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One of the urgent problems of the agricultural industry in Kazakhstan is the low yield of oilseeds, depending on various
factors. The primary factor is the vulnerability of sunflower seeds to different phytopathogens and pests. Diseases develop
during almost the entire growing season, starting from the moment of seed germination. In order to avoid mass infection,
a large number of fungicides are used, which requires additional financial costs and, on the other hand, worsens the
ecological state of the environment, also contradicts the principles of organic farming. In this regard, much attention of
researchers is attracted by the development of new technologies for pre-sowing treatment of agricultural seeds, which
provide: improving the sowing qualities of seeds, stimulating the physiological and biochemical processes of growth also
development of seedlings, reducing the consumption of seed material and increasing the resistance of seedlings to
pathogenic microorganisms. Encapsulation or drageeing of seeds solves the problem of their morbidity and death under
adverse soil-climatic also extreme conditions of cultivation. Of particular relevance are the tasks of insecticidal and
fungicidal activity of encapsulation, the solution of which would increase crop yields by including in its composition the
substances necessary for active plant growth (growth regulators, microelements, drugs against fungal diseases). The high
cost of the constituent components of polymer shells is noted and, accordingly, the actual problem is to find methods to
reduce their cost.

This work is devoted to the selection of the optimal encapsulating composition from gelatin (G) and polyvinyl alcohol
(PVA), in a combination of fungicides “Maxim” and “Kruizer” to obtain an encapsulating composition of sunflower
seeds.

Keywords: encapsulating composition of fungicidal action, gelatin, polyvinyl alcohol, seeds, germination, biometric and

agrotechnical indicators.

1. INTRODUCTION

Sunflower (Helianthus annuus L.) is one of the
important agricultural products among vegetable
oilseeds, which performs good in various climatic and
soil conditions. In addition, low cholesterol and a high
content of unsaturated fatty acids in sunflowers contri-
bute to the widespread usage of the oil of this crop not
only in the food industry, but also for medical purposes
[1-2]. Therefore, one of the leading places in the
economy of Kazakhstan is the production of sunflower
and products of its processing.

Kazakhstan, like other CIS countries, is characterized
by an unfavorable phytosanitary state of crop production,
the widespread distribution of pests, pathogens and
weeds on agricultural lands [3]. One of the main reasons
for the shortage of sunflower yields is the activity of
various pests due to the weediness of fields, violations of
the tillage system and unfavorable phytosanitary
conditions [4]. Sunflower seeds infected with pathogens
and damaged by soil pests lose their germination capacity
up to 60-70% [5-6]. Ithas been established that the
decreasing in seed oil yield in the conditions of the East
Kazakhstan region due to susceptibility to various phyto-
pathogens and pests is 15-20% [7-8]. At the same time,

the decrease in sunflower yield is directly proportional to
the field germination of sunflower seeds.

One of the most promising and innovative
technologies for protecting seeds from diseases with
minimal environmental impact is the creation of a
protective and stimulating polymer shell that provides
protection and development at early stages of
development [9-14]. The advantage of this method is that
the polymer can be used to apply fungicides, growth
regulators and other physiologically active compounds
without much harm to the environment and human
health. Science-based pre-sowing seed treatment
increases the field germination of sunflower seeds,
reduces the susceptibility of plants to pests and diseases
[9-10], allows you to increase the number of seedlings
[15-16], increases seed viability at low temperatures
[13], soil permeability and aeration [11 ], has a positive
effect on plant productivity [17].Currently relevant for
usage in agricultural chemistry is the material that
combines such properties as non-toxicity, complete
biodegradability, fungicidal activity and environmental
friendliness. Therefore, intensive research is being
carried out to obtain optimal encapsulating composites
that are effective at minimally low consumption rates,
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while at the same time being biodegradable in natural
conditions to ensure toxicological and environmental
safety. These factors necessitate the production of com-
posites based on raw materials, which can be polymers of
natural origin. Such types of polymers as cellulose
derivatives, starch, gelatin, alginate, chitosan, agar, etc.
have found wide application [12]. The matrix of natural
biopolymers does not always meet the requirements for
obtaining a protective and stimulating shell for seed
encapsulation [12, 18]. Sunflower sprouts were encap-
sulated in an alginite medium with sucrose and salicylic
acid [13]. The influence of storage time and temperature
on the viability of sunflower sprouts has been studied.
The wheat, cabbage, basil, and radish seeds pretreated in
calcium chloride solution were successfully encapsulated
with sodium alginate [19]. This procedure showed that
this matrix is optimal for encapsulating various nutrients.
The use of a 1% solution of carboxymethyl cellulose
(CMC) with a 4-10% solution of cytisine and 3-10% N-
oxyquinoline found that the energy of seed germination
increases by 13 and 6%, respectively [20]. Cytisine in
combination with CMC increased field germination by
9%, yield — by 4 c/ha, N-hydroxy-quinoline with CMC
slightly reduced these indicators. In another study, CMC
in combination with gellan found an increase in field
germination and planting density of sugar beets before
closing, compared with control samples [16].

Biodegradable synthetic polymers include polyvinyl
alcohol (PVA), due to the presence of numerous
hydroxyl groups, which easily form a hydrogen bond. In
addition, PVA belongs to the category of materials that
are recyclable, biocompatible, non-toxic and cheap. PVA
is also characterized by chemical resistance and good
mechanical properties. These properties make PVA
widely used for the preparation of composites with bio-
polymers, in particular with polysaccharides [9, 21-25].
Among the polysaccharides, gelatin is a valuable
polymer for obtaining a biodegradable film due to its
unique properties, incl. easy availability, biocompati-
bility, biodegradability, good film-forming ability, stabi-
lity and flexibility [26-31]. Due to the poor solubility
(thermodynamically) of gelatin, it is difficult to obtain an
optimal encapsulation formulation. A good combination
of gelatin with PVA has been established to obtain a
homogeneous composition [32].

This work is devoted to the study of the encapsulating
properties of gelatin and PVA in combination with fun-
gicides and the study of their effect on the germination,
growth and development of sunflower seeds.

2. MATERIALS AND METHODS

2.1 Materials

In order to prepare the encapsulation formulation,
PVA molecular weight 89,000-98,000 having a degree
of hydrolysis in the range of 99+% and gelatin from cold
water fish skin with a molecular weight of ~60 kDa,
solubility in water 40-50% was used (Sigma-Aldrich).
All reagents were used without additional purification.

For encapsulation of seeds, hybrid sunflower seeds
“Kazakhstan 2011 F1465” were chosen. Two fungicides
widely used in the cultivation of sunflower in the East
Kazakhstan region were chosen as protectants. The first
of them is the fungicidal disinfectant Maxim KS (LLC,
Syngenta) with the active ingredient 25 g/l fludioxonil
with fungicidal and insecticidal properties (chemical
class — phenylpyrroles). The second is a systemic insec-
ticidal seed disinfectant for cereals, sunflower, rapeseed
and potato tubers “Cruiser KS” (LLP, “Syngenta”) with
the active ingredient 350 g/L thiamethoxam (chemical
class neonicotinoids).

2.2 Method for obtaining an encapsulating

composition

In order to obtain an optimal encapsulating
composition, PVA with a concentration of 5% and
Gelatin 0.5% concentrations were prepared in five ratios:
[PVA]:[Gelatin] = 20:80, 40:60, 50:50, 60:40 and 80:20
% (vol.), respectively. Fungicides “Maxim” and
“Kruizer” were taken in three concentrations of 1%, 5%
and 5%. Further, depending on the volume fraction of
gelatin, the ratios of polymers were designated as G20,
G40, G50, G60 and G80, indicating the concentration of
fungicides 1M, 5M and 10M (Maxim) and 1K, 5K and
10K (Cruiser) (table 1).

Table 1. Compositions of Gelatin/PVA blends

Code sample Gelatin, PVA, | Maxim (M),  Kruizer (K),
vol.% vol.% wt.% wt.%
G20/1M(5M;10M) 20 80 1(5;10) 0
G40/1M(5M;10M) 40 60 1(5;10) 0
G50/1M(5M;10M) 50 50 1(5;10) 0
G60/1M(5M;10M) 60 40 1(5;10) 0
G80/1M(5M;10M) 80 20 1(5;10) 0
G20/1K(5K;10K) 20 80 0 1(5;10)
G40/1K(5K;10K) 40 60 0 1(5;10)
G50/1K(5K;10K) 50 50 0 1(5;10)
G60/1K(5K;10K) 60 40 0 1(5;10)
G80/1K(5K;10K) 80 20 0 1(5;10)

The preparation of encapsulating films was carried
out according to the procedure [9].

2.3 Physical and chemical methods for studying

the encapsulating composition

The viscosity of polymers was measured on Ubbe-
lohde viscometer at 25+0.1 °C.

IR-Fourier analysis was carried out on an FT-801
spectrometer (Russia) at a resolution of 1 cm™ and a
wavelength of 450-4700 cm™! according to the standard
method using a universal holder for solid samples of
various thicknesses and films at a temperature of 25 °C.

2.4 Mycological characteristics

Mycological characteristics were determined on a
monocular microscope “Micros” OVE-MG 8751/1
(Austria).
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2.5 Laboratory and field tests of the encapsula-

ting composition

The germination of encapsulated sunflower seeds
under laboratory conditions was determined according to
state standard (STST 12038-84) [33].

Small plot experiments were carried out on the basis
of the East Kazakhstan Research Institute of Agriculture
(Republic Kazakhstan) according to the methodology
described in Kabdrakhmanova et al. (2018) [9-10].
Sunflower seeds were treated with encapsulating com-
pounds G50/1K (5K, 10K) and G50/1M (5M, 10M) with
polymer solutions of optimal concentrations in
combination with fungicides of different concentrations
(table 1). After treatment, the seeds were dried and sown
in triplicate, 5 seeds in each cell. The harvesting of the
experiments was carried out in 2 stages, cutting the he-
ads, pricking them on their own shortened stem, in the
phase of biological or economic seed ripeness. The eco-
nomic ripeness of sunflower was determined by the
ripeness of the heads — when about 10% of plants with
yellow heads remained in the array and the rest with
yellow-brown, brown and dry.

Phenological observation of the development of
sunflower in the field was carried out taking into account
the following characteristics: seedlings — when cotyledon
leaves appear on the soil surface; the beginning of
flowering (10%) — when at least one straightened and
colored reed flower is visible; full bloom (75%);
beginning of maturation (10%); full ripening (75%) — at
the time of yellow ripeness on the back of the basket. The
beginning of the phase was taken as the day when at least
10-15% of the plants have entered this phase and the full
onset of the phase was taken when it has spread to at least
75% of the plants. For this purpose, in 2 repetitions, all
plants were counted without a choice and for these plants,
how many of them have entered this phase were taken
into account.

The nature, humidity and oil content of sunflower
seeds grown in the field were determined on the oil
content and moisture analyzer VMTL-12 (Russia) at a
temperature of +25 °C. The measurement range was
within:  humidity: 6-12%+1.0%; oil content: 40—
60%+2.5%; nature: 300-500 g/I.

Determination of the weight of 1000 seeds was
carried out as follows: from the fraction of pure seeds
after their analysis for purity, two samples of 500 seeds
were counted. In this case, the seeds were taken in a row
without a choice. The selected seed samples were
weighed with an accuracy of 0.1 g. If the discrepancy bet-
ween the average weights of 1000 seeds did not exceed
3%, then the weight of 1000 seeds was calculated as the
arithmetic mean of these two samples with an accuracy
of 0.1 g. If the discrepancies between the weights of two
samples more than 3%, then the 3™ sample was counted
and weighed, after the weight of 1000 seeds was
determined by those two samples that have the smallest
discrepancy.

In order to determine the harvest, the harvested crop
from the plot was weighed and at the same time samples
were taken to determine the moisture content of the seeds
and an average sample for laboratory analyzes (mass of
1000 seeds, nature, moisture and oil content) and
determine the percentage of purity. The yield was
determined by the formula:

net seed weight x number of plantsx S coefficient
number of baskets removed '

Harvest =

To conduct a biometric measurement of sunflower,
two weeks before ripening in the field, measurements
were taken on five consecutive plants (the height of a
straightened plant from the soil surface to the point of
attachment of the basket to the stem; the height from the
soil surface to the central basket in the natural standing
of the plant and the diameter of the main basket).
Calculate the average.

3. RESULTS AND DISCUSSION

3.1 Establishing the optimal concentration of

encapsulating agents

Preliminary studies on the viscosity of PVA showed
that the average value of the flow time is
At=1015.77 sec., and the maximum increase in viscosity
with the formation of a viscous gel occurs already at 4—
5% PVA solution [9]. In gelatin, the increase in viscosity
with the formation of a viscous gel was carried out at a
concentration of 0.5-0.75 (figure 1).
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Figurel. Viscosity of gelatin at various concentrations

An increasing in the concentration of gelatin leads to
higher value in viscosity, therefore, the possibility of ob-
taining encapsulating films by the casting method decrea-
ses. Therefore, to obtain encapsulating films, a gelatin
solution with a concentration of 0.5% and a 5% PVA
solution in various volume ratios were used (table 1).

3.2FTIR Characterization of encapsulating

composition

As can be seen from figures 2, 3, 4, the original
gelatin has an absorption band at a frequency of
3373 cm™!, characteristic of vibrations of the -NH group
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(amide A) and 3271 cm™!, indicating the presence of CH
groups of the aromatic ring. Peaks in the region 2920—
2850 cm™! are associated with S-H stretching. The ab-
sorption frequency at 1650 cm™ is inherent in the stretch-
ing vibrations of the C=0 and CN groups (Amide I). The
absorption bands in the region of 1540 cm™ and
1238 cm! correspond to the N-H, CN (amide II) and CN,
N-H (amide [1Il) vibrations, respectively [28, 34].
1442 cm™! characterizes the absorption bands of NH; in
the NH group.

The incorporation of fungicides “Maxim” and
“Kruizer” into the volume of the encapsulating composi-
tion in various concentrations did not affect the chemical
structure of Gelatin:PVA, which is clearly visible from
the IR spectra (figures 3-4).
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The incorporation of PVA into the gelatin composi-
tion leads to the appearance of absorption bands at
3486 cm™!, which indicates the presence of the PVA
hydroxyl group and a secondary amide (figure 2).
The absorption band that appeared at 2942 cm™! is more
indicative of the presence of a hydrocarbon chromophore
in the esterified Gelatin:PVA product [30]. The
esterification of carboxyl groups of gelatin is indicated
by the shift of the absorption bands characteristic of C=0
stretching to a higher frequency region up to 1674 cm™.
The weak band appearing at 2127 cm™! is associated with
the combined absorption frequency of CH-C=C. The ab-
sorption spectra at 852-1093 cm™ are due to the C—O—C
stretching vibration, which indicates the formation of
ether bonds between gelatin and PVA.

Figure 2. FTIR of Gelatin and Gelatin-co-PVA G20, G40, G50, G60, G80
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Figure 3. FTIR of Gelatin; Maxim and Gelatin-co-PVA/Maxim G50/1M; G50/5M; G50/10M
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Figure4. FTIR of Gelatin; Kruizer and Gelatin-co-PVA/Kruizer G50/1K; G50/5K; G50/10K
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3.3 Study of the encapsulating composition effect

on seed germination, growth and development of

plants in laboratory and field conditions

The germination of sunflower seeds encapsulated
[PVA]:[Gelatine] = 50:50 in combination with fungicides
“Maxim” and “Kruizer” were tested in laboratory and field
conditions (table 2, figures 5-6). It was found that
increasing the concentration of both fungicides promotes
the growth of germination with high germination, reducing
the number of germinated, but diseased seeds. As can be
seen from figures 5—6, the application of the encapsulating
composition greatly affects the germination of sunflower
seeds in laboratory conditions, increasing the proportion of
seeds with high germination by 1.5 times with both
fungicides at a concentration of 10% (table 2). Germina-
tion remained at high and medium levels when used
encapsulating formulations G50/1K, G50/5K, G50/5M
and G50/10K (figures 5-6). At the same time, the usage of
G50/1K and G50/10K gave a good germination in the field
(table 2). There is a complete absence of germinated, but
diseased sunflower seeds in favor of non-germinated seeds
(36.6% — in laboratory conditions) and 32.6 — in field con-
ditions when used the G50/10K encapsulating compo-
sition. Given this fact, it can be concluded that 5% and
10% solutions of fungicides are acceptable for the des-
truction of fungal diseases both in laboratory and in the
field. Of the two types of fungicides, the systemic insec-
ticidal seed treater “Kruizer” turned out to be optimal for
the usage of sunflower in combination with an encapsu-
lating composition.

3.4 Phytosanitary characteristic

Among the most common and harmful sunflower disea-
ses transmitted by seeds are downy mildew, white, gray, dry
and ashy rot, Fusarium, Alternaria, Phomopsis, Verticillium
and some others [35]. It was found that the highest occu-
rrence on control sunflower seeds when grown under labo-

a) G50 b) G50/1K

ratory conditions was noted in pathogens of Alfernaria
(Alternaria) (figure 7a). The gray mold pathogen Botrytis
cinerea, which is the most common and harmful disease,
was found (figure 7b). In addition to phytopathogenic fungi,
sunflower seeds were attacked by saprotrophic molds, inclu-
ding Mucor (figure 7c). Perhaps this is due to the fact that
mucosal fungi are easily isolated and develop well in pure
culture on agar media and a favorable condition for their
development is a humid environment, which occurs with the
roll method for determining germination. This assumption
is also confirmed by the fact that mucor fungi were not
found in the field, where moisture enters in a moderate amo-
unt. In general, the infestation of control seeds by all patho-
gens in laboratory conditions is 15.65% (table 2).

Table 2. The average indicator of laboratory and field germi-
nation of sunflower seeds when using an encapsulating
composition, %

Code | High germination Not sprouted Sprouted, but sick
sample | ap field lab field lab field
Control |46.2+10 | 48.2+10 | 38.15+10 | 32.9+10 | 15.65+10 | 18.89+10
G50/1M | 58948 | 51+8 | 20548 | 20.3#8 | 20548 | 28.7+8
G501MK | 68.2+9 | 65.7+9 | 28449 | 34.3+9 | 2249 0
G50/5M | 70.8+7 | 51+7 | 1447 | 1747 | 14847 3247
G50/5K | 65.4+8 | 49+9 | 22248 | 32749 | 12448 | 18349
G50/10M | 69.248 | 59.7+7 | 17948 | 1747 | 12848 | 23.3%7
G50110K | 73449 | 67.449 | 36.6+9 | 32.6+9 0 0

Conducting a mycological analysis of sunflower grown
in the field also established the presence of pathogens of the
species: Alternaria (Alternaria), and Sepedonium chryso-
speimum in the cells of Botrytis cinerea in the amount of
18.89% (table 2). Damage to sunflower seeds after encapsu-
lation with composites with the addition of fungicides is
significantly reduced (table 2). In some cases, there were a
complete absence of affected seeds.

¢) G50/5K d) G50/10K

Figure 5. Germination of sunflower seeds in laboratory conditions

a) control sample

b) G50/1M

¢) G50/MK

d) G50/10M

Figure 6. Germination of sunflower seeds in laboratory conditions
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b) Botrytis cinerea

¢) Mucor

Figure 7. Types of pathogens found in sunflower seeds

a) sowing sunflower seeds

b) sunflower seedlings and the
appearance of cotyledon leaves

c) the period of full flowering
of sunflowers

d) the period of full
maturation of sunflowers

Figure 8. The results of phenological observations of the development of sunflower in the field

In general, the problem of the phytosanitary state of
sunflower seeds is relevant, due to the multifactorial in-
fluence of the following indicators — genetic resistance to
diseases and primary infection of seed material, storage
conditions, weather, climate factors and harmful patho-
gens.

3.5 Phenological observation of sunflower deve-

lopment

The data of the phenological study of field expe-
riments established that the growing season of the control
samples lasts 55 days, until ripening — 98 days. It takes
from 58 to 61 days for flowering, maturation was
extended from 92 to 103 days for sunflower seeds
encapsulated with polymer composites (figure 8).

3.6 Biometrics index of sunflower

Biometrics index of sunflower are shown in table 3.
Seed encapsulation has been observed to affect bio-
metrics, in particular the height, head diameter and tilt of
the sunflower plant. If the plant height of the control trial
is 189 cm, then the maximum height when using the
encapsulating composition 0.5GL:5PVA/IM is 217 cm.
composition 0.5GL: 5PVA / 1M, 1K, 10K (table 3).

3.7 Technological qualities of sunflower

It is known, that, when solving many issues of post-
harvest processing, such indicators as high oil content,
low mechanical strength of the shell, density, nature,
windage, speed of soaring and increased graininess of
sunflower seeds are very important. From these indica-
tors, it was determined the oil content, moisture content,
nature and weight of 1000 seeds (table 4). When using
the encapsulating composition, there is a barely notice-
able increase in the oil content of sunflower (up to 49.04)

by 1.61% compared with the control experiment
(47.43%) (table 4). Polymer composites also contributed
to an increase in sunflower weight up to 385-405 g/dm?.
High quality compared to the control sample was found
in virtually all samples of encapsulated seeds.

Equilibrium moisture content of sunflower seeds, it
means the humidity at which the seeds do not give or
absorb moisture depends on temperature, relative
humidity of atmospheric air and oil content. The organic
and weed impurities contained in the mass of sunflower
seeds are highly hygroscopic and this contributes to a
decrease in the productivity, quality of the equipment, as
well as the safety of raw materials. The equilibrium mois-
ture content of encapsulated sunflower seeds correspon-
ded to the standard and ranged from 7.7-8.0% (table 4).
The weight of 1000 sunflower seeds in the experiments
was in the range from 74.08 to 79.9 g. The most full
weight were encapsulated G50/1M seeds, more than
79 9.

Table 3. Biometrics index of sunflower

Name of Height of plant, Tilt of the Head diameter,
sunflower plant,
samples cm cm
cm
Control 189+2,5 17445,6 1843,7
G50/11M 217456 199+6,7 21+3,2
G50/11K 18944,9 17544,9 21+4,1
G50/5M 18715,8 172451 19435
G50/5K 19015,6 170£3,9 20+2,9
G50/10M 200+4,8 18244,9 1942 4
G50/10K 20554 19243,8 21+2,5
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Table 4. Physical, mechanical and technological properties
of sunflower seed mass grown from encapsulated seeds

Sample | Oil content, | Humidity’, | Mass of 1000 Nature,
name % % seeds”, g gldm3

Control | 4743 | 78(0,18) | 7942(35) | 380%2,6
G50MM | 4904 | 7,8(016) | 7939(235) | 390+19
G50/5M | 47,76 78(21) | 7408(225) | 390417
G50MOM | 4776 | 78(186) @ 7408(256) | 39024
G50MK | 4776 | 7,7(197) | 7583(231) | 405+18
G50/5K 484 8(193) | 7537(228) @ 385+26
G50M0K | 479 77(234) | 77,08(232) | 390%25

* difference between parallel determinations
" allowable difference between the weighing results of two samples

The effect of the encapsulating composition on the
growth, development and yield of sunflower under field
conditions are shown in table 5. The table shows values
from 3 replicates for 65 plants. According to the data ob-
tained, the yield of encapsulated seeds is 10.53 c/ha, with
a control experiment of 9.97 c/ha. From the obtained re-
sults it follows that the proposed method of encapsulating
sunflower seeds significantly improves growth and deve-
lopment, which leads to an increase in sunflower yield.

Table 5. The influence of the encapsulating composition on the
growth, development and yield of sunflower in the field

Experiment options Height of plant, | Sunflower yield
cm c/ha
Control experience 189+2,5 9.97+1,5
Polymer encapsulated seeds 198+5,35 10.53+1,8
with adding fungicides

It follows from the results of the experiments that the
increasing in yield is primarily due to an increase in plant
density, due to an earlier, more favorable regime for
seedling germination. The obtained data once again con-
firms, that the resulting polymer film-forming compo-
sites do not only have a protective effect on seeds during
their growth period, but also improve the technological
performance of sunflower.

CONCLUSIONS

The optimal concentrations and ratios of
gelatin:polyvinyl alcohol, as well as their combinations
with fungicides, were determined. The viscosity of a
gelatin solution of different concentrations was studied,
and the chemical structure of the encapsulating compo-
sition gelatin:PVA and gelatin:PVVA/fungicide was estab-
lished by the IR spectroscopic method. Seed germination,
growth and development of sunflower in laboratory and
field conditions were determined. A phytosanitary study
of encapsulated seeds was carried out. Obtained pheno-
logical, biometric and technological indicators of
sunflower in the field.

It was found that in gelatin, the increasing in viscosity
with the formation of a viscous gel was carried out at 0.5—
0.75%, respectively, the optimal concentration of gelatin
for the formation of a film with PVVA was determined to
be 0.5% solution. The formation of ester bonds between

the molecules of gelatin and PVA was established by the
IR spectroscopic method. The influence of the compo-
sition [Gelatine]:[PVA]=50:50 in combination with
fungicides “Maxim” and “Kruizer” on the germination
and formation of sunflower were studied.

An optimal composition has been developed based on
gelatin and PVA in combination with the Maxim and
Kruizer disinfectants for encapsulating sunflower seeds,
which positively affects the germination of seeds, the
formation and development of seedlings.

It has been established that the interaction between
gelatin and PVA is due to the formation of ester bonds.
The introduction of fungicides of the fludioxonil and
neonicotinoid classes into the composition of gelatin and
PVA do not affect the chemical structure of the
composites. It was revealed that the usage of fungicides
“Kruizer” and “Maxim”, with a concentration of 10%,
increases the germination of sunflower seeds by 1.6 and
1.5 times in laboratory conditions and 1.4 and 1.2 times
in the field, respectively. This, in turn, reduces the
amount of protectants by 10 times and improves the
harmful effects of chemical plant protection products on
the environment. Carrying out a phytosanitary analysis of
sunflower grown in laboratory and field conditions,
established the presence of pathogens of the species:
Alternaria (Alternaria), Sepedonium chrysospeimum in
the cells of Botrytis cinerea and Mucor. The usage of
G50/1K and G50/10K has been shown to be effective
against fungal pathogens. G50/10K turned out to be the
optimal composite that positively affects the germination
of sunflower seeds, both in the laboratory and in the field.
It is also observed that presowing treatment of seeds
affects biometric parameters, in particular, plant height,
head diameter and tilt of sunflower plants. It has been
established that the yield of encapsulated seeds is
10.53 c/ha, with a control experiment of 9.97 c/ha.
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Kasakcran aypl1 mapyamsUIbIFbl CallachIHIAFBl ©3€KTi MOCENeHIH Oipi — Maiilbl JaKpUIIApIbIH OpTYpi (akToprapra
0aliIaHBICTHI TOMEH OHIM Oepyi 00J1bIT TadbL1aAbl. OHBIH HETi3ri ce0ebl Mailyibl JaKbUTIAPIBIH OPTYPIIi (UTOIATOTECHACD
MEH 3USHKECTepre TO3IMIUITIHIH TOMEHAIri ekeHAiri Oeirimi. Aypy — TYKbIMHBIH OHY COTiHeH Oacram, OyKia
BEreTalsUIBIK Ke3CH I KAMTHIbI. AYPYABIH TapalyblH TOKTaTy MaKCaThIH/IA KOCBIMIIA KaPXKBUIBIK IIBIFBIHIAPABI KAXKET
€TeTiH, KOpIIaFaH OPTaHbIH YKOJIOTUSICHIHA Kepi ocep OepeTiH, COHBIMEH KaTap OpraHUKAaJIbIK CTIHIIUIIK IPHUHIUIITEPiHEe
Kallbl KeJeTiH (QyHruuuarep Kosmanbutaabl. OChlFaH OalIaHBICTBI 3€PTTEYLIIIEPAIH HETI3ri Ha3apblH TYKBIMHBIH
camachlH apTTHIPY, OCKIHAEPAIH Ocil-IaMybIHbIH (H3HOJOTHSIBIK OHE OMOXUMHUSUIBIK YPHIICIH BIHTANAHABIPY,
TYKBIM/IBIK MAaTepPHAJIBIH IIBIFBIHBIH 32Ty KoHE OJIapbIH IMATOT€HIIK MHKPOOPTaHU3MAEPTe TO3IMAITITIH apTThIPY bl
KaMTaMachl3 €TeTiH aybUl IapyanibUIBIFbl TYKBIMIAPBIH ce0y aJIbIHAAFEl OHICY TEXHOIOTHSICHIH JaMBITYFa A€H KOHBII
oTelp. TYKBIMABI Kamcynanay HeMece ApaKHpJiey KOJaWChI3 TONBIPAK-KIMMATTHIK JKOHE 6CipyadiH SKCTpeMalJIbl
JKaFTalTapelHAAFsl OJNIApIBIH aypyFa Te3IMIUIri MoceneciH mremeni. TyYKbIMIBI Kamncyiajnayda MHCEKTHIUATIK KOHE
GYHTHOUATIK OCTCeHIUITIH apTTHIPY, OCIMIIKTEpAiH KApKBIHIBI ©CYiHEe KaXKeTTi 3arTapisl (ecy perrerimrepi,
MHUKPOIJIEMEHTTEpP, CaHbIpayKyJlaKk aypyjapblHa Kapchl Mpenaparrap) KOCY apKbUIbl JaKbULAAPIbIH OHIMJALIIrIH
JKOFaphLIaTy MOCeJIECiH 1elyre kemekreceni. Karcynanayaa KoyiiaHbu1aThIH ITOJIMMEp KabaThIHA KQXKETTi MaTepHaiiap
KYHBI JKOFapbl OOJFaHABIKTaH, OHBI TOMEH/IETY O/IiCiH peTTey 03eKTi Macese OObIN TabblUIaabl.

3epTTey KYMbICHIH/IA KYHOAFBIC TYKBIMBIH KallCyJiajay yIIiH sxesiaTiH MeH nosnuBuHmI cnupTil ([IBC) «Makcum» xoHe
«Kpyiizep» GyHrumaTepi KaThIChIH/A 3€PTTEI, THIM/I KypaM aly MYMKIHIIUIIr aHBIKTaJIIbI.

Tyiiin co30ep: pyneuyuomix acepi 6ap Kancyianayuibl KYpam, JHeeramun, NOIUSUHUL CRUPMI, MYKbIM, OHY, OuomMempusi-
JIBIK )CIHE a2POMEXHUKANbIK KopcemKiumep.
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O,HHOﬁ N3 aKTyaJIbHbIX np06neM arpapHOﬁ MMPOMBIIIIICHHOCTH KazaxcraHa sBIIsIeTCS HHA3Kas ypO)KaﬁHOCTL MAaCJIMYHBIX
KYJBbTYP B 3aBUCUMOCTHU OT pa3JIMIHBIX (baKTOpOB. OcHoBHas MNpUYrHa — 3TO NOABEPIKCHHOCTb CEMSAH MACIIMYHBIX KYJIb-
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TYp K pa3JIMYHBIM (PUTOIIATOreHAM M BpeAUTEISIM. boJie3H pa3BUBAIOTCS IPAKTHYECKH B TEUCHHE BCETO BEI€TALHOHHOTO
neprosia, HauyMHas ¢ MOMEHTA ITPopacTaHus ceMsiH. Bo n3bexaHne MaccoBOT0O 3apayKeHUsI UCIIOIb3YeTCsl OONBIIOE KOIH-
YeCTBO (DYHTHIMIOB, YTO TPEOYET AOMOIHUTENIBHBIX (PMHAHCOBBIX PACXOJIOB U, C IPYyTrOl CTOPOHBI, YXY/IIIAET SKOJIOTH-
YEeCKOE COCTOSHUE OKPY’KaroIllled Cpeibl, a TakkKe MPOTHBOPEUUT MPHUHIMIIAM OPTaHMYECKOro 3emiiesenus. B cBs3u ¢
9THUM, 0c000€ BHUMaHHE HCCIIeI0BaTelel IpUBIIeKaeT pa3paboTka HOBBIX TEXHOJIOTHI IPENOCEBHOM 00pabOTKH CeMsH
CEJILCKOT'0 X034HCTBa, 00ECIIeYNBAIOIINX: TIOBBIIICHHE ITOCEBHBIX KaYeCTB CEMSIH, CTUMYJINPOBaHUE (hU3N0I0r0-OnOXH-
MHUYECKHX IIPOLECCOB POCTA U PA3BHUTHS MPOPOCTKOB, CHIYKEHUE Pacxo/ia MOCEBHOTO MaTepuajla U MOBBIIIEHUE YCTOM-
YHBOCTH IIPOPOCTKOB K IIATOT€HHBIM MUKpOOpranm3Mam. KarcynupoBanue wim ApaxupoBaHUe CEMsH pelIaeT pooieMy
uX 3a00JI€BaEMOCTH M THOEIIH IPH HeOGJIaronpHsATHEIX HOYBCHHO-KIMMATHYECKUX U SKCTPEMAIBHBIX YCIOBHAX BO3JIEIIBI-
BaHHUs. Oco0yI0 aKTYaJIbHOCTh HMEIOT 3311241 HHCEKTUIIMAHON U (DYHTHIUIHOH aKTHBHOCTH KaICyJIUPOBAHUS, PEIICHUE
KOTOPBIX MO3BOJIHIIO OBI TIOBBICUTh YPOXKAHHOCTD KYJIBTYP ITyTeM BKJIFOUCHHUS B €I0 COCTAB BEILECTB, HEOOXOAUMBIX IS
aKTUBHOTO POCTA PACTEHUH (PEeryIsSTOpHl POCTa, MUKPOAJIEMEHTHI, IpenapaTsl IPOTHB TPUOKOBBIX OoJe3Hei). OTMeda-
€TCsl JIOPOTOBU3HA COCTABIIAIONIMX KOMIIOHEHTOB MOJMMEPHBIX 000JIOUEK, U COOTBETCTBEHHO aKTyalbHOW MpoOieMoin
SIBJISIETCSI N3BICKAHUE METO/IOB UX yJCIIEBICHUSI.

JlanHas paboTa ocBsiIeHa HoA00PY ONTHMAIBLHOTO KalCyIMPYIOIEro cOCTaBa U3 JKeJlaTHHA U MOJIMBUHHUIIOBOTO CIIMPTA
(PVA), B couerannu GpynrunnnoB «Makcum» u «Kpyizep» 11 MoJTydeHUs KarcyIUpyIOIIero cocraBa CeMsH 0ol
HCYHHKA.

Knrouesvie cnosa: xancymupyiowuii cocmag QyHeUYUOHO20 OeliCMEUsl, HCeAAMUH, NOJUSUHULOBbIL CNUPM, CeMeHd,
8CxX02MCECb, OUOMEmPUYECKUe U azPOMeXHUYecKue NOKA3ameu.
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