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Abstract. The development of pathogen resistance and the relatively high cost of chemical fungicides dictate the
necessity to develop alternative disease control strategies. These strategies include biological methods of plant
protection. However, the effectiveness of biological plant protection depends on the biological agent’s activity,
which strongly depends on external physical factors. The applicant of biological remedies for seed inlay is one of
the environmentally safe ways to combat seed and soil infection. However, nowadays, the impact of mechanical
means during seed inoculation on the survival of microorganisms remains poorly studied. A laboratory
installation has been created that makes it possible to imitate the working process of applying microorganisms to
plant seeds during inlay, changing the pressure in the distribution system, the types of sprayers and the
temperature of the working composition of the biological product with its further study in order to determine the
number of living microorganisms remaining in it after processing. According to the results of the experimental
data, graphical dependences were constructed showing the impact of pressure in the sprayer system, the
temperature of the biological product and the type of spraying device on the viability of microorganisms. For
microorganisms of RECB-50B (based on Bacillus sp.), RECB-14B (based on Pseudomonas putida), RECB-74F
(Trichoderma viride) strains, the optimal parameters of the above factors were established during mechanical
application of a biological product to the treated seeds: temperature of the working compound is 20 to 25 °C, the
pressure in the biopreparation delivery system is 0.4 MPa, the optimal type of spray nozzle is experimental,
adapted for working with biopreparations.
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Introduction

The current level of crop development is accompanied by a high pesticidal load on cultivated
plants. The high cost of pesticides and their negative impact on the ecosystem as a whole are limiting
factors for intensive development of crop production and are detrimental to humans. The development
of pathogen resistance and the relatively high cost of chemical fungicides dictate the necessity to
develop alternative disease control strategies. These strategies primarily include the biological method
of plant protection. However, the effectiveness of biological plant protection depends on the activity of
the biological agent, which varies in physical factors (methods of application, pressure, temperature of
working compounds, etc.) [1].

The use of biological remedies in presowing seeds treatment is one of the environmentally safe
ways to combat seed and soil infection. Microorganisms in the composition of biological means of
protection are natural mechanisms for controlling pests in the service of humanity [2;3].

However, the effectiveness of the use of biological preparations for plant protection is determined
by the activity of the biological agent in a biological product, which varies and, to a large extent,
depends on the influence of various external factors. For example, in the process of spraying crops or
when seed is treated with modern machines, the microorganisms that are in the composition of
biological products are influenced by such physical factors as the system pressure, temperature of the
working composition, as well as design features of spraying devices, that can create sudden pressure
drops or other adverse effects.

Studies [4] found that, using a tank mixture of microorganisms for spraying, it is necessary to
limit the pressure to 0.5 MPa. The use of higher spraying regimes affects the reduction in the number
of viable bacteria. When combining microbiological preparations and chemical, for example,
herbicides in a tank mix, it is necessary to ensure that the pressure is within 0.35-0.5 MPa in order to
achieve a uniform distribution of the components of the tank mix per hectare. In addition, the savings
or cost overruns of plant protection products depend on the applied pressure.

At the same time, it is known that yeasts retain their viability at a pressure of 50 MPa, and
individual fungi and bacteria withstand pressures up to 300 MPa [5].
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Despite the rapid development of biological methods of plant protection, nowadays, questions
about the influence of technical means used on the survival of microorganisms are still little studied.
The purpose of this study is to study the impact of physical factors arising in the process of applying
microorganisms, as a part of biological plant protection products, on seeds with the help of mechanical
means on their viability.

Materials and methods

As a result of earlier studies, the factors that have the greatest impact on the viability of
microorganisms of biological products were identified [6-12]:
1. Temperature of the working fluid (7, °C);
2. Pressure on a biological product in a mechanized spraying system (P, MPa);
3. Design features of the biological product sprayer.

To determine the level and nature of these factors’ impact on the viability of microorganisms, a
new laboratory setup was created (Fig. 1 and 2).
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Fig. 1. Scheme of laboratory unit for testing biological products: 1 — tank of working fluid;
2 — membrane pump; 3 — fluid temperature sensor; 4 — liquid temperature gauge; 5 — pump power
button; 6 — heating element; 7 — temperature sensor of the heating element; 8 — insulation;

9 — temperature regulator; 10 — pipeline; 11 — fluid pressure regulator; 12 — spray holder;

13 — manometer; 14 — weighing bottle; 15 — stand; 16 — tank for draining the liquid; 17 — frame
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Fig. 2. General view of installation for testing biological products

The laboratory setup consists of a working fluid tank 1, in which a membrane pump 2 and a liquid
temperature sensor 3 are installed, the data from which are displayed on the liquid temperature
indicator 4. The pump 2 is turned on and off by means of the key 5. On the outer side of the working
liquid tank 1 a heating element 6 is installed in layers, between which a temperature sensor 7 of the
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heating element 6 is installed. On top of the heating element 6 a heater 8 is fixed, which is also fixed
across the entire surface of the tank 1. The heating temperature of the heating element 6 is controlled
by the controller 9. The working fluid from the pump 2 is supplied to the pipeline 10 and through the
fluid pressure regulator 11 is fed to the spray holder 12, which has five spray nozzles. The sprayer is
quickly changed without the need to disassemble it by turning the holder along the axis. The pressure
in the pipeline 10 is controlled by the pressure gauge 13. The sprayed liquid from the sprayer is
supplied to the container weighing bottle 14, installed on the stand 15, which in turn is installed in the
frame 17. Also on the frame 17 there is a tank for draining the liquid 16 and setting the pressure in the
pipeline 10.

This laboratory setup allows to imitate the working process of applying a biological product to the
seeds of plants during etching, changing the pressure in the distribution system, the types of sprayers,
the temperature of the working composition of the biological product and its further study to
determine the number of living microorganisms remaining in it after exposure to the above factors.

The laboratory setup allows changing and controlling the following parameters: working fluid
temperature, T (range of change 0...90 °C, measurement range 0...90 °C, step of change and control
1 °C, measurement error 0.1 °C); pressure in the spraying system, P (Range of change 0...0,6 MPa,
measurement range 0...0.6 MPa, step change and control 0.01 MPa, measurement error 0,01 MPa);
types of sprayers: all types of sprayers are compatible with the sprayers manufactured by ARAG S.r.I.

The created laboratory installation allows disinfection of the spraying system included in its
design by heating its constituent components to the maximum viability temperature of the tested
microorganisms and rinsing with specialized preparations.

The laboratory setup works as follows: the working fluid solution is poured into the tank 1. Then,
the temperature of the liquid is monitored according to the indicator 4, which receives it from the
temperature sensor of the liquid 3, if it is necessary to heat the working fluid, according to the terms of
the experiments, the heating regulator 9 is turned on and the required temperature set. Heating is
performed by the heating element 6 of membranous type. Liquids in the tank are protected from
temperature decrease by insulation 8. Temperature sensor 7 does not allow the heating element to
overheat, giving temperature readings to the regulator 9 for the latter to take the necessary decision to
continue or stop heating. The temperature of the heating element is also controlled by a visual method
according to the indications of its size on the display of the regulator 9 and can be adjusted by the
operator of the installation. After heating the working fluid to the required temperature, the operator
must adjust the pressure at the outlet of the sprayer 12. The pressure of the working fluid is controlled
by the regulator 11 and monitored by the pressure gauge 13. By placing the knob of the regulator 11 to
one of the positions from 0 to 12, the operator briefly switches on the diaphragm pump 2 by pressing
the key 5 and controls the pressure in the pipeline 10 visually on the pressure gauge 13. The sprayed
liquid from the sprayer is supplied to the tank 14 installed on the stand 15.

When setting the pressure in the pipeline, the liquid from the spray holder 12 is supplied to the
tank 16, installed in the frame 17. Lowering the key 5, the diaphragm pump 2 stops by disconnecting
the power supply lines. Adjusting the necessary pressure, the operator conducts the necessary
experiments.

Using the above-mentioned methodology of experiments, it is possible to determine the effect of
the pressure (P) in the sprayer system (seed treater) in the range of 0-0.6 MPa, temperature (7) of the
biological product in the range of 0-90 °C and the type (N) of the spraying device on the viability of
microorganisms in the biological product (CFU =f (P, T, N)).

For experimental studies to determine the influence of physical factors on the viability of
microorganisms the following strains were used: RECB-50B (based on Bacillus sp.), RECB-14B
(based on Pseudomonas putida), RECB-74F (Trichoderma viride). These strains were selected as the
most promising, allowing to reduce the growth of seed and soil infection, as well as increase the
resistance of agricultural plants to soil salinity, drought and low temperatures. Strains of bacteria of
Bacillus sp. genus — producer of substances with antagonistic activity against pathogens, Pseudomonas
putida — has the ability to isolate growth stimulators thereby to promote the plant growth, and
Trichoderma viride — releases antibiotics, stimulates the growth and mass of the root system, which
leads to an increase in the yield [13;14].
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The viability of microorganisms was determined by laboratory sieving of the studied samples in
Petri dishes under sterile conditions. For cultivation of microorganisms we used the King B. medium,
which consisted of tryptone and glycerol 10 g per litre. To prepare the agar medium, agar was added at
a concentration of 18 g per litre. The medium was sterilized for 40 minutes at 110 °C. After cooling
the medium to 50-60 °C, 10 ml of sterile solution of magnesium sulfate 150 gram per litre and
potassium phosphate disubstituted at a concentration of 150 gram per litre were added.
Microorganisms were cultivated for three days in a thermostat cabinet at a temperature of 28 °C,
without ventilation, after which the number of colonies was counted [15].

As a biopreparation dispenser, in conducting the research, two nozzles known for the design were
used — the injector and slit, and the third — an experimental dispenser of new design — a sprayer,
adapted for working with biological products [16].

Results and discussion

On the basis of the above method, relevant experimental studies were carried out to determine the
degree of the influence of physical factors on the viability of microorganisms. For each series of
experiments, using a specific type of nebulizer and a biological product, after statistical processing, the
results were presented in tabular form. For example, Table 1 shows the values of the parameters of the
factors affecting the viability of microorganisms, when simulating seed treatment using an
experimental sprayer adapted to work with a biological product (the experiments were performed
fivefold, the table shows the average values). Similar data on the results of the experiments were
obtained using injection and slit nozzles.

Table 1
Viability of microorganisms when treating seeds with biologics
using an experimental sprayer, Titer x 10° CFU-ml™"

Temperature Pressure (P), MPa
(T), °C 0.2 | 03 | 04 | 05 | 06
Pseudomonas putida
10 15 16 15 13 9
15 20 20 19 16 13
20 34 33 29 27 20
25 35 34 34 30 24
30 34 33 25 24 22
Bacillus sp.
10 22 20 20 16 11
15 36 32 25 18 16
20 48 45 40 36 34
25 48 46 44 32 31
30 41 38 36 32 27
Trichoderma viride

10 16 15 13 13 12
15 26 26 24 23 18
20 38 37 37 36 35
25 38 35 36 34 31
30 39 37 36 32 29

According to the results of the obtained data, graphical dependences were built showing the
impact of pressure in the sprayer system, the temperature of the biological product and the type of
spraying device on the viability of microorganisms after their application to the seed material by
mechanical means (Fig. 3-11).

Analysing the obtained graphical dependences, it can be noted that all types of the studied strains
show the best viability indicators (the number of microorganisms after processing) at a temperature of
their use of 20-25 °C. Reducing the temperature of strains leads to a sharp decrease in the level of their
viability and is not recommended for use. Increasing the temperature of using strains above 25 °C is
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not advisable, since this does not lead to an increase in the level of strain viability, and in some cases,
the viability decreases.
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Fig. 3. Influence of pressure (P) and temperature Fig. 4. Influence of pressure (P) and temperature

(T) on viability of Pseudomonas putida, when (T) on viability of Pseudomonas putida, when
using injection sprayer using slotted sprayer
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temperature (7) on viability of Pseudomonas (T) on viability of Bacillus subtilis, when using
putida, using experimental sprayer (adapted for injection sprayer
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Fig. 7. Effect of pressure (P) and temperature Fig. 8. Effect of pressure (P) and temperature
(T) on viability of Bacillus subtilis, using slotted  (7) on viability of Bacillus subtilis, when using
sprayer experimental sprayer (adapted for working
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559



ENGINEERING FOR RURAL DEVELOPMENT

Jelgava, 22.-24.05.2019.

30 30
SO (oo S .~ T=30°C - T=25°C
P 25 — 25 =<z
.E 20 e ee— _ E 20 L L .
= — IS = S e
O 15 _ i Q 15 B
» T=20°C T=25°C » . ~—_ %
S T=15°C S 10 T=15°C ,
X =T T=10°C _ X T=100c _ _ \ T=20C
[ - 5 \ =
3 - L _\NL. ] i 3 -\
; 0 [— —_— - ; 0 L T == o 1 — —_—— |
0,2 03 0.4 0.5 0,6 0,2 0,3 0.4 0,5 0,6

Pressure, MPa Pressure, MPa

Fig. 9. Influence of pressure (P) and
temperature (7) on viability of Trichoderma
viride, when using injection sprayer

Fig. 10. Influence of pressure (P) and
temperature (7)) on viability of Trichoderma
viride, using slotted sprayer
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Fig. 11. Influence of pressure (P) and temperature (7) on viability of Trichoderma viride,
using experimental sprayer (adapted for working with biological product)

The pressure in the spraying system, that is, the pressure, acting on the strains in the composition
of a biological product during its mechanical application to the seeds, most strongly influences the
degree of viability of microorganisms. Analysing the obtained graphical dependences, it can be seen
that increasing the pressure invariably leads to a decrease in viability. It can be seen from the graphs
that, when the pressure rises above 0.4 MPa, the viability of all strains starts to decrease sharply,
which is not acceptable. However, at low pressure it is impossible to obtain such a dispersion of a
biological product, which would allow to cover the entire surface of the seed with quality during
dressing. In this case, qualitative formation of the required dispersion of a biological product, at a
pressure of not higher than 0.4 MPa, can be enhanced only by using sprayers of new designs adapted
for use at low pressures. Analysing the obtained graphs, it can be seen that the use of an experimental
type of nebulizer gives the highest value of the viability index in the range of pressure applied to the
biopreparation used in the spray system — up to 0.4 MPa.

Conclusions

1. The factors that have the greatest impact to the viability of microorganism strains in biological
preparations are determined: the temperature of the working fluid, the pressure on the biological
preparation in the system of mechanized spraying, and the design features of the biological
preparation spray.

2. A laboratory installation was created, which allows changing and controlling the parameters of
the identified factors that have the greatest impact on the viability of microorganism strains.
3. In the study of microorganism strains of RECB-50B (based on Bacillus sp.), RECB-14B (based

on Pseudomonas putida), RECB-74F (Trichoderma viride) the optimal parameters of the above-
mentioned factors were established during mechanical application of the biological product to the
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treated seeds: working temperature composition is 20-25 °C, pressure in the biopreparation
delivery system — 0.4 MPa, optimal type of the spray nozzle — experimental, adapted to work with
biological preparations.
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