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Research on Botrytis cinerea-caused gray rot disease in strawberries
with Carpathian genus bees and entomovector technology

Gray rot is a widespread disease that is harming a lot of cultivated plants worldwide. It seriously impairs the
strawberry industry's profitability by causing harm to the crop both during and after harvest. The article
describes how biocontrol tests were conducted against the gray rot disease that affects strawberry plants, with
the use of entomovector technology that uses biopreparations and bees. As a consequence of the study of the
disease of gray rot of strawberries caused by the fungus Botritis cinerea with entomovector technology, the
fight against the disease is carried out. Carpathian genus pollinating bees are employed as an entomovector
agent during the investigation. They are members of a widely distributed bee order, and before this study,
there was ample evidence that they boost production through plant pollination. The pathogen Gliocladium
catenulatum, which is the basis for the medicine Prestop-Mix, as well as Trichoderma asperellum Botrytis
cinerea identified from local soil, are suppressed by the drug as a biopreparation, according to research using
entomovector technology. The article presents the results of a study of the disease of gray rot in experimental
areas of strawberry fields in the Eastern region, caused by the fungus Botritis cinerea, using entomovector
technology. By comparing the results with control options, it was determined that using Carpathian bees to
apply biofungicide is one of the most efficient ways to combat gray rot damage to strawberry plants.
Dispensers were placed in specially designed apiaries. During an investigation into the battle against Gray rot
disease in Symphony strawberries cultivated in dedicated research areas, the impact of fruit weight following
pollination as well as the effect of both pollination and the biocontrol agent on overall weight were
discovered. Both the quantity of strawberry blooms and fruit production are rising. The study's findings
demonstrated that one of the best strategies for preventing gray rot damage to strawberry plants is to employ
biofungicide in conjunction with Carpathian genus bees. However, weather conditions will directly affect
how successful control efforts are.

Keywords: gray rot, Carpathian wasp, trichodermin, entomovector technology, biopreparation, lesion,
biocompatibility agent.

Introduction

In addition to harming fruit and berry plants by decreasing their output, phytopathogenic organisms also
result in financial losses. The issue is not entirely resolved by the chemical preparations used today to
combat phytopathogens. As of right now, the Environmental Protection Organization states that the efficacy
of biological plant management has been demonstrated. Living microorganism-antagonists or their biomass
are used to make biopreparations. When used in large quantities, they can be a good substitute for chemical
preparations and guard against pesticide pollution of the environment [1].

This makes the research of efficient pest control techniques for outdoor settings and vacation homes in-
creasingly pertinent.

Entomovector technology appeared relatively recently. The term «Entomovecor technology» was intro-
duced in 2007 by Finnish scientists Hokannen and Mentzler-Hokkanen [2].

Using a vector, entomovector technique transfers a biopreparation to a biocontrol plant. For instance,
when bees come into touch with a material containing a spore of a biocontrol agent at the tip and entrance
from the hive, a biopreparation is attached to the body of the bee like pollen grains. They sufficiently
transport biopreparations to the blooms. Even in this short time, this technology has had positive outcomes.
While entomovecor technology works well, more research into the specific circumstances, local environ-
ment, and other variables is necessary.

First, there are instances of honey-collecting bees acting as carriers of a biocontrol chemical. It has been
demonstrated that the frequency with which bees fly to plants affects how well the circumstances for pre-
venting plant diseases in open soil work.
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As an excellent illustration, let’s consider the following: the infection with the fungus Botritis cinerea
in raspberries reached 68-90 %, the disease caused by Monilinia vacciniicorymbosi in blackberry plants
dropped from 21-67 % to 7-44 % when transferred to the biopreparation Bacillus subtilis, and the infection
with Sclerotinia sclerotiorum in sunflowers fully recovered after 31 days when carrying the Trichoderma
species with a vector [3]. In other words, when the quantity of the biocontrol agent, biopreparation, in flow-
ers reaches an ideal level, a favorable outcome can be obtained.

The biocontrol agent was widely dispersed to a variety of plants by the bee species Bombus impatiens,
as reported by Kapongo et al. (2008). In tomato plants and sweet peppers, for instance, bees carried 1,000—
5,000 CFU (collonia-forming units) of biopreparation by landing on blossoms, which led to a 57-59 % de-
crease in the disease Botritis cinerea [4].

The vast expansion of fungal infections and Kazakhstan's unstable environment need the research of
novel strategies in the biological battle against phytopathogens.

The Ascomycota division, the Pezizomycotina genus, the Leotiomycetidae class, the order Helotiales,
the Sclerotiniaceae family, and the genus Botrytis are all home to the fungus Botrytis cinerea [5].

About 200 plants worldwide are harmed by this virus both throughout the growth season and even dur-
ing storage following harvest, resulting in significant financial losses.

Among necrotrophic fungi, Botrytis cinerea has gained importance recently due to its strong disease-
causing potential and utility in molecular research [6].

Strawberries and blackberries belong to the most important Berry cultivated plants of the world class.
The production of strawberries in many respects depends on fungal diseases, including Gray rot, the
causative agent of which is Botrytis cinerea. Botrytis cinerea is the main plant pathogen among pathogens.
Therefore, it's critical to develop new defenses against this virus in order to research the harm it causes to
strawberry plants and lessen the extensive usage of synthetic fungicides. In addition, in order to stay
competitive in the market, organic farming practices need to find alternate ways to battle gray mold. It has
been demonstrated that the biofungicide trichodermin can have an antagonistic effect on Botrytis
infections [7].

But even when farmers use it frequently, the costs are substantial. The anthogonist mushroom mixture
must be sprayed on, which takes time and could not give total control. Applying this product diluted in an
aqueous solution to plants can only provide the intended outcome when plants are treated repeatedly, as the
biocontrol needs to land on the flowers, which are the primary site of infection. Furthermore, because the
spraying method covers the entire surface of the plants as well as nearby materials, soil, and strawberry
leaves, it is wasteful.

Currently, farmers are employing a strategy that has been tested for over 20 years: deploying visiting
vector bees as biocontrol agents in flowers. In this manner, honey bees, hairy bees, and mason bees were
used.

The distribution of biopesticide by honey collecting bees guarantees that the biocontroller reaches the
flowers at the peak of their bloom. Furthermore, bees that disperse biopesticides also serve as extra
pollinators, which increases fruit output and bulk.

Bee behavior when visiting flowers is greatly influenced by the chemical makeup of the target crop as
well as the quantity of pollen and nectar it contains. The weather also has an impact on the activity of all
bees during their search for food. When there is a plenty of food within the nest, bees will remain inside even
in inclement weather, even though they can still forage.

The weather has an impact on the disease's dissemination as well because gray mold can grow quickly
thanks to wind, rains, and even insects that feed on plants. Treatment options may become ineffective as the
disease spreads, and the only ways to save the crop are preventive ones.

Depending on the species, different insects require different amounts of pollination to produce blossoms
as beautiful as strawberries.

Similar to this, the plant communities in the area that influence how hairy bees behave when seeking
food might vary from season to season. There are notable regional variations in the nation's natural
circumstances, and information specific to some areas is required for agricultural purposes. Consequently,
(1) shows that the medication may be carried by Carpathian family bees in efficient, open-field settings, and
two years of research in this area has demonstrated a notable decrease in Botrytis infections; (2) the degree of
attraction of strawberry blossoms for hairy bees; (3) the effectiveness of the use of trichodermin
biofungicidal additive to combat botrytis, the field propagation distance and (4) the effect of additional
pollination activity on fruit size were determined.
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Experimental

Mushroom strains and the preparation of inoculations

The fungi Botrytis sypegea (Fig. 1), isolated from the strawberry fruit that was impacted, and
Trichoderma viride (Fig. 2), isolated from the local soil using dilution and identified through sequencing
using a molecular genetic approach, were employed in bio-samples and field experiments.

Figure 2. Culture and spore of the fungus Trichoderma asperellum isolated from local soil

These strains were maintained at 80 °C in 20 % glycerin and cultivated in potato dextrose Agar (PDA)
at room temperature (20-23 °C).

Gray rot pathogens can develop in a variety of fertile substrate compositions. They can process the pulp
and thrive well in sugar environments. They can grow in glycerin, cottonseed, and wine oils as well as in a
2 % solution of tannin and nicotine. They can also develop in malic, wine, and formic acids. They can also
use nicotine as a source of nitrogen and grow in peptide and asparagine oils. It can take up nitrogen from the
air if there is a tiny amount present in a fertile area. According to research done by A.l. Oparin and
O.1. Kuplenskaya on the carbon-feeding mycelium of botrytis, the dry weight of the growing mycelium in
glucose is 0.08 g, in lactose it is 0.06 g, and in manite it is 0.04 g [8]. According to certain theories, the
elements potassium, phosphorus, nitrogen, sulfur, magnesium, manganese, etc. are required for the correct
growth of botrytis.

Research findings indicate that Gliocladium catenulatum (Clonostachys rosea f), the source of the
medication Prestop-Mix, controls the growth of Botrytis cinerea. The antagonistic property was examined in
laboratory settings with a thorough description of the cultures of catenulate (previously Gliocladium roseum)
and the fungus Trichoderma asperellum obtained from local soil (Fig. 2)

The actively growing culture is grafted onto new PDA plates, matched to a 12-hour photoperiod under
cold white light, and cultivated for 7-10 days at a temperature of 25 °C in order to prepare the requisite
anthogonists and pathogen inoculations for research. To make inoculations for bioprobes, combine
10 milliliters of sterile tap water with 0.05 % twin 80 surface active substance. Pour the mixture into Perti
plates, collect mycelium with spores, and shake hands for a minute to guarantee conidium dispersal. After
that, remove the mycelium with a glass rod and filter it through three layers of sterile Marl for purification.

A hemocytometer is used to measure the concentration of the resultant suspension, which is then diluted
to the required concentration. Large amounts of spores were accumulated by rinsing the PDA plates
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containing the spores with sterile water and filtering them using sterile Marl, which is how the inoculations
required for field research were made. Before usage, the inoculations required for biotalysis were made, and
two weeks prior to use, at 4 °C, the concentrated suspension of inoculants required for field study was made.
Suspensions of freshly made or nutrient-activated conidias can be kept for up to two months at 4 °C,
according to preliminary research.

Activated by nutrients Trichoderma asperellum conidia are made using the following procedure: 500 ml
of potatoes in 1 liter bottles in dextrose broth with a final concentration of approximately 1x10’
conidium/ML, and incubated at 6 H 22 °C in a reversible lifting (piston) mixer at 150 rpm. The conidia of
2-3 week-old cultures grown in the middle of the PDA are briefly washed. The Whatman GF/C filter is then
used to perform vacuum filtration in order to extract the nutrient-activated but ungrown conidiums from the
solution. It is resuspended as a concentrated suspension in 50 milliliters of sterile water after being rinsed
three times with sterile water. Before being used, the activated conidia should be diluted to a concentration of
10° conidia/ml and kept at 4 °C for up to two weeks. Spraying mycelium and fungal spores is not the most
straightforward method. The medicine's biocontrol agent only enters the infected floral organ when it is used
repeatedly, which is why the drug crushed with water is only useful in certain situations. Due to its dispersal
of the entire crop area as well as surrounding regions like soil and leaves, the method is not economically
efficient.

Preparing strawberry flowers for research

Fresh smallpox-bitten strawberry blossoms are gathered and put in 10 cm petri dishes with 1 flower and
15 ml of 1.5 % vertical sterile water Agar.

At one point near the base of the acorns, each bloom receives an injection of 10 microns of spore
solution. Conidium/ML combinations of Gliocladium catenulatum, Clonostachys rosea, or Trichoderma
asperellum are made in combination, or 10%, 10* or 10° conidium/ML B. cinerea, singular.

Instead of using conidial suspension, flowers under control are treated with sterile water. Every aspect
of the trial design followed a randomized block approach. Three plants are used to repeatedly complete each
operation.

For two days, flowers that have been inoculated and regulated are kept in the dark at a temperature of
25 + 1 °C. After that, the flowers are left on the study table for a total of twelve hours of light and darkness.

At a temperature 25 °C, 20 sagebrush, the conidial germination of mushrooms in water agar increased
steadily by 98 %.

Four days following the inoculation with strawberry flowers, the disease's severity is evaluated. The
percentage of ash-affected areas on strawberry plants that have gray rot is as follows: 0 represents no disease
symptoms; 1-0,1-5 %; 2-5,1-20 %; 3-20,1-40 %; 4-40,1-100 %.

Disease complication is calculated using the following formula: disease severity (%) = ((Z(number of
diseased leaves X disease ghost index))/(4xnumber of graded leaves))>100.

The importance of Disease Control is calculated using the following formula: Disease Control Value
(%) = ((A-B)/a)><100, where A is the severity of the disease caused only by inoculation of the pathogen, and
B is the severity of the disease after various treatments. The experiments were repeated in different ways.

Preparation of the carrier vector bees and the apiary

Using a multi-map of Carpathian bees, biocontrol techniques were implemented with the aid of the
Trichoderma fungus. Apiary Styrofoam is a huge multi-map that can withstand a variety of climatic
conditions. It is divided into three distinct areas, each housing a colony of 350 worker bees and a queen.
Every apiary has a bilateral dispenser (either with or without a preparation for anthogonist mushrooms).
Carpathian bees are bioprepared and escape through the exit lot with the aid of a two-way dispenser;
nevertheless, internal movement occurs through an empty tunnel to prevent contamination of the apiary's
interior.

Valley research

The study was conducted in a strawberry field during the growing season for two years in the village of
Stary serf' (2016-2017), Semey (Fig. 3). In June 2016, strawberries were planted in perennial fields. Planting
strawberry plants requires spacing them 25-30 centimeters apart and covering them with black plastic. Bees
belonging to the Carpathian family are found within 0.5 km of the open farmed fields. Every strawberry was
produced following the guidelines for organic gardening; no chemical pesticides were used to the plants dur-
ing the study phase to safeguard them. GPS coordinates: width: 50° 291291 52° N; Length: 80° 51 52 17° E.
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Figure 3. Strawberry field map. Old serf, Semey, East Kazakhstan Region.
Theses strawberry fields are surrounded by rectangles; dots in the Valley indicate
the apiary's arrangement with the experimental Valley sign

The type of strawberry under study is “Symphony”, which is the most commonly used and cultivated
variety of strawberry species. The flowering period begins on May 25-28 and ends on June 10-14 (2016,
2017), as observed during the two-year period.

In the Valley, 7,564 plants were grown in systems consisting of 21 rows. The systems were irrigated by
drip irrigation. After a month, the flowers and stolons were cut to be even, and intensive growth began.

Procedure of the experiment

The entire experiment plan was executed in four random iterations. Plots measuring 3.30 m by 4 m are
planted with 70 strawberry plants, both with and without trellis. The size of G/plant was determined by
dividing the total yield of each site by the total number of plants at each location.

Strawberries were collected with their hands twice a week over the summer, three times total. Berries
that were clean and ripe were gathered separately, and berries that were damaged were gathered separately
and weighed.

From the start of the strawberry flowering season until the finish, bees kept spreading anthogonis.
A total of 300-500 g of the drug — five grams per dose — were added to the drug-antagonist dispenser.

A net against neutral pollen was placed across four plots (Fig. 4, 5), allowing wind pollination to occur
during the flowering stage. Carpathian bees assist in pollinating strawberry blooms in other regions by
carrying opponent biopreparations together with wind.

Figure 4. Carpathian bee apiary and dispenser

Figure 5. Experimental fields of strawberries

Cepusa «Bbronorusa. MeguumHa. Meorpacbums». 2024, 29, 2(114) 33



A.B. Ismagulova, A.D. Spanbaev et al.

After flowering, the protective netting was taken down. Three times over the course of three weeks, the
disease known as strawberry gray rot was controlled (matching to the period of fruit harvesting). Data were
gathered from a weather station close to the study region about specific humidity and air temperature.

Approximately around June 26-28, the strawberry harvest season started and lasted until July. Straw-

berry fruits were gathered every third day. The amount of gray rot infection was ascertained by counting the
number of uncontaminated and damaged fruits.

Results and Discussions

Throughout the two years, there were variations in the weather. While May averages in 2016 were
above 15 °C, May averages in 2017 were 20 °C higher. In June, the average temperature was 23 °C.

With 140 % of total rainfall in 2016 and 136 % of total rainfall in 2017, May had substantial rainfall on
average. Overall monthly rates were 128 % in June 2016; they were 193 % in July and June 2017
respectively. In general, the average monthly level was 78 % in 2017 and 92 % in 2016.

Compared to 2016, there were twice as many rainy days in 2017.

B in conidium/ml suspensions of 10°, 10*, and 10° as determined by analyses in Agar media. The differ-
ences between cinerea disorders are negligible (Fig. 6).

Figure 6. Strawberry flowers damaged by a suspension of spores of different concentrations

Anthogonist activity was higher in flowers inoculated with concentrated suspensions of Gliocladium
catenulatum 10°, Clonostachys rosea 10° and Trichoderma asperellum 10° (Table 1). And there was no
difference in the result in strawberry flowers treated with concentrations of 10% and 10°*.

Table 1
Ways to combat gray rot on a strawberry plant in laboratory conditions using BCA
Disease severity (%) Disease control value (%)
B. cinereal0°conidia/ml 91.67cd
x G. catenulatum 10° 75.00cd 19.43abc
x G. catenulatum 10° 66.67bcd 33.33bcd
x G. catenulatum 10° 58.33abc 38.90cd
x C.rosea 10° 91.67cd 0.00a
x C.rosea 10° 75.00cd 16.67abc
x C.rosea 10° 41.67ab 55.57de
x T.asperellum 10° 91.67cd 0.00a
x T. asperellum 10* 100d 0.00a
x T. asperellum 10° 66.67bcd 30.57abcd

As given in Figure 7 it is observed that pain reliever of suspensions of cineria B. 10° concentration of
other fungi at a concentration of 10° conidium/ML. B.cineria 10° x C.rosea 10° variant showed efficacy,
reducing the progression of the disease by 55.57 %.
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Figure 7. The effect of the combination of different concentrations with asperellum fungi against Gray rots
of the concentration of B. cineria 10° spores C. catenulatum, C. rosea and T. asperellum

Table 2
Ways to combat gray rot on a strawberry plant in laboratory conditions using BCA
Disease severity (%) Disease control value (%)
B. cinerea 10° conidia/ml 100d

x G. catenulatum 10° 100d 0.00a

x G. catenulatum 10° 75.00cd 22.23abc
x G. catenulatum 10° 33.33a 66.67¢
x C. rosea 10° 100d 0.00d
x C. rosea 10° 91.67cd 8.33ab
x C. rosea 10° 100d 0.00d
x T. asperellum 10° 100d 0.00d
x T. asperellum 10° 100d 0.00d
x T. asperellum 10° 91.67cd 8.33ab

In Figure 8 and Table 2 the pain relief of suspensions of cineria B. 10* concentrations of other fungi at a
concentration of 10° 10* 10° conidium/ML is different. Cineria B. at the concentration of 10* x
G. catenulatum 10°, inhibition decreased by 66.67 %, and in the 10° version it was 22.23 %. Moreover,

C.rosea 10* and T. asperellum 10° disease inhibition was only slightly observed than in other unchanged
versions (8.33 %).
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Figure 8. The effect of the combination of different concentrations with asperellum fungi against Gray rot of the
concentration of cineria spores B.g, catenulatum, C. rosea and T. Asperellum

Table 3
Ways to combat gray rot on a strawberry plant in laboratory conditions using BCA
Disease severity (%) Disease control value (%)
B. cinerea 10° conidia/ml 100d
x G. catenulatum 10° 100d 0.00d
x G. catenulatum 10* 91.67cd 8.33ab
x G. catenulatum 10° 100d 0.00d
x C. rosea 10° 100d 0.00d
x C. rosea 10 100d 0.00d
x C. rosea 10° 100d 0.00d
x T. asperellum 10° 100d 0.00d
x T. asperellum 10* 100d 0.00d
x T. asperellum 10° 91.67cd 8.33ab

Figure 9, 10 and Table 3 demonstrate that B.cineria B. the pain relief of suspensions of B. cineria 10°
concentrations of other fungi at a concentration of 10°, 10*, 10° conidium/ML is different. B. cineria 10° x
G. catenulatum 10* and T. asperellum 10° at a concentration of T. asperellum 10°, the prevalence of the
disease is limited to 91.67 %. In the rest of the variants, the development of the disease remained unchanged.
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Figure 9. The concentration of cineria B. 10°spores. catenulatum, C. rosea and T. asperellum the effect of the
combination of different concentrations with asperellum fungi against Gray rot

Figure 10. Manifestation of disease development in strawberry flowers of different concentration

As a result of the development of the disease of gray rot in strawberry flowers, it can be seen that under
the influence of a high concentration of anthogonist fungi, the development of the disease develops at best by
only 33.33 %, and the spread to the plant stops somewhat.

In valley conditions, a strawberry plant is used by bees of the Carpathian genus carried out using
G. catenulatum spores (Table 4).

Table 4
Variants of experiment

Condition vegetable (gr/plant)*
No grid 1.97
In the grid, y 1.92

Effectiveness of biocontrol against gray rot infection. At the control sites, the extent of gray rot damage
varied throughout the course of the control years. The annual treatment effectiveness of gray rot infection is
shown to be drastically lowered when trichodemin is used. There was a decrease in the gray rot infestation
between the two years.

In terms of the effect of pollination on fruit mass, the average weight of ten fruits varied between
53.2 = 3.2 (2016) and 192.8 = 9.8 g (2017).
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Impact of biocontrol on mold infection rates. The level of infection with mold at the control sites
varied over the years of observation (F1, 162 = 1386.6, P <0.001; Fig. 11). The use of Prestop mixture
significantly reduced the infection with mold (F1, 162 = 132.06, p < 0.001).

70
|o| Control

[B Prestop® Mix + Bumble bees

50
40

30
sk

=
. N
0

2016 2017

20

Grey mould infection rate %

Figure 11. The level of mold infection at Control sites (untreated) and in places treated by bees
with the drug “stop mixture”. Average values with standard error bars are presented.
Asterisks (***) indicate a decrease in the level of infection in years with low pathogenic pressure (p < 0.001)

At the same time, a significant concomitant effect was observed during the year of treatment (F1,
162 = 39.44, P < 0.001). A pair analysis found a significant decrease in mold infection rates in the first two
years (2016: t =-8.20, df = 162, P < 0.001), but not in the third year (2017: t = -0.56, df = 162, p = 0.57).

The combined effect of pollination and biocontrol on gross output. The use of biopreparations with
the participation of bees significantly affected the overall yield (F1, 18 = 9.7, P = 0.006; Fig. 12a), and the
pollination services were not affected (F1, 12 =0.14, P =0.7; Fig. 12b). The overall yield was different in
different years (bioagent pollination: F1, 18 =33.31, P <0.001; pollination: F1, 12 = 113.3, P <0.001),
although there was no effect of year and treatment (F1, 18 = 0.20, P = 0.8), year and type of pollination (F1,
12 =0.11, P =0.7) was not found. Areas pollinated by insects and pre-treated with biopreparations 123 %
112 % (2016: t=1.58, df =18, P=0.13) and 120 % (2017: t=1.51, df =18, P=0.15) are shown in
Figure 13. The level of mold infection at control sites (untreated) and in areas treated with prestop-Mix by
bees.

(a) so00 (b) 8000
Control . (5] Control
2000 Prestop”+Bumble bees 7000 | [l Bumble bees
C C
i) &+ o
5 000 = 5 6000
g —
8 2
© 5000 © 5000
2 o
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| 4000 T 4000
2 =
3000 3000
2000 2000
2016 2017 2016 2017

Figure 12. Average yield of strawberries collected during the period of fruit collection. (A) the preliminary application
of the mixture in the presence of bees increased the yield every year. (B) The “symphony” variety's yield has not
changed as a result of pollination services. The values are displayed as averages with standard error bars. A significant
difference in productivity between cultivated and untreated land (p < 0.05) is shown by the asterisk (*)
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Average values with standard error bars are presented. Asterisks (***) indicate a significant decrease in
productivity between cultivated and untreated areas (p < 0.05). Crops are harvested from control sites (with-
out wind pollination and processing), and insect-pollinated sites are harvested from 100 % (2016: t = 0.03,
df =12, P =0.9) and 109 % (2017: T = 0.5, df = 12, P = 0.6) wind-pollinated sites.

Conclusion

According to our data, using biofungicide to prevent mold on strawberries in open ground works well.
However, the weather had an impact on how well the treatment worked. Because of the heavy rains and cold
temperatures, there was a significant pressure of pathogens even though the infection rate dropped by 2.9 and
1.7 times in 2016 and 2017, respectively. Our research has demonstrated that excessive precipitation and
cool temperatures are conducive to the formation of mold.

Even with chemical fungicides, effective mold control is challenging when the incidence is high if the
right decision-making support systems are not accessible. In our experiment, the monthly precipitation in
May and June of 2017 was about twice as high as the long-term normal, while the year 2016 was warm and
dry.

The gross production from processed and unprocessed sites has increased over the years that Prestop-
Mix research has been undertaken, despite the lack of statistically significant differences between them. The
adoption of entomovector technology in strawberry farming, particularly in organic production, may be
encouraged by this ongoing good trend.

It is thought that plants, insects, and animals can safely handle Gliocladium catenulatum. Since it is a
naturally occurring soil fungus, wild organisms carry the soil dust into the air. G. catenulatum is a universal
communicator. Processing has little effect on infections; all it does is increase the concentration of color on
flowers. Pre-stop-Mix mixture does not negatively impact life expectancy or foraging activity, even though
vector insects passing through the dispenser are subjected to extremely high dosages of the material.
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Kapnat TyKbIMIacbIHbIH apajapbiH Naigandana oThIpbIN
Botrytis cinerea TyapIpaThIH KYJNBIHAABIH CYP WIipPiK aypybIH
IHTOMOBEKTOP TEXHOJIOTHSICBIMEH 3epPTTey

Cyp mipik aypybl oyleMae KeNTereH MIaKpUIOBl OcCIMAIKTepHIi 3aKbIMAAl, KeH KeleMIe Tapaiyna.
KymbiHaliap! BereTanusiblK Ke3iHae KoHe KUHATFaHHAaH KeWiH /e 3aKbIMIal, SKOHOMHKAIBIK OpacaH 30p
3UAHBIH Kendripeai. Makamamga Ouompermapar IIeH apajapisl HaliganaHa OTBHIPBII, YHTOMOBEKTOP
TEXHOJIOTUSCHIHBIH KOMETiMeH KYJIIbIHAH eCIMAIriHAe Ke3[AeceTiH Cyp IIipiK aypyblHa Kapchl OnoOaksuiay
3epTreysepi Kyprisinreni Gasupanran. Botritis cinerea canplpayKysiarsl TYABIPAThIH KYJIITBIHAWIBIH CYp
LIipiK aypyblH SHTOMOBEKTODPJIBIK TEXHOJIOTHSHBIH KOMETIMEH 3€pTTey aypyMeH Kypecill KaHa KOWMaumibl,
COHBIMEH KaTap KYINbIHAH TYNOEpiHIH CaHbIH KeOEHTiN, eHIMIUTIKTI apTTHIpaabl. 3epTreyne
SHTOMOBEKTOPJIBIK areHT peTinae Kapmar TykpIMpac To3aHAaTKeIII apanap naipamaneuiraH. Onap KeH
npodwIbai apamap KaTapblHa JKaTagbl JKOHE OCHI 3epTTey JKYMBICHIHA JEiiH OJapIblH OCIMIIKTepai
TO3aHIAHIBIPY apKBUIBI  OHIMJLUIITIH  apTTBIPATBIHBI  JKAMIIBI  MONIMETTEp TOJBIKTAH  KENTipilreH.
DHTOMOBEKTOpP TEXHOJOTHACHIHBIH HOTIXKECIHeH Ouomnpenapar peringe Prestop-Mix npemapatel Herisi
oonbin TadkutaTeiH  Gliocladium catenulatum skome skeprimikri >Kep TONBIParbIHAH OOJIHIN aJbIHFAH
Trichoderma asperellum Botrytis cinerea KO3ABIPFBIIBIH CYNPECCUsITANTHIHIBIFBI 3epTTem. Makanana
Botritis cinerea caHplpayKyJarbl TyIBIPAThIH IIBIFBIC OHIPIHIETT KYJINBIHAN alKanTapbIHBIH TOKIpHOETiK
aIaHIapbIHIAFBl CYp LIIPIK aypybIH SHTOMOBEKTOP TEXHOJIOTHACHIMEH 3€PTTEY HOTHXKeCi OepiareH. ApHaibl
oMapTaiapra OpHATBUIFaH JUCIICHCepIiep koHe Kapmar TykeIMaac apaiapiblH KeMeriMeH OMo(yHTHUIHITI
KOJIIaHy KYJIIBIHA ©CIMIIriHIH Cyp LIipiK aypybIMEH 3aKbIMAAaHYBIMEH Kypeci Ke3iHIe THIMII 9icTepaiy
6ipi Gousibln TaOBUIATHIHBI OaKblIay HYCKAJIapbIMEH CalbICTBIpa OTBIPHIN alKbIHIANABL. ApHailbl 3epTTey
ankanrapsiHaa ecipired «CuMQoHMsD KYJINBIHANBIHEIH CYp IIipiK aypybIMEH KYpeciH 3epTTey OapbIChIHIa
TO3aHJAHBIPY THIMIUTICIHIH KEMIC CaJMarFblHa dcepi, TO3aHIAaHy JXOHE OMO0AKbpLIAy ArcHTIHIH IKaJIIbl
callMaKKa ocepi aHbIKTaiIgsl. KyimeiHail ryngepiHiH caHbl KeOeHim, j>KeMIiCTepiHiH ©HIMIUIIrT apTajibl.
3eprrey HoTwkenepi KapmaT TykpIMzmac apamapIblH KeMeTiMeH OHO(GYHTHIMATI KOJNZAaHy KYJIITbIHAN
OCIMAIriHIH Ccyp IIipiKk aypybIMEH 3aKpIMAaHYbIMEH Kypeci Ke3iHae THIMIl omictephiH Oipi Oombimx
TaOBUIATBIHBIH KOpceTTi. bipak Kypecy IIapaiapblHBIH THIMAUII aya-paifbl >KarqaiiapblHa Tikenen
GaiyIaHBICTHI OOJIa B

Kinm ceszdep: cyp ipik, Kapmar apacel, TPUXOJEPMHH, SHTOMOBEKTOPJIBI TEXHOJOIHWS, OWOIpENapar,
3aKbIMJIaHy, OM00AKbIIAY areHTi.
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HccaenoBanne 00J1e3HU cepoii THIJIN KIYOHUKH, BbI3bIBa€MOM
Botritis cinerea, ¢ ucnosb3oBaHueM mue cemeiictea Kapnarckue
€ MOMOIIbI0 IHTOMOBEKTOPHOI TEXHOJIOT UM

B cratbe ¢ T[OMOIIBIO TEXHOJOTHH JHTOMOBEKTOPOB C  HCIONB30BaHHEM  (DPUTOMATOrEHHOTO
HPOTHBOTPUOKOBOTO OHompenapara M mued ObUT OCYIIECTBICH OHOKOHTPOJIb OOJE3HH CEpoil THHMIIH,
obHapyxeHHOW Ha KiyOHuke. MccrnemoBanne OONIe3HM cepoll THWIM KIYOHHKH, BbI3bIBaeMoil Botritis
cinerea, ¢ MOMOIBIO YHTOMOBEKTOPHON TEXHOJIOTHH HE TOJBKO OOpercst ¢ GOJIC3HBIO, HO U YBEIHYHBACT
KOJIMYECTBO 1IBETKOB KIYOHHMKH M ypOXKalHOCTb. B McclienoBaHMM B Ka4eCTBE YHTOMOBEKTOPHOTO areHTa
MCIIOJIb30BaHbl MYENbI-ONbUTHTENN KaprnaTckoro poja, KOTOpble MMEIOT IIHUPOKUI Mpoduib, ¥ 10 3TOTO
MCCIICIOBaHUs OBUIN TIOJTHOCTBIO MPHBEJCHBI AaHHBIE 00 MX MOBBIMICHWH NMPOJYKTHBHOCTH IPH OINBLICHHN
pacrenuid. I3 pe3ynbTaToB S3HTOMOBEKTOPHOW TEXHOJOTHU B JIAOOPATOPHBIX YCIOBHSAX OBUIO PACCMOTPEHO,
YTO BpeA, HAaHOCHUMBIH Bo30Oyaurenem Botrytis cinerea, Ha poct u pacreHue, HHrHOUpyercs
AHTOTOHHUCTHYECKUM TrpubOKoM Trichoderma viride, BbimeneHHBIM ©3 MECTHOW TOYBBL [IpHBEIEHBI
pe3yJbTaThl MCCIIEOBaHMs OOJIE3HH Cepoil THUIIM KIYOHHKH BOCTOYHOTO PErHOHA, BHI3BIBAEMOW I'PHOKOM
Botritis cinerea, mo sHTOMOBEKTOpHOW TexHONOrHH. OYEBHIHO, YTO NPUMEHEHHE OWOQYHrHIHAA C
MOMOIIbI0 KApIaTCKUX IMYeN SIBISIETCS OAHUM M3 HamOojee 3(pdeKTHBHBIX cHocoO0B OOpHOBI pacTeHHs
KITyOHUKH C TIOpPOKEHUEM Cepoii THIIIBI0. BbuTo mokasaHo, 4To Bce Apyrue BBl ONBUICHHS AAI0T YCICUIHbIE
pe3yabTaThl B TEXHOJOTHHM SHTOMOBEKTOpOB. B xome uccrnenoBanmsi 6oppObl KiyOHHKH «CHMOOHMS,
BBIPAIICHHON Ha CIEHHAbHBIX HCCIE0BATENbCKUX IOJSIX, C CEPOM THHJIBIO OBUIO BBISBICHO BIIHMSHHE
3¢ dexTHBHOCTH ONbUICHHS Ha BeC IUIOJOB, ONBUICHHS W OWOKOHTpOIs Ha oOmuil Bec. Pesynbrarsr
HCCIIeI0OBaHMs TTOKa3aId, YTO MpUMEHeHHe OMO(QYHIHIMA C TIOMONIBI0 KapIIaTCKUX ITUell SBISIETCS OIHUM
n3 Hanboee 3G PEeKTHBHBIX METONOB OOPHOBI PaCTEHNUS KIIYOHHUKH C ITOpa)xeHHeM cepoii rambio. Ho 6opnba
TaKoKe 3aBHCHUT U OT ITOTOJHBIX YCIOBHH.
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