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Abstract: Aviation spraying is one of the most important methods for the treatment of forestry pests and diseases, which has a
high operation efficiency and effectiveness.
of pesticide spray on environment has become an important development in the direction of agricultural aviation. In order to
explore the effects of aviation spray parameters on particle size distribution and activity retention of biological pesticide

The combination of aviation spray and biological pesticides to reduce the impact

droplets, a system of droplets size test and an activity retention rate test system of biological pesticides were constructed. The
related experiments were conducted by changing the structural parameters of the rotary cage nozzle (the diameter of nozzle)
and the technical parameters of the operation (rotary speed and flow rate). The results showed that the average relative width
S of the droplets of the rotary cage nozzle was close to 1, and the droplet distribution was uniform. The influence factors on
the particle size distribution of biological pesticide droplets were rotary speed, nozzle diameter, medium and flow rate in
descending order. The rotary speed, nozzle diameter, and medium had a significant influence on droplet size distribution.
The average activity retention rate of Bacillus thuringiensis was 88.83%, and the germination rate of Beauveria bassiana was
89.80%. The rotary speed had a significant effect on the activity retention rate of bacterial and fungal biological pesticides,
and it was negatively correlated. The rotary speed was between 3000-5000 r/min, and the activity retention rate was higher.
The research results can provide guidance for spraying biological pesticides in aerial plant protection operations with rotary
cage nozzle.
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1 Introduction

China has a serious occurrence of forestry diseases and pests,
with an average annual area of more than 178 million mul',
Aviation plant protection has the advantages of high operational
efficiency, strong assault ability, better control effect, and no
restriction on crop growth. It is an important way to solve the
problem of sudden and large-scale agro-forestry diseases and
pests[2'4].

At present, China is actively advocating the field of R&D
(Research and Development), as well as the application of the
“comprehensive technology for chemical fertilizers and pesticide
reduction and improvement™!.  Aviation spray of biological
pesticide is an effective method with the advantages of reduced
pollution and residues on commodities®”.  Furthermore, the
prevention and control of agricultural and forestry diseases and
pests are important research field. The uniformity of droplet
distribution and the activity retention rate are important factors
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impacting the control effect of biological pesticide after the
spray!'™"1. Doruchowski et al.l'"! used different types of nozzles
to carry out the distribution test and activity experiments of
nematodes, and the results showed that the type of nozzle and the
pressure of spraying had a significant effect on the activity of
biological pesticides. Hidalgo et al.'* used a conical nozzle to
spray a fungal biological pesticide, and the results showed that
different kinds of bio-pesticides have significant differences in the
control effect of Candida. Molina-Miras et al.l'*) found that shear
stress is a key variable affecting the sensitivity of biological cells in
fluid. Gouli et al.l" used different types of nozzles to spray
It was confirmed that the spray
pressure and flow rate had a significant impact on the activity of
total spore activity of biological pesticides, and the lower the flow

fungal biological pesticides.

rate at the outlet, the smaller the damage to the activity of
biological pesticides. Fife et all'! used conical nozzles and
planar sector nozzles to carry out the effects of pressure difference
and flow rate on nematode activity. The experimental results
showed that the nematode activity through conical nozzles was
stronger than via planar sector nozzles, and the differential pressure
threshold was 1.283 MPa, when the pressure exceeds the threshold,
16191 1 et al.l*” and
Zhai et al.*"! carried out numerical simulation and experimental
verification on the process of spraying biological pesticides on

the nematode activity will rapidly decrease

hollow cone spray nozzles, where the results showed that the
nozzle orifice size and spray pressure were negatively correlated
with the bacteria activity. Zhang et al.**?¥ studied the rotary
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cage atomization nozzles with ground-spraying mechanical
biological pesticide and rotary disc atomizing nozzles, and tested
their atomization performance and biological activity retention rate.
At present, the research on biological pesticide spraying focuses on
the nozzles used in ground spray machinery, including hydraulic
nozzles, centrifugal turntable nozzles, and electric cage
nozzles®?"!.  However, the structure and working mode of the
nozzle used in the ground spray are different from those of the
aerial nozzle. The effect of the structure of the rotary cage nozzle
and the high speed produced by aircraft on the droplet spectrum
and pesticide activity has not been studied. Therefore, the effects
of the structural parameters and flight operation parameters of the
rotary cage nozzle on the distribution uniformity and activity of the
biological pesticide droplets under the condition of high speed
airflow are studied by using the wind tunnel to simulate the flight
speed of the aircraft. It is of great significance for the promotion
of aero-spraying biological pesticides.

2 Materials and methods

2.1 Test device and materials

The test system consists of a high-speed wind tunnel system
(variable-frequency controller, high-speed fan, high-speed wind
tunnel), rotary cage nozzle, sampling device (collection station,
Petri dish), liquid supply system (water tank, Piston pump, valve
switch, pressure gauge, Flow valve, collection tank), laser particle
size analyzer test system (laser particle size analyzer, computer)
and tachometer, as shown in Figure 1. Here, a high-speed wind
tunnel (IEA-1 type, Agricultural Intelligent Equipment Technology
Research Center of Beijing Academy of Agriculture and Forestry,
with adjustable wind speed of 0-98 m/s) is used to simulate the
high-speed airflow generated by aircraft flight during aerial spray
operations. There are three kinds of rotary cage nozzles (CYD-1,
CYD-2, CYD-3) with diameters of 105 mm, 85 mm, and 65 mm,
respectively, as shown in Figure 2. The upper and lower wheels
are installed on the outside of the nozzle to install the blade. The
blades come in two different lengths: 68 mm and 94 mm. The
upwind angle can be adjusted in the range of 0° to 90° when the
blade is installed.
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1. Water tank 2. Collection station 3. Petri dish 4. Collection tank
5. Laser particle size analyzer 6. Computer 7. Variable-frequency controller
8. High-speed fan 9. High-speed wind tunnel 10. Rotary cage nozzle
11. Tachometer 12. Flow valve 13. Pressure gauge 14. Valve switch
15. Piston pump

Figure 1 High speed wind tunnel spraying capabilities test system

CYD-3
Figure 2 Three aerial rotary cage nozzles

CYD-2 CYD-1

The nozzle is fixed by the bracket at about 20 cm away from
the wind tunnel, and is located at the center point of the wind
tunnel exit. The sampling device (positioned 2 m downstream of
the wind tunnel) is used to place the petri dish, and after the spray
state is stable, the atomized biological pesticide is collected at the
same time. The liquid supply system supplies the liquid in the
water tank to the rotary cage nozzle. The flow rate can be

adjusted by flow valve. The droplet spectrum of each point in the
spray area generated by the rotary cage nozzle is measured by a
mobile Malvern Laser Particle Size Analyzer (UK, measuring
particle size range of 0.1-1000 um, acquisition frequency up to 20
kHz); the Laser Particle Size Analyzer is arranged at the exit of the

relative wind tunnel at 0.5 m (as shown in Figure 3); and the
[28]

activity retention rate is detected in the aseptic laboratory

1. Laser particle size analyzer 2. Spray area 3. Rotary cage nozzle
4. Nozzle bracket 5. High-speed wind tunnel

Figure 3 The droplet spectrum test field

Bacterial or fungal biological pesticides are usually used for the
treatment of agricultural and forestry diseases and pests. Among
the pesticides used in the test, the bacterial bio-pesticides are
8000 IU/mg suspension of Bacillus thuringiensis, diluted at a ratio
of 1:300; and the fungal biological pesticides are 2x10° CFU/mg,
where Beauveria bassiana powder was mixed with water at a ratio
of 1:100 to form a suspension.

2.2 Experiment method
2.2.1 Speed calibration

In order to explore the influence of rotary speed of rotary cage
nozzle on biological pesticide activity, it is necessary to calibrate
the rotary speed of three kinds of rotary cage nozzles in advance to
prepare the test parameters for droplet spectrum test and activity
test. The rotary speed of the rotary cage nozzle was determined
by the wind speed of the high-speed wind tunnel, the windward
angle of the blade, and the length of the blade, where it could be
calibrated by a tachometer. The purpose of this experiment is to
obtain the parameter calibration tests of rotary cage nozzles with
three different diameters in droplet size distribution test and
biological pesticide activity determination experiment, 3000 r/min,
5000 r/min, and 7000 r/min speed calibration test; 2 blade lengths;
3 blade angles; and multiple wind speeds were selected in
experiment. Taking into consideration that the actual working
speed of the R44 aircraft is 90-160 km/h, that is, 25-44.5 m/s, the
wind speed is debugged in this interval by the variable-frequency
controller. The test factor levels are shown in Table 1. When
the speed was measured, the reflective stickers for the tachometer
was attached to the nozzle net cage, and the required speed of the
diameter rotary cage nozzle could be obtained by adjusting the
parameters set by different tests.

2.2.2  Measurement of droplet size distribution

The laser particle size analyzer directly measured the Dy,
Dyso, and Dy, of the droplets after the spraying of the rotary cage
nozzle to evaluate the uniformity of the droplet size distribution.
The spraying mediums were water, Bacillus thuringiensis, and
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Beauveria bassiana. The test object is three kinds of rotary cage
nozzles with different diameters, three rotary speeds, and three
kinds of flow rate. The test factor level is shown in Table 2, and
the speed is selected by calibration test. According to the spray
pressure of the actual aviation spray operation, the spray pressure
was set to 0.25 MPa®?), and the flow rate can be adjusted through
different gear positions of the flow valve. Before the test, the
biological pesticide and water should be thoroughly mixed to
ensure uniform concentration of the sprayed liquid. The room
temperature was constant during the test, each group of
experiments was repeated 3 times, and the outlier was removed and
analyzed.

Table 1 Speed test parameters of the rotary nozzle

Factor Level
Diameter of the nozzle/mm 105 85 65
Wind speed/m-s™ 25.5-44.6
Blade length/mm 94 68
Blade angle/(°) 25 35 45

Table 2 Experimental parameters for the test

Factor Level
Rotary speed/r min’ 3000 5000 7000
Diameter of the nozzle/mm 105 85 65
Flow rate/L-min”' 4.4 10.5 11.1
Medivm Water e ensis hasiana.

2.2.3 Determination of biological pesticide activity

The determination of biological pesticide activity is
simultaneously performed using the distribution test of droplet size.
Two biological pesticide preparations of 2x10° CFU/mg of
Beauveria bassiana and 8000 1U/mg of Bacillus thuringiensis were
used. When spraying, the spray pressure was set to 0.25 MPa,
with the flow rate and speed selected being shown in Table 2.
After spraying, the liquid was collected with the petri dish. The
spray solution was set as the experimental group, and the solution
that had not passed through the nozzle was set as the control group.
The samples of the experimental group and the control group were
sent to the aseptic laboratory and cultured in the MIR-554-pc
constant temperature incubator of the Panasonic Company of Japan
as the pre-treatment of the detection test of the activity retention
rate.

When the activity retention rate of Bacillus thuringiensis was
detected, the sample liquid was diluted by 107, 10, and 107
gradients. The coating test was then carried out, and 100 uL of
the diluted drug solution was taken and uniformly coated with a
glass spatula. On the solid nutrient base, each dilution of every
sample was applied 3 times. After the application was evenly
applied, the petri dish was sealed with a sealing film, and the sealed
petri dish was placed in an incubator at 28°C for 16 h. The
germination of single colony was counted and performed. When
the activity retention rate of Beauveria bassiana was detected, the
10 uL sample was first dripped to the blood cell counting board, the
spore concentration of the sample was observed and calculated
under microscope, the dilution multiple was calculated with the
target concentration of 1.0x10° CFU/mL, the aseptic water was
added according to the calculated multiple, and the 10 uL of diluted
drug solution was detected by blood cell counter. After the spore
concentration reached 1.0x10°, the liquid nutrition (2% malt
leaching powder aqueous solution) was added proportionately.
The diluted liquid was dripped on the hydrophobic cover slide, and

the cover slide was put into a disposable petri dish and sealed. It
was then taken out after being cultured in an incubator at 24°C for
8 h, and observed under microscope. The number of germinating
spores and the activity retention rate were calculated.
2.3 Evaluation method
2.3.1 Evaluation of droplet distribution uniformity

In order to characterize the uniformity of droplet distribution,
the relative width S of droplet spectrum is usually expressed (such
as Equation (1))P®.  The laser particle size analyzer recorded the
collected data. Using Dyyg, Dysg, and Dyyqg, the relative width S of
the droplet spectrum of the nozzle can be calculated. The closer
the S is to 1, the closer the droplet size distribution is to the normal
distribution, that is, the more uniform the droplet distribution is.
— DV9O - DVIO

DV 50

2.3.2  Activity retention rate of Bacillus thuringiensis

In the experiment, the number of single colonies that were
germinated was observed after culturing the three gradients of 107,
102 and 107 gradients. The number of single colonies germinated
in a single petri dish was 40-100 and three gradients were selected,
where the most suitable gradient of them selected in the dilution
gradient was used to calculate the number of single colonies.
Through the experiment, it was found that the colony density was
best when the dilution gradient was 107, and the number of single
colonies in the sample was calculated. The number of single
colonies germinated in three replications of each sample was a;, a,,
and a3, as well as the germination of the control group. The
number of single colonies is CK;, CK,, and CKj.

S (M

The activity retention rate of Bacillus thuringiensis samples
was as follows:

a+a,+as
CK, + CK,; + CK,
2.3.3  Activity retention rate of Beauveria bassiana

In the experiment of the activity retention rate of Beauveria
bassiana, the droplets on the hydrophobic cover slide were
observed under 10x10 times microscope, and the visual field
(where the total number of spores were approximately 120 in the
five fields of vision) was picked up at about five positions in the
upper and lower parts of the droplets. The spore germination was
recorded as spore germination with the length of bud tube
exceeding the diameter of spores, and the number of spores
germinated in the five fields was by, b,, bs, by, and bs, whereas the
total number of spores in the five fields of vision were B, B,, B,
B4, and Bs.

The activity retention rate of Beauveria bassiana samples was
as follows:

h= @)

fi= b +b, +b;+b, +bs 3)
B, +B,+B;+ B, +Bs

3 Results and analysis

3.1 Speed calibration of blade rotary cage nozzle

Considering the performance of the rotary cage nozzle and the
safety of the test, the rotary speed of the nozzle exceeding 11 000
r/min would not be recorded. The values of speed measurement
are shown in Table 3.The data in table.3 are the condition
parameters corresponding to the experimental speed close to the
target speed (3000 r/min, 5000 r/min and 7000 r/min), and the
column of “experimental speed/target speed” in the table are used
to characterize the similarity between experimental speed and

target Speed. The condition parameters in the particle size
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distribution test and biological pesticide activity test of the rotary
cage nozzle are the same as Table 3.

Table 3 Test condition parameters at different rotary speeds

Target Experimental speed/  Blade Blade Wind

Nozzle speed Target speed length angle speed
/r-min’! 1% /mm /(°) /ms™!

3000 97.1 94 45 25.5

CYD-1 5000 102.3 68 45 33.8
7000 98.4 68 35 33.8

3000 103.7 94 45 25.5

CYD-2 5000 102.0 68 35 33.8
7000 99.3 94 35 33.8

3000 95.7 94 35 255

CYD-3 5000 107.3 68 25 33.8
7000 96.2 68 35 42.6

3.2 Analysis of particle size distribution of droplets

Table 4 presents the uniformity of droplet size distribution of
different nozzles at different flow rate and rotary speeds of Bacillus
thuringiensis, Beauveria bassiana, and water. Considering the
interactivity of the three influencing factors, 27 experiments were
performed for each medium. As can be observed from an analysis
of the data in Table 4, the average relative width S of the droplets
are close to 1 under the three medium conditions, indicating that
the rotary cage nozzle has good atomization effect on the three
media, and the droplet size distribution is uniform. In terms of the
average particle size of the droplets, the average droplet sizes of

water, Bacillus thuringiensis, and Beauveria bassiana were
198.08 um, 238.11 um, 214.05 um, which can be seen by
comparison the average droplet size of the biological pesticide is
significantly larger than the average droplet size of the water
droplets. Under the same conditions, the average particle size of
bacteria was larger than that of fungi, and under the same
parameters, with the increase of rotary speed or nozzle diameter,
the average particle size of droplets visibly decreased. This is
attributable to the fact that the increasing the rotary speed and
diameter will lead to the centrifugal force in the liquid, making the
impact force and the shear force of the airflow becomes larger
when the liquid reaches the net cage of the rotary cage nozzle,
causing the particle size of the droplet to be smaller. The
biological pesticide droplets of size less than 150 um are volatile
and poorly resistant to drift. Therefore, it is recommended that
the average volume of biological pesticide sprayed in aviation
operations should not be less than 150 yum. Through the analysis
of the experimental data, it can be seen that the droplet size
generated when the rotary speed of the rotary nozzle exceeds
7000 r/min will be too small, which does not meet the operation
The diameter of the rotary cage nozzle selected
The droplet size of the 105 mm nozzle

requirements.
should not be too large.
selected in this article is close to the critical value, and it is not
During the
spraying operation, because of the influence of the external

appropriate to choose a nozzle with a larger diameter.

environment, the spray pressure will be less than the 0.25 MPa by
the test set, and the droplet size will slightly increase.

Table 4 Droplet distribution parameters

Droplet size distribution relative to broadband S

Medium diameter of droplets size Dyso/um

Factor Value Test times
Water Bacillus thuringiensis ~ Beauveria bassiana Water Bacillus thuringiensis ~ Beauveria bassiana
Nozzle 105 27 1.352 0.899 1.579 163.03 190.9 181.22
diameter/ 85 27 1.404 1.07 1.806 197.95 2475 224.75
mm 65 27 1.478 1.108 2.086 233.26 275.92 236.19
4.4 27 1.478 1.048 2.002 196.21 236.78 213.64
Flow rate/

L-min! 10.5 27 1.403 0.958 2.086 197.76 238.13 213.38
11.1 27 1.42 0.899 1.991 200.28 239.41 215.15
Rotary 3000 27 1.187 0.899 1.744 276.62 350.25 291.11
speed/ 5000 27 1.403 1.22 1.801 179.12 213.43 196.96
rromm 7000 27 1.478 1.231 2.086 138.51 150.63 154.1

Table 5 Analysis of variance of multi-factor influence

Correction Nozzle Rotary

Source model Intercept diameter  speed Flow rate
Significance 0.000 0.000 0.000 0.000 0.926
partial Eta Squared 0.700 0.995 0.293 0.657 0.003

In order to explore the influence of the above variables on the
uniformity of droplet size distribution, the multivariate ANOVA
based on SPSS software was used to test the inter-subject effects of
the relative width S of the droplet spectrum. From the analysis
results in Table 5, it can be determined that the significance value
of the rotary speed and the nozzle diameter is 0, which is less than
0.05, denoting that the rotary speed and nozzle diameter have a
significant influence on the droplet size. The significance value
of the flow rate is 0.926, which is significantly greater than 0.05,
indicating that the flow rate has no significant effect on the
uniformity of droplet size distribution.
metrics of efficient estimations to partial Eta squared, the partial
Eta squared of the rotary speed is the largest, the partial Eta
squared of the nozzle diameter is the second largest, and both pass

Comparing the estimated

the significance test.
0.003, and the significance test was not passed. Therefore, it can
be concluded that the
experiment on the uniformity of the droplet size distribution is

The partial Eta squared of the flow rate is
influence of the variables set in the

rotary speed> nozzle diameter > flow rate, while the flow rate has
little effect on the uniformity of droplet size distribution.

In summary, it can be determined that the degree of influence
on the uniformity of particle size distribution of biological pesticide
droplets is: rotary speed > nozzle diameter > flow rate.

3.3 Analysis of the effect of activity retention rate

A sample of Bacillus thuringiensis was cultured for 8 h, as
shown in Figure 4. Figure 4 presents three biological replications
of the same sample, and the activity retention rate of Beauveria
bassiana was calculated by counting the number of single colonies
a; (i =1, 2, 3) on the culture medium and the number of single
colonies (CK;, CK,, and CK;) in the control group. One of the
Beauveria bassiana samples cultured for 16 h are shown in Figure
5. Figure 5 depicts the electron microscopic images of five
random visual fields observed under electron microscope after the
sample was cultured. The average activity retention rate of the
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sample was calculated by counting the number of germinated
spores b; (i=1, 2, 3, 4, 5) and the total spore number B; (i=1, 2, 3,
4,5). The average activity retention rate of Bacillus thuringiensis

a.a; =108

b.a;=126

samples was 91.7% (CK; = 120, CK, = 131, CK;3 = 124). The
average activity retention rate of Beauveria bassiana samples was
89.9%.

c.az=110

Figure 4 Average germination rate of the Bacillus thuringiensis sample

a.b =118, B;=134 b. b,=124, B,=139

c. b3=125, B3=137

d. b4=105, B4=119

e.bs=131, Bs=142

Figure 5 Average germination rate of the Beauveria bassiana sample

The average activity retention rate is shown in Table 6. The
data in Table 6 indicates that the average activity retention rate of
Bacillus thuringiensis was 88.83%, the lowest was 83.52%, and the
highest was 92.82%; and the average germination rate of Beauveria
bassiana was 89.80%, the lowest was 84.59%, and the highest was
97.79%. The germination rate of Beauveria bassiana was slightly
higher than that of Bacillus thuringiensis as a whole.

Table 6 Average germination rate

Biological pesticide activity retention rate/%

Factor Value TeSt Bacillus thuringiensis ~ Beauveria bassiana
times
Max Min Max Min
105 27 92.82 86.34 97.79 87.61
Nozzle
diameter/ 85 27 91.7 85.8 93.18 85.92
mm 65 27 90.28 86.23 9195  84.59
4.4 92.82 83.52 92.55 87.04
Flow rate/ 27
) 10.5 27 91.67 86.52 92.4 84.67
L-min 27
11.1 91.7 85.8 97.79 84.59
R 3000 27 92.82 86.58 93.18 90.29
otary
speed/1 5000 27 91.2 86.23 97.79 86.27
rmince 7000 27 89.28 83.52 9123 8459

In addition, the activity retention rate of biological pesticides
noticeably decreased with the decrease of nozzle diameter or the
increase of rotary speed. This is due to the decrease of nozzle
diameter or the increase of rotary speed leading to the
instantaneous pressure and airflow cutting force of biological
pesticides in vivo, resulting in the destruction of bacterial structure
and the decrease of germination rate.

In order to explore the influence of several variables set in this
paper on the activity retention rate of Bacillus thuringiensis, the
data were tested for inter-subject effects. The results are
presented in Table 7.
of the flow rate was 0.640, the significance level of the nozzle
diameter was 0.257, and none of them passed the significance test.

In the main effect test, the significance level

Through the significance test, the significance level of the rotary
speed was 0.02, which is less than 0.05. Only the rotary speed
was significantly affected by the activity retention rate of Bacillus
thuringiensis. Compared with partial Eta squared, it can be
observed that the order of influence of several factors on the
activity retention rate of Bacillus thuringiensis is as follows: rotary
In the main effect test of the

germination rate of Beauveria bassiana, the partial Eta squared of

speed > nozzle diameter > flow rate.

the nozzle diameter was 0.063, which was greater than 0.05; the
partial Eta squared of the flow rate was 0.808, which was greater
than 0.05; and none of them passed the significance test. The
partial Eta squared of the rotary speed was 0.01, which was less
than 0.05, reaching an extremely significant level.

Table 7 Analysis of variance of multi-factor influence

. Correction Nozzle Rotary  Flow
Source medium Intercept .

model diameter  speed rate

Bacillus 614 0000 0257 0002  0.640
thuringiensis
Significance .

Beauveria 4004 0000 0063 0001 0.808
bassiana

Bacillus o550 1000 0127 0472 0044
Partial eta  thuringiensis
squared i

1 Beauveria o 569 1000 0241 0522 0.021
bassiana

By comparing the activity retention rate of Bacillus
thuringiensis and Beauveria bassiana, it can be understood that the
activity retention rate of Beauveria bassiana is higher than that of
Bacillus  thuringiensis under the same condition. This is
attributable to the fact that although the bacteria have the same cell
wall structure as fungi, the constituent material of the cell wall is
different. The peptidoglycan cell wall of bacteria is more
vulnerable to damage, leading to the difference of activity retention
rate between the two biological pesticides under the same
conditions. From the above comprehensive analysis, it can be
determined that the rotary speed has a significant effect on the
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activity retention rate of biological pesticides and is negatively
correlated.

4 Conclusions

From the perspective of uniformity distribution of droplet size
and biological pesticide activity retention rate, the droplet particle
size distribution and activity retention rate tests were carried out by
spraying the different kinds of biological pesticides at different
flows and rotary speeds by using rotary cage nozzles with different
structure sizes. The results are as follows:

1) The average relative width S of the droplets spectrum of the
rotary cage nozzle was close to 1, and the droplets were evenly
distributed. The important influence factors on the particle size
distribution of biological pesticide droplets were as follows in the
descending order: rotary speed, nozzle diameter, medium, and flow
rate. The rotary speed, nozzle diameter, and medium had a
significant influence on the droplet size distribution, whereas the
flow rate had no significant effect.

2) The flow rate and nozzle diameter had no significant effect
on the activity retention rate of bacterial and fungal biological
pesticides, but the rotary speed had a significant effect on the
activity retention rate of bacterial and fungal biological pesticides,
and it was negatively correlated: the higher the rotary speed, the
lower the activity retention rate. From the angle of improving the
activity retention rate of biological pesticides, it is suggested that
the recommended working speed should be selected between
3000-5000 r/min.

3) Under the same conditions, the activity of fungal
bio-pesticides is higher than that of bacterial bio-pesticides, which
is mainly caused due to differences in cell structure. From the
perspective of improving the control effect of bio-pesticides, fungal
biological pesticides are preferred under the same working
conditions.
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