.03 1.14 36.4 87.3 107.3
Number of green | = 5 oo 438 530 | 6.06 10.9 342 | 534
leaves, pcs.
Weight of green 0.69 1.02 1.09 | 1.46 47.8 58.0 | 111.6
leaves, g
Plant height, cm 14.19 20.33 19.65 24.81 43.3 38.5 74.8
Stem thickness, mm 1.96 2.45 2.21 2.43 25.0 12.8 24.0
Leaf area, mm? 49,92 63,10 72,20 97,10 26,4 44,6 94,5

"GumiVer" shows the best results in
all indicators in comparison with the use of
its individual components (expanded ver-
miculite and HS). This confirms our hypo-
thesis about the synergy that occurs as a
result of immobilization of humic substan-
ces on expanded vermiculite. The substrate
with "GumiVer" demonstrates a significant
improvement in biomass, mass of the abo-

ve-ground part, the number of leaves and
their area, which makes it the most effec-
tive for improving the corn growth.

The use of expanded vermiculite or
humic substances separately also gives
improved results compared to the control,
however they do not achieve the same ef-
fect as the ameliorant fertilizer "GumiVer"
developed on their basis (figure 3).

4.5
4
3.5
3
on 2.5 —
4 2 = =
E L5 — E E
I = = =
0.5 = = % =
0 =8 = =
Soil (control)  Soil+Expanded Soil+ HS Soil+ GumiVer
vermiculite

Il Total biomass with roots = Weight of above-ground part % Root mass

Figure 3 - Impact of different substrates on the corn growth

The dosage of 1 1 (4:1) also shows
good results; however, increasing the dosa-
ge does not lead to a significant increase in
efficiency. It is possible that the increase in
the content of "Gumiver" in the substrate
stimulates the growth and activity of soil

microorganisms, followed by competition
of microphores for nutrients with plants.
The dosage of 0.25 1 (19:1) gives results
better than the control, however was signi-
ficantly inferior to higher doses (figure 4).
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Table 4. Comparison of morphometric parameters of corn at different dosages of the
ameliorant-fertilizer "GumiVer"

Parameters Soil GumiVer Difference, %
(control) 4:1 9:1 19:1 4:1 9:1 19:1
Total biomass 1.92 4,01 4,37 3,07 108,9 127,6 59,9
with roots, g
Weight ofabove-| ) 5, 2,63 3,23 2,40 92,0 135,8 75,2
ground part, g
Root mass, g 0,55 1,40 1,14 0,67 154,5 107,3 21,8
Number ofgreen| 5 5o 5,65 6,06 5,50 43,0 53,4 39,2
leaves, pcs.
Weight of green 0,69 1,18 1,46 1,13 71,0 111,6 63,8
leaves, g
Plant height, cm | 14,19 2493 | 2481 | 17,67 75,7 74,8 24,5
Stem tr?l‘r;k“ess' 1,96 2,28 2,43 2,37 16,3 24,0 20,9
Leaf area, mm? 49,92 7455 | 97,10 | 76,69 493 94,5 53,6
4.50
4.00
3.50
3.00
b.[_’ ") -
o _.:‘0
g 2.00
=
S 2.
1.50 _
1.00 =
0.50 = = = =

Soil (control)  GumiVer (4:1) GumiVer (9:1) GumiVer (19:1)

1 Weight of above-ground part =Roof mass & Weight of green leaves

Figure 4 - Impact of different dosages of GumiVer on the corn growth

The use of pure expanded vermi- of leaves and the leaf area. "GumiVer" (in
culite showed a positive impact on root pure form and mixed with soil) provides a
mass (+147%), however, at the same time more significant improvement in the corn
reduced such important indicators as the growth compared to pure expanded
mass of the aboveground part, the number vermiculite (figure 5).
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Soil (control)

Expanded

GumiVer GumiVer (9:1)

vermiculite

1 Total biomass with roots

= Weight of above-ground part

# Root mass

Figure 5- The impact of expanded vermiculite, the ameliorant fertilizer
GumiVer and the mixture Gumiver:Soil (9:1) on the corn growth

In all likelihood, the ameliorant-
fertilizer "Gumiver" in optimal combination
with soil in the substrate stimulates meta-
bolic processes in plants and increases
their growth activity.

Mathematical analysis showed a
complex nonlinear regression relationship
between the studied substrate components
and biometric indicators, which is confir-
med by high values of the determination
coefficients (Rz = 0.917-0.982).

The regression relationship of bio-
metric indicators of corn (U) with the stu-
died variants of the combination ofsubstra-
te components with different proportio-ns
of expanded vermiculite (x1), soil (x2) and
treatment with humic salt (x3) is reliably
described by the following equations (2-9).

Total plant biomass:

Y=748,16 - 745,78x10> - 746,24x;05-
94,81x3 + 107,59x305 + 562,13(x1x2)%°-
11,40(x1x3)95 -61,73(x2x3)%%; R2=0,982 (2)

Aboveground mass of plants, g:

¥=535,5 - 534,49x:%5 - 534,14x205-
71,45x3 + 79,94x3%5 + 562,13(x1x2)%5 -
11,40(x1x3)95 -45,65(x2x3)%%; R2=0,962 (3)

Plant root mass, g:

¥=197,09 - 195,73x1%%> - 196,53x205-
21,39x3 + 25,33x3%5 + 173,36(x1x2)%5 - 3,09
(x1x3)05 - 14,69(x2x3)%5; R2 = 0,968 (4)
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Number of leaves, pcs:

y=3,28 + 0,66x2%5- 5,57x3 + 5,68x305
+1,52(x1x2)%5; R2= 0,923 (5)

Leaf weight, g:

Y =221,27- 220,85x1%5- 220,58x205 -
30,21x3 + 33,1x3% + 196,15(x1x2)%5 - 2,69
(x1x3)%5 - 18,7 (x2x3)%5; R2 = 0,950 (6)

Plant height, mm:

y=3832,74 3818,85x105
3818,56x205 - 457,69x3 + 515,46x305 +
3392,71(X1X2)0’5 - 55,4(X1X3)0'5 - 298,55
(x2x3)%% R2=0,973 (7)

Stem thickness, mm:

¥=1,959 - 0,409x:%5 + 3,419x3%5 +
2,4-13(X1X2)0'5— 3,128(X1X3)0'5 - 2,808(X2X3)

0,5+
)

R2=0,917

Leaf area, mm?:

¥=15115,6 15087x10°
15065,7x205+ 2260,12x305 - 2095,27x3 +
13384 (x1x2)%5- 153,526(x1x3)%5 - 1273,28
(X2X3)0’5; Rz=10,972 (9)

Thus, the introduction of expanded
vermiculite and HS into the soil substrate
has a significant impact on the corn grow-
th. However, combinations of these substan-
ces in the composition of the ameliorant
fertilizer "GumiVer" contribute to a greater
increase in biomass, aboveground part and
other growth indicators.

(8)
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It should be noted that the studied
range of shares and doses of substrate
components in the experiment does not al-
low extrapolating the results beyond them
due to the insufficiency of their combina-
tion. Therefore, it is not possible to apply
the obtained equations for practical use in
composing substrate components. The ob-
tained experimental results are of scientific
value and show the possibility of combini-
ng the studied components in composing
substrates. For the widespread use of va-
rious combinations of these components,
further research is needed to more thorou-
ghly study the mechanisms of interaction
of these components in field conditions on
the productivity of agricultural crops and
soil fertility.

CONCLUSION

The developed ameliorant-fertilizer
"GumiVer" based on expanded vermiculite
immobilized with HS has the greatest
positive impact on plant growth compared
to the separate use of its components. All
key growth parameters: biomass, weight of
the aboveground part, weight of roots,
plant height and leaf area are significantly
improved when using "GumiVer".

The first series showed that the use
of individual components (expanded ver-
miculite and humicsubstances) has a positi-
ve impact on plant growth compared to the
control; however, does not achieve the
same impact as their combined use in the
composition of"GumiVer". For instance, the
total biomass with roots when using ex-
panded vermiculite increased by 57%, and
humic substances by 81%, while the com-
bined use in the composition of "GumiVer"
led to an increase of 127%. The mass of the
aboveground part increased by 136%
when using "GumiVer" compared to 64%
for expanded vermiculite and 76% for
humic substances.

These results confirm our hypothesis
about the synergy between the compo-

nents of GumiVer. The combination of
expanded vermiculite and humic substan-
ces has a more pronounced positive impact
on plant growth and development than
their separate use.

In the second series, different
dosages of GumiVer were compared to
determine the optimal concentration:

e The dosage of 11 (4:1) increased biomass
by 109%, the weight of the aboveground
part by 92% and the weight of the roots by
155%.

e The dosage of 0.5 1 (9:1) showed the
greatest increase in all parameters, increa-
sing biomass by 127%, the weight of the
aboveground partby 136%, theweight of the
roots by 107% and the leaf area by 94%.

e The dosage of 0.25 1 (19:1) also gave
positive results, however was less effective
compared to higher dosages.

Thus, the most optimal dosage for
the use of "GumiVer" was the proportion of
9:1 (soil:GumiVer), at which the maximum
growth of biomass, leaves and roots was
observed. The use of pure expanded vermi-
culite increases the mass of roots (+147%),
however reduces the mass of the aboveg-
round part (-26%) and the area of leaves (-
43%). This indicates a limited im-pact of
expanded vermiculite as an ameliorant fer-
tilizer, especially in terms of the develop-
ment of the aboveground part of the plant.

Pure application of "GumiVer" (wi-
thout soil) also leads to an increase in bio-
mass (+96%) and the mass of the above-
ground part (+14%); however, these
results are inferior to the indicators of
combined use with soil. Thus, the results of
the experiment demonstrate that the
ameliorant fertilizer "GumiVer" is highly
effective that significantly improving the
growth and development of corn. The most
optimal option for its use is a proportion of
9:1, which makes "GumiVer" a promising
tool for increasing crop yields and impro-
ving soil quality.

This research was funded by the Science Committee of the Ministry of Scien-ce and
Higher Education of the Republic of Kazakhstan (Grant Project AP23489073).
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TYWUIH

A./l. TazusoB?, A. AMaHxo0JiKbI3bI 12", B.M. AMupoB3, ['A. Canapos!3

TABUTU AJTIOMOCHUJIMKATTAP MEH BUOJIOTHUAJIBIK BEJICEH/I 3ATTAP/IbIH
HETI3IHJAE XXACAJIFAH OPTAHOMUWHEPAJIBIK MEJIMOPAHT-TBIHAUTKbBIIITAP/IBIH,
KYTEPI ©CIMAITTHIH 6CYIHE oCEPI. BOJIIM 1

10pmasvix A3us 3K0/102Us1 HCIHE KOPWAFAH 0pma Fbl./lbl.MU-SemeTI?/ OpMAa/iblFbl
(Aamamest), 050060, Aamameul, aa-Papabu 75 B, Kazakcman, “e-mail: arail3_95@list.ru

Zan-®apabu amuiHdarsl Kazax yammeolk yHusepcumemi,
050040, Aamamul, aa-Papabu 71, Kazakcmau
36.0. Ocnanos amuiHdaFsl Kazax monvlpaKmaHy j#caHe a2poXuMust FolablMU-
3epmmey uHcmumymosl, 050060, Aamamui, aa-@apaébu, 75 B, Kazakcmax

Byn KyMbICTa TYMHHAIK 3aTTapAbl KEHEUTIITeH BEPMHUKYJUTKE HMMOOWIN3ANUSIAY
apKblLibl aJiblHFAaH KEHEWTIJITeH BEPMUKYJUT, TYMHUHJi 3aTTap >9He OpraHOMHHepaJs/ibl
MeJIMOPaHT-ThIHAWTKBILITAPBIHbIH, Kyrepi eciMikTepiHiH ecyiHe acepi 3epTTesieni. Taburu
aJIIOMOCUJIMKATTapPFa, MbICaJlbl, KeHeUTiareH BEpPMUKYJIUTKE TYMUHJI 3aTTapAbl
MMMOOW/IN3alusIay, KeHeWUTiJIreH BepMUKYJUTTIH MeJUOpPaTUBTI KacueTTepiH OipikTipeTiH
CUHEepreTUKAJbIK dcepre KoJ MeTKi3yre MyMKiHAiK GepeJi, 0J1 TONBIPAK, KYPbLJIbIMbl MEH CyZibl
ycTay KabineTiH »KakcapTajibl, TYMUH/JI 3aTTap/blH ThIHAUTKBII KacueTTepiMeH OipikTipeni.
eciMZiiKTep/iH, ©6CyiH bIHTaJIaHABIPaJbl >XOHE OJIApAbIH CTpPecCKe Te3IMAiIIriH apTTeIpajbl.
CoHbIMeH KaTap, 6yJ1 OpraHOMHHepaJIJbl Y3aK d9Cep eTEeTiH MeJIMOPAHT-ThIHAUTKBILIIBIH KOJIJaHy
KOPEKTIK 3aTTap/blH GipTiHaen 6eJsiHyiHe JKoHe TONBIPAKTHIH, arpoOXUMHUSJIBIK
CUIlaTTaMaJlapblHbIH aKcapyblHa GalJlaHbICTbl TONbIPAK, KYHApJbIFbIH y3aK yaKbIT CaKTayfa
KeMeKTece/[i. 3epTxaHablK TaXXipubesiep xaanbl 6MoMacca KepceTKillTepiH, TaMbIpJiap MeH aya
OeJTiKTepiHiH MaccachlH, KachbLI >KaNbIpaKTapJAblH CaHbl MeH MaccachlH, COHZAMW-aK eciMik
OUWiKTIri MeH cabGaKTBhIH KaJIbIHABIFBI CUSKThI MOPOMETPHUSJIBIK MapaMeTpJiepAi 3epTTeui.
AJIbIHFaH HOTHXKeJslep bLJIFaJ TalllbLIbIFbl )XOHE KATThbl TO3bINl KETKEH TOMNbIPAK >KaFJalbIHJAa
93ipJieHreH  MeJMOpaHT-ThIHAUTKBIIITApAbl KOJJAHy KesiHJe eciMAiKTepAiH  ecyiHiH
alTapJbIKTal KaKcapFaHbIH KepceTeli. JKCIIepUMeHT HOTHUXKeci GOMBIHIIA TaMbIpbl 6ap KaJlIbl
6uoMacca KeHEeWTiJreH BepMUKYJUTTI KosgaHFaHga 57,3%-Fa, T'YMUHJAI 3aTTapAbl KOCKaH[a
80,7%-ra eckeH. «['yMuBep» MenuopaHT-ThIHAUTKBILIBIH KoJ1JaHy (Tombipak: 'ymuBep / 9:1)
OGaKplIayMeH Ca/lbICTBIpFaHAa OuomaccaHbl 127,6%-Fa  apTThIpAbl, OyJ  MeJHOPAHT-
TBIHAWTKBIIITbIH, KOMIOHEHTTEPI apacblHAAFbl CUHEpPTreTUKaJbIK acepi pactailgbl. «['ymuBep»
MeJIMOPAHT-THIHAUTKBIIIBIH KOJIIaHy Ke3iHJe ecCiMAIKTiH xep 6eTi 6eJiiri MaccachIHBIH >KoHe
TaMbIp MaccacblHbIH, 6cyi catikeciniie 135,8 xxaHe 107,3% Kypa/bl.

Tyliindi ce30ep: MeJUOPAHT, OUOTBHIHAWTKBILI, TOMNbIPAK, KEHEUTIIreH BEPMUKYJIUT,
TYMUH/i 3aTTap, 6UOJIOTUSJIBIK 6esIceH/Ii 3aTTap.

PE3IOME
AJl. TazusoB!, A. AMaHkosKbI3bI 2", .M. AMupog3, I'A. Canapos!3
W3YYEHUE BJIMIHUS OPTAHOMUHEPAJ/IbHBIX YIOBPEHUN-MEJIMOPAHTOB HA
OCHOBE INPUPOIHBIX AJIOMOCHJIMKATOB YU BUOJIOTHYECKHN AKTHBHbBIX
BEIIECTB HA POCT PACTEHUU KYKYPY3HbI.
YACTb 1

1HayuHo-uccaedosamenscKkull yeHmp 3K0102uu U okpyscaroujetl cpedbl
llenmpanavHoii A3uu (Aamameolt), 050060, Aamamel, anb-@apabu 75 B, Kazaxcmad,

*e-mail: arail3_95@list.ru
2Kaszaxckuli HayuoHaabHbLll yHUBepcumem umeHu anb-Papabu,
050040, Aamamel, anb-Papabu 71, KazaxcmaH
3Kaszaxckull HaQy4HO-ucc1edosamebCKUll UHCMUMym no4eosedeHus U a2poxumuu

umenu YY. Yenanosa, 050060, Aamamsl, ans-@apabu, 75 B, KazaxcmaH
B naHHO# paboTe UccieayeTcs BAUsHUE BCIIyYEHHOTO BEPMUKYJIUTA, TYMUHOBBIX BEILlECTB
U OpraHOMUHEpPAJbHBIX MEJUOPAHT-YA00PEHUHN, TMOJyYeHHbIX MyTeEM HMMOOWIH3AUU
TYMUHOBBIX BelleCTB Ha BCIOYYEHHBbIM BEpPMHUKYJUT, Ha POCT paCTEHUH KYKypy3bl.
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MMMo6UIM3aL M TYMHUHOBBIX BeleCTB Ha NPUPOJAHBbIE AJIOMOCHIMKAThI, KaK BCIy4YeHHbIN
BEPMHUKYJIUT, MO3BOJIIeT  JOCTHUYb  CUHepreTudyeckoro 3ddexrTa, 00beAUHSIOIIETO
MeJINOpUPYIOIHe CBOMCTBA BCIYYEHHOI'0 BEPMHUKYJIMTA, KOTOPBIM y/ay4IlaeT CTPYKTYpPY MOYBEI
Y BOJIOY/JEeP>KUBAIOIIYI0 CIHOCOOGHOCTb, C YJ0OpALIMMHA CBOWCTBAMM TyMHUHOBBIX BeILECTB,
CTUMYJIMPYIOLUX POCT PacCTEHUX M MOBBILIAKUIMX UX YCTOMYHUBOCTb K cTpeccaM. Kpome Toro,
IpUMeHeHHe [JAaHHOIO0 OpPraHOMHMHEpPAJbHOT0 MeJHOpPAHT-YA00peHUsT MPOJOHTUPOBAaHHOIO
JIeACTBUA CHOCOOCTBYET MOJAJEPKaHUIO IJIOJOpPOAUs TMOYBbl Ha JAJIMTENbHBIH CPOK 3a CYeT
MOCTENEHHOT0 BBbICBOOOX/IEHUs] TNHTATeJbHbIX BellecTB M YJy4lleHUs arpoXMMHUYecKHX
XapaKTepPUCTHUK MOYBBL. B 1abopaTopHBIX 3KCMIepUMeHTax pacCMaTPUBAIOTCA NOKa3aTe Iy ob1el
61oMacchl, MacChl KOPHEH M Ha/i3€eMHOM YacTH, KOJIMYECTBA U MacCChl 3eJIEHbIX JIUCTHEB, a TAKKe
MopdoMeTpUYeCKHe TapaMeTphbl, TaKhe KaK BBICOTA pAaCTeHWH U TOJII[MHA CTeOJIen.
[lonydyeHHble pe3yJbTAThl JEMOHCTPUPYIOT 3HAYMTEJIbHOE YJy4YLIEHWEe pPOCTa PAcTEHUH NpH
HCI0/Ib30BaHUM Pa3pabOTaHHbIX MeJNOPAHT-YJ00peHNH B yCI0BUSAX AePULMTA BJATK U CUJIBHO
WCTOIIEHHBIX NOYB. [l0 pe3ysbTaTaM 3KcllepyMMeHTa 0611as 6MoMacca ¢ KOpHSIMHM yBeJU4Hu/Iach
Ha 57,3% npu UCNO/Jb30BaHUMU BCIy4eHHOTO BepMUKyJauTa UM Ha 80,7% mnpu poGaBiieHUU
I'YMUHOBBIX BellecTB. [I[puMeHeHrne MennopaHT-yAo6peHus: «['ymuBep» (mouBa:'ymuBep / 9:1)
yBeJqn4yuso 6Guomaccy Ha 127,6% 10O CpaBHEHHI0O C KOHTPOJIEM, 4YTO IOJTBEpPXKAAEeT
CUHepreTU4ecKu 3dpPeKT Mexy KOMIOHEHTAMH MeJHOPAHT-y400peHus. YBeanyeHne Macchl
Ha/I3eMHOM 4YacTH U MacChl KOPHEH NPH HCIO0Jb30BAHUM MeJHOpPaHT-yao6peHus «[ymuBep»
coctaBuJio 135,8 1 107,3% cooTBEeTCTBEHHO.

Kawuegvle cnoea: MennopaHT, 6OHOyAOOpeHHe, IOYBa, BCNyYeHHbIH BEepPMHUKYJIUT,
TYMHUHOBBIE BellleCcTBa, 6M0J10rMYeCcKH aKTUBHbBIE BelllecTBa.
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