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Abstract: To investigate an effective physical pest control method for tea trees, we designed and
manufactured a suction-based pest-capture machine (hereafter labeled the “pest vacuum”) and
conducted a test and field experiment to evaluate its effectiveness in the control of Empoasca vitis
Göthe (E. vitis). Based on the proposed model, the minimum practical air velocity of the pest vacuum
was 5.85 m s−1. The field experiment included two treatments and a blank control. In treatment 1,
we used the pest vacuum along tea trees only once, while in treatment 2, the pest vacuum was used
along trees twice, separately, in 2 consecutive periods, and with an interval of more than 30 min.
The results show that a highly significant difference arose among the dropping rates of the two
treatments and the blank control instantly after suction, a significant difference among the dropping
rates 7 days later, and no significant difference 14 days later. The dropping rate and the effective
rate of prevention of treatment 2 reached 81.87% and 80.60% instantly after suction. Moreover, the
effective rate of prevention of nymphs was slightly higher than that of adults. Overall, the pest
vacuum had a prominent, albeit short-term, effect on the control of E. vitis. Seven days after the
suction, it is better to repeat the suction five days after the first suction. The pest vacuum provides a
valid physical method for pest control, so more attention should be paid in future investigations to
reducing the weight and working noise of the pest vacuum.

Keywords: pest control; tea garden; modeling; design; Empoasca vitis Göthe; field experiment

1. Introduction

Pests pose great risks to agricultural production worldwide. The tea plant, for example,
is highly vulnerable to and a common target of the insect pest Empoasca vitis Göthe (E. vitis).
The nymphs and adults of E. vitis suck the sap of tender tea shoots, seriously affecting the
tea quality and yield [1]. Insect pest control is a vital procedure in the agricultural industry,
and its methods include agricultural control, chemical control, biological control, and
physical control. Chemical control plays a key role in achieving a high agricultural yield
owing to its low cost and effective pest control compared with other methods. However,
chemical pest control has an adverse effect on the ecological environment, threatening food
security, human health, and environmental safety. Modern physical control technologies
break through the traditional patterns of pest control and production, which reduces the
application of chemical pesticides and effectively avoids environmental pollution, ensuring
ecology and food security, and promoting the economic benefits of agriculture [2]. Thus,
physical technology for pest control has become a modern agricultural development trend.

Although chemical pesticide is still the main pest control method, many physical
technologies for pest control have been investigated and applied to agriculture, including
new physical technologies. Bian et al. [3] applied colored sticky card traps to monitor and
capture yellow tea thrips in the garden. Moreover, De Guzman et al. [4] used olfactory
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cues as visual stimuli to trap the beetle Aethina tumida Murray (Coleoptera: Nitidulidae).
Marco et al. [5] applied UV LEDs as light sources for trapping macro-moths (Lepidoptera).
Salehi et al. [6] used ultrasonic signals to study the Mediterranean flour moth and the
repellency and biological effects of various ultrasonic signals with different frequencies
and wave shapes on adults, larvae, and pupae of the pest. They found that ultrasound
signals in the frequency range 43–45 kHz and the Sin (x) or Cos (x) wave shape had the
greatest deterrent effects on the moths. Keller et al. [7] examined the use of short (<25 ms)
laser pulses to kill or disable anesthetized female Anopheles stephensi mosquitoes, and the
green and far-infrared wavelengths were found to be more effective than the near- and
mid-infrared wavelengths. Moreover, Liao et al. [8] used a push–pull inset removal fan to
reduce the population quantity of E. vitis. Xiang et al. [9] reported that bud green, olive
green, and yellow boards had a significant trapping effect on the larvae and nymphs of
E. vitis. As reported by Luo et al. [10], black light, electric light, and a frequency trembler
grid lamp could be used to effectively trap tea pests. Mazzoni V. et al. [11] conducted
dynamic analyses for the optimization of a pest control system based on vibrations.

In addition, the application of computer vision and artificial intelligent technologies
in pest management has been investigated more in recent years. Image-processing and
CNN technologies have been widely used in pest recognition. For example, Wen et al. [12]
investigated the image recognition of navel orange diseases and insect pests based on
compensatory fuzzy neural networks. Wu et al. [13] used the SVM method to classify
leaf-miner-infected leaves. In addition, Wu et al. [14] constructed a visualization domain-
specific knowledge graph of crop diseases and pest fields with deep-learning technology.
Wen et al. [15] conducted multi-fractal analysis of Fourier transform spectra to recognize
citrus fruit insects. Zhao et al. [16] investigated an image recognition method for cotton
pests based on transfer learning. Wang et al. [17] forecasted a cotton pest disaster with an
adaptive discriminant deep-belief network. Furthermore, Zhao et al. [18] established a pest
information collection system for cotton based on mobile GIS. Zhou et al. [19] investigated
an electronic nose for cotton pest detection. Yao et al. [20] have designed an image collection
and diagnosis system for agricultural diseases and pests with distributed and mobile
devices. Hadipour-Rokni, R., et al. [21] detected the citrus fruit pests using a machine
vision system and convolutional neural network through the transfer-learning technique.

Although widely used, the abovementioned physical technologies for pest control
cannot be applied in all situations; for example, they cannot be effectively used in capturing
E. vitis and tea geometrids, the main pests in tea gardens. Similarly, the application of
computer vision and artificial intelligent technologies in pest management is still in the
research stage.

Therefore, the objective of this study was to design a pest vacuum with a negative-
pressure fan to control E. vitis in a tea garden. The rest of this paper is structured as follows.
First, the structure and principles of the pest vacuum are introduced in Section 2. Section 3
details the parameter test carried out. In Section 4, the method and procedures for a field
experiment in a tea garden are introduced. In Section 5, the results are provided and
analyzed. Section 6 provides a discussion and conclusion.

2. The Principle and Structure of the Pest Vacuum
2.1. Structure and Principle

The main principle of the proposed insect-trapping device is vacuum adsorption, and
its main component is a spiral flow fan by which a vacuum space is formed. The vacuum
produces suction to capture the pests.

As shown in Figure 1, the pest vacuum mainly comprises a gasoline engine (power:
2.8 kW), a spiral flow fan (power: 800 W), a piece of housing, a suction port, and a vent.
The suction port is coaxial with the fan, and the vent is tangent to the outline of the fan.
Connected to the suction port is a flexible pipe. The suction port starts off circular and
tends to become oblate at the end, where the flow pressure increases dramatically.



Agriculture 2024, 14, 964 3 of 13

Agriculture 2024, 14, x FOR PEER REVIEW 3 of 13 
 

 

The suction port is coaxial with the fan, and the vent is tangent to the outline of the fan. 
Connected to the suction port is a flexible pipe. The suction port starts off circular and 
tends to become oblate at the end, where the flow pressure increases dramatically. 

 

  
(a) (b) 

Figure 1. The structure of the pest vacuum. Note: 1 back rack, 2 handlebar, 3 flame rollout switch, 
4 vent connector, 5 lathe dog, 6 collection bags, 7 housing, 8 gasoline engine, 9 accelerator flexible 
shaft, 10 accelerator switch, 11 suction port, 12 suction pipe, 13 flexible suction pipe, 14 connection 
pipe, 15 top cover. (a): Front view; and (b): vertical view. 

The principle of this pest vacuum is as follows. (1) When the fan blades spin at high 
speed, the air in the fan cavity is compressed and pushed out via the vent, and a nega-
tive pressure cavity is produced in the fan cavity. (2) Because of the differential pressure 
between the fan, which links to the air outside with the suction port, wind forms from 
outside to inside, which exerts a suction force on the target pest. (3) The pest collides 
with the high-speed spinning fan blades after being sucked into the fan, dying in the col-
lision owing to the impact force. (4) The killed pest is then flushed out through the vent 
to the mesh bag, terminating the process. 

2.2. Suction Mechanism 
No relevant research has been performed on the aerodynamic behavior of the E. vi-

tis’s flight. The force between the E. vitis and the tea surface is difficult to quantify, so the 
calculation of the suction force, by which the E. vitis is sucked into the fan inside the 
machine , is simplified here. We take the E. vitis as a particle, in which the reaction force 
between the E. vitis and the tea leaf is neglected. Hence, the E. vitis is subjected to gravity 
and the suction force during suction. If only the suction force is greater than the gravity, 
the E. vitis’s suction will be successful. Therefore, the suspended velocity of the E. vitis 
can be calculated as follows: 

𝑣𝑣𝑡𝑡 = �
2𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑔𝑔
𝐶𝐶𝑑𝑑𝜌𝜌𝑆𝑆𝑖𝑖

 (1) 

where 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 is the maximum mass of the E. vitis, kg; g is the gravity acceleration, m s−2; 
𝐶𝐶𝑑𝑑 is a constant resistance, N; 𝜌𝜌 is the air density, kg/m3; and 𝑆𝑆𝑖𝑖 is the maximum pro-
jection area of the E. vitis along the flight direction. 

In practice, the air velocity should be extended with the air coefficient, yielding the 
practical velocity that the pest vacuum should have: 

𝑣𝑣 = 𝑘𝑘𝑣𝑣𝑡𝑡  (2) 

where k is the air velocity coefficient, and its value is 1.2, as in Wang’s work [22]. Other 
parameters were determined with some tests, as shown in Table 1. The weight was test-

Figure 1. The structure of the pest vacuum. Note: 1 back rack, 2 handlebar, 3 flame rollout switch,
4 vent connector, 5 lathe dog, 6 collection bags, 7 housing, 8 gasoline engine, 9 accelerator flexible
shaft, 10 accelerator switch, 11 suction port, 12 suction pipe, 13 flexible suction pipe, 14 connection
pipe, 15 top cover. (a): Front view; and (b): vertical view.

The principle of this pest vacuum is as follows. (1) When the fan blades spin at high
speed, the air in the fan cavity is compressed and pushed out via the vent, and a negative
pressure cavity is produced in the fan cavity. (2) Because of the differential pressure
between the fan, which links to the air outside with the suction port, wind forms from
outside to inside, which exerts a suction force on the target pest. (3) The pest collides with
the high-speed spinning fan blades after being sucked into the fan, dying in the collision
owing to the impact force. (4) The killed pest is then flushed out through the vent to the
mesh bag, terminating the process.

2.2. Suction Mechanism

No relevant research has been performed on the aerodynamic behavior of the E. vitis’s
flight. The force between the E. vitis and the tea surface is difficult to quantify, so the
calculation of the suction force, by which the E. vitis is sucked into the fan inside the
machine, is simplified here. We take the E. vitis as a particle, in which the reaction force
between the E. vitis and the tea leaf is neglected. Hence, the E. vitis is subjected to gravity
and the suction force during suction. If only the suction force is greater than the gravity,
the E. vitis’s suction will be successful. Therefore, the suspended velocity of the E. vitis can
be calculated as follows:

vt =

√
2mmaxg
CdρSi

(1)

where mmax is the maximum mass of the E. vitis, kg; g is the gravity acceleration, m s−2; Cd
is a constant resistance, N; ρ is the air density, kg/m3; and Si is the maximum projection
area of the E. vitis along the flight direction.

In practice, the air velocity should be extended with the air coefficient, yielding the
practical velocity that the pest vacuum should have:

v = kvt (2)

where k is the air velocity coefficient, and its value is 1.2, as in Wang’s work [22]. Other
parameters were determined with some tests, as shown in Table 1. The weight was
tested directly, and the maximum projection area was calculated based on the size and the
structure of the E. vitis.
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Table 1. Main aerodynamic parameters.

Parameters mmax/kg g/(m s−2) Cd k ρ/kg m−3 Si/m2

Value 3.4 × 10−5 9.8 0.6 1.2 1.3 1.8×10−5

While the pest vacuum was working, the E. vitis would be disturbed and fly; hence,
these pests were sucked in the flying state. Therefore, the maximum projected area is
defined as the area projected vertically from the back of the small green leafhopper when
its wings are fully opened. The calculating model is shown in Figure 2, where the main
body structure parameters are the head diameter and body length (i.e., d and h). The main
parts of the E. vitis that affect the projection are the body and wings. Here, we assume
that the wing has approximately the same area as the body and that they are simplified
as rectangular with the width of the head diameter (d) and the length of the body length
(h). Therefore, the whole area can be calculated as the model shown in Figure 2d, which
models the area as a rectangle with a width and length of three times d and h, respectively.
The amateur E. vitis, through testing, yielded d = 2 mm, h = 3 mm. Consequently, the whole
projected area is 1.8 × 10−5 m2.
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Therefore, the practical air velocity can be calculated from Equations (1) to (2) with
those parameters, yielding v = 1.2 × 4.875 = 5.85 m/s. That is, the minimum air velocity
should be more than 5.85 m/s so that the E. vitis can be captured.

3. Test for Parameters

The main parameters of the pest vacuum are the pressure, flow velocity, and noise,
which have a direct effect on both pest control and use comfort. Therefore, it was neces-
sary to test these parameters of the pest vacuum to assess whether they meet the design
requirements and to then comprehensively choose one set of optimal parameters. All these
parameters were decided by opening the accelerator, so the set of optimal parameters
corresponded to an optimal accelerator opening. The ranges of the three parameters were
tested under three states of accelerator opening: maximum, median, and minimum.

3.1. The Pressure Test

The suction force for pests is mainly decided by the pressure. Theoretically, the higher
the pressure, the better the pest control effect, but high pressure can also damage the tea
shoot. Thus, the pressure cannot be too large for a vacuum. We set out to determine the
optimal value. We tested the pressure in the laboratory with a mini pressure measure
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apparatus, which has a mini wind tunnel (diameter: φ80 mm) and a U-shaped pipe, from
which we read the pressure value (see Figure 3). The procedure was as follows: (1) connect
the suction port of the pest vacuum to the entrance of the mini wind tunnel, (2) fill the
transparent U-shaped pipe with room-temperature water, (3) start the pest vacuum, and (4)
read the pressure from the dial gauge when the engine starts to run normally. The pressure
test was conducted under three states of the accelerator of the engine: maximum, median,
and minimum. The result is shown in Table 2. The differential pressure was 2050 Pa when
the accelerator was set to the maximum, while it changed to 1400 Pa when the accelerator
was set to the minimum.

Figure 3. Pressure test. Note: 1 denotes the pest vacuum, 2 denotes the air hose, 3 denotes the
U-shaped tube for reading static pressure, 4 denotes the U-shaped pipe for reading differential
pressure, and 5 denotes the pipe fitted with a Venturi nozzle, which is connected to the export of the
pest vacuum.

Table 2. Main functional parameters of the pest vacuum.

States of Accelerator Differential Pressure/Pa Static Pressure/Pa Flow Speed/m/s Noise/dB

Maximum 8310/6260 7050/6280 7.7 81
Median 8210/6060 7750/6990 6. 2 70

Minimum 7980/6580 7640/6770 3.5 62
Mean 8167/6300 7480/6680 5.8 71

Based on the test date, we recommend the median opening of the throat as a moderate parameter value while working.

3.2. Flow Velocity Test

The flow velocity is proportional to the pressure once the diameter of the vent has
been designed. We tested the flow velocity with a portable anemograph under three states
of the accelerator of the engine. We positioned the anemograph 10 cm away from the flow
outlet. The result is shown in Table 1. The maximum flow velocity was 7.7 m s−2 when the
accelerator was set to the maximum value, the minimal flow velocity was 3.5 m s−2 when
the accelerator was set to the minimum value, and the medium one was 6.2 m s−2 when
the accelerator was set to the middle position. While the accelerator was set to the middle
position, the pest vacuum would work.

3.3. Noise Test

Noise is one of the main indexes for agricultural machinery. It should be under 90 dB,
which is the upper limit of the safe noise scope for users, according to the provisions of
agricultural machinery standards. Therefore, the noise was tested with a portable noise
meter. We tested the noise from four positions separately: front, back, left, and right of
the pest vacuum. Moreover, the noise meter was positioned 1 m away from the center of
the pest vacuum. The result is shown in Table 2. The maximum noise was 81 dB when
the accelerator was set to the maximum, while the minimum noise was 62 dB when the
accelerator was set to the minimum.
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4. Experiment

The field experiment for pest control was conducted with two treatments and a blank
control separately in a tea garden in June 2023. The three treatments were the same as in
the test experiment. The target pest was E. vitis.

4.1. Pest Vacuum Parameters

The pest vacuum’s main technical parameters include the physical size, weight, and
working performance. All these parameters are shown in Table 3.

Table 3. Main technical parameters of the pest vacuum.

Engine Four-Stroke Gasoline Engine/KM139F

Breadth (mm) 300
Size (mm) 500 × 400 × 400

Width of suction port’s end edge (mm) 250
Diameter of the suction pipe (mm) 110

Weight (kg) 6.5
Working performance (hectare/h) 0.2–0.33

4.2. Experimental Plot

A mature tea garden was chosen as the experimental field, which is located in Jurong
City, Jiangsu Province. The tea trees are ten years old and planted in strips. To test exactly
how the pest vacuum works, no other pest control measures were applied to the garden.

4.3. Pest Counting Method

Here, we adopted the tap-basin method that was widely used in plant protection
experiments [23]. To be specific, a basin was placed underneath the crown and the crown
was tapped three times with the hand [24]. Then, the number of E. vitis specimens remaining
in the basin was counted as soon as possible. It was better to use a counter to avoid
miscounting numbers. Also, a bright light was needed when the test was conducted near
or in the evening.

4.4. Experimental Region

Three experimental plots were marked in the selected tea garden, to which two
treatments and a blank control were applied. Every experimental plot included at least
10 tea tree rows, each 30 m long. Three tea tree rows existed between each plot, which were
taken as a barrier strip to diminish the mutual effects between adjacent plots.

4.5. Experimental Treatment

The experiment included two treatments and a blank control, denoted as treatment
1, treatment 2, and blank. In treatment 1, the insect catching was carried out on the plot
with the pest vacuum just once. Two appropriate periods were employed to implement the
experiment. The first one was in the early morning, after the dew had dried up; the other
one was at dusk. E. vitis is active during these periods, which is beneficial to insect catching.
During suction, the suction port scanned the whole surface of the tea tree’s canopy (see
Figure 4) in sequence at a speed of 0.3 m/s, the top first and then the side face. The distance
between the suction port and tea leaf had to be less than 3 cm. It is better to suck while
slapping the tea tree crown with the other hand in order to dislodge the pest from the
crown, which is good for catching pests. In treatment 2, the insect catching was carried
out twice, separately, in two consecutive appropriate periods. If the first insect catching
had been fulfilled in the morning, then the second one was performed at dusk; otherwise,
if the first insect catching had been fulfilled at dusk, then the second one was performed
the next morning. The procedure and technical requirements for suction operation are the
same as in treatment 1. No pest control measure was applied to the blank control plot. The
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experiments for all the treatments were conducted in the same period. Each treatment plot
was labeled for later statistical purposes.

Figure 4. Field experiment.

4.6. Data Acquisition

We chose five random test sites in every plot, and we counted the quantity of E. vitis
repeatedly on each chosen site from three different random points. The counting was
conducted four times in total. The first counting was conducted before suction to survey
the population base of E. vitis; the second one, as soon as possible after suction (after the
second suction in treatment 2); the third one, 7 days after the last suction; the fourth one,
14 days after the treatments.

4.7. Data Processing

Taking the initial data (population quantity) into Equations (3) and (4) separately, we
could obtain a yield-dropping rate of E. vitis and a revised effective rate of preventing
E. vitis on the tea leaf:

D =
B − N

B
× 100% (3)

where D denotes the dropping rate of E. vitis, B denotes the population base of E. vitis, and
N denotes the counted population quantity at the site after prevention and control.

E =
Nc × Bd
Nd×Bc

× 100% (4)

where E denotes the revised effective rate of prevention, Nc denotes the counted population
quantity in the treatment plot after prevention and control; Nd denotes the counted popula-
tion quantity in the blank control plot after the prevention and control on the treatment
plot being conducted; Bc denotes the population base of E. vitis in the treatment plot; and
Bd denotes the population base of E. vitis in the blank control plot.

5. Results

To study the control effects of the pest vacuum and determine the proper usage, the
experiment was carried out from 18 July to 3 August 2023 in a tea garden in Ju Rong City,
Jiangsu, China. According to the procedure and methods mentioned in Section 4, the
experiment data were acquired (Table 4). In the experiment, adult E. vitis and nymphs were
counted individually.
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Table 4. Experimental data.

Treatment Site Repetition
Population Base

Population Quantity in the Site after Prevention and Control

After Suction 7 d 14 d

Adult Nymph Adult Nymph Adult Nymph Adult Nymph

Treatment 1

1
1 13 6 3 0 13 2 7 1
2 14 13 2 0 6 0 6 2
3 12 9 5 2 8 1 6 1

2
1 12 7 4 1 7 3 5 1
2 14 6 5 1 12 5 6 0
3 9 5 7 0 13 2 3 3

3
1 8 10 2 2 6 9 8 1
2 16 9 2 0 8 5 9 1
3 10 6 3 0 24 4 16 1

4
1 19 7 2 1 19 5 7 0
2 14 6 1 1 15 5 6 2
3 13 4 3 2 19 2 2 1

5
1 11 4 3 2 4 3 3 2
2 12 7 4 3 11 1 4 0
3 23 5 5 1 9 4 4 0

Mean 13.33 6.93 3.4 1.07 11.6 3.4 6.13 1.07

Treatment 2

1
1 12 7 2 2 5 1 2 0
2 13 5 2 0 5 0 5 1
3 11 9 3 0 3 0 4 1

2
1 12 6 5 1 15 2 6 1
2 14 7 3 8 14 1 7 1
3 11 5 2 0 4 2 2 0

3
1 11 4 2 0 10 4 4 0
2 13 6 4 1 10 8 10 1
3 10 8 1 1 17 3 9 0

4
1 14 5 2 1 6 2 3 1
2 15 4 2 3 6 3 4 1
3 12 7 1 0 5 1 12 0

5
1 16 8 1 0 6 4 14 3
2 13 6 1 0 6 4 6 0
3 14 7 3 1 6 0 10 1

Mean 12.73 6.26 2.27 1.2 7.87 2. 3 6.53 0.73

Blank control

1
1 13 4 8 3 6 2 10 0
2 8 5 8 2 7 3 4 0
3 9 3 11 2 5 2 3 0

2
1 8 3 11 3 16 6 4 0
2 8 6 8 3 8 2 4 3
3 8 4 12 2 15 5 6 1

3
1 11 3 7 7 4 4 18 3
2 11 2 12 1 2 2 3 1
3 15 2 9 3 20 7 12 2

4
1 13 4 12 4 13 7 8 2
2 14 5 10 6 17 4 6 1
3 13 6 16 2 9 2 8 0

5
1 14 8 12 5 12 4 8 0
2 15 4 11 7 14 3 6 1
3 10 2 25 9 9 3 6 0

Mean 11.33 4.06 11.47 3.93 10.47 3.73 7.07 0.93
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Based on the experiment data, both the dropping rate and the effective rate of preven-
tion could reach a high level and then decrease. As shown in Table 5, a highly significant
difference was observed among the dropping rates of the two treatments and the blank
control instantly after suction, a significant difference was seen among the rates 7 days
later, and no significant difference was seen 14 days later. It can be seen from Figure 5a
that the dropping rate of treatment 1 and treatment 2 reached 77.43% and 81.87%, respec-
tively, instantly after suction; they decreased to 21.92% and 45.28% 7 days later, but they
rebounded to 62.79% and 62.73% after 14 days. Thus, the effect of treatment 2 was better.
Its dropping rate was only 13%–17% less than that of the chemical control (3% acetamiprid
EC 1 500-times dilution) compared with the test results from Xu et al. [25], 3.75% higher
than the push–pull inset removal fan (physical control) compared with the test results
of Liao et al. [8], and 26.27% less than that of yellow boards (physical control) compared
with the test results of Xiang et al. [9]. From Figure 5b, we can also see that the effective
rate of prevention of treatment 1 and treatment 2 reached 77.09% and 80.60%, respectively,
instantly after suction, and then the rates decreased sharply to 2.12% and 25.49% 7 days
later. The control effective rate of prevention in treatment 2 was 30% higher than that of
strain LL27 (biological control) compared with the results of the field test conducted by
Zhan [26].

Table 5. Variance analysis of the dropping rate.

The Dropping Rate SS DF MS F p

The dropping rate
after suction

Between column 7.140 2 3.570 34.779 0.000
Interclass 4.311 42 0.103

Total 11.452 44

The dropping rate
7 days later

Between column 1.191 2 0.595 3.742 0.032
Interclass 6.683 42 0.159

Total 7.874 44

The dropping rate
14 days later

Between column .225 2 0.112 1.930 0.158
Interclass 2.443 42 0.058

Total 2.667 44
Note: The level of probability of a significant difference p < 5%.

Figure 5. Prevention and control effect of E. vitis. (a): The dropping rate of E. vitis. (b) The revised
effective rate of prevention.

To investigate the control effect on nymphs, we conducted an analysis confined to
nymphs. Similarly, a high significant difference among the dropping rates of the two
treatments and the blank control instantly after suction, a significant difference among the
rates 7 days later, and no significant difference in rates 14 days later were observed, as
shown in Table 6. It can be seen from Figure 6a that the dropping rate of treatment 1 and
treatment 2 reached 84.62% and 80.85%, respectively, instantly after suction; it decreased
to 50.96% and 62.77% 7 days later. However, it rebounded to 84.62% and 88.30% after
14 days, for a natural decline. From Figure 6b, the effective rate of prevention of treatment
1 and treatment 2 reached 84.09% and 80.20%, respectively, instantly after suction; then,
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it decreased sharply to 46.58% and 59.44% after 7 days. Comparing Figure 6a,b with
Figure 5a,b, both the dropping rate and the effective prevention rate of nymphs were
slightly higher than those of adults.

Table 6. Variance analysis of the dropping rate (nymph).

The Dropping Rate SS DF MS F p

The dropping rate
after suction

Between column 9.651 2 4.826 11.113 0.000
Interclass 18.237 42 0.434

Total 27.888 44

The dropping rate
7 days later

Between column 1.191 2 0.595 3.742 0.032
Interclass 6.683 42 0.159

Total 7.874 44

The dropping rate
14 days later

Between column 0.225 2 0.112 1.930 0.158
Interclass 2.443 42 0.058

Total 2.667 44
Note: The level of probability of a significant difference p < 5%.

Figure 6. Prevention and control effect for E. vitis (nymph). (a): The dropping rate of E. vitis (nymphs).
(b): The revised effective rate of prevention (nymphs).

The above results show that the pest vacuum had a very good effect on the control of
E. vitis, with the dropping rate instantly after suction exceeding 80%.

6. Discussion and Conclusions

The above results show that the pest vacuum had a prominent effect on the control
of E. vitis; the dropping rate instantly after suction exceeded 80%, although it decreased
afterward. The facts show that our simplification and assumption of the suction force are
reasonable and effective.

Although the pest vacuum could not achieve an effect as good as that of chemical
control, it was more effective than agricultural, biological, and traditional physical control
methods, such as insect-attracting boards and frequency trembler grid lamps. Different
from pesticides’ long-lasting killing, our control method only killed pests while the pest
vacuum was working. Then, the uncaptured pests might multiply and the pests from an
adjacent area might migrate to this experimental plot, leading to a decrease in the dropping
rate. The revised effective rate of prevention decreased from 80.6% instantly after suction
to 25.49% 7 days later.

Furthermore, the pest vacuum had a more prominent effect on the control of E. vitis
nymphs. The maximum of the dropping rate instantly after suction reached 84.62% and
increased by 3.25% compared with the general dropping rate of E. vitis. Moreover, 7 days
after the suction, the maximum of the dropping rate could still reach 62.77%, which is
17.49% higher than the general dropping rate. The revised effective rate of prevention of
nymphs declined but still remained at 59.44% 7 days later, which is 33.95% higher than the
general dropping rate. The reason for this phenomenon may be that some adult E. vitis
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were disturbed and thus fled to the adjacent plot area while the pest vacuum was working.
Then, the captured pests included some adult pests and most pests. After suction, the
adult pests from an adjacent area migrated gradually back, so the adult E. vitis quantity
began to increase. Still, they could not multiply in a short period, so the nymph quantity
remained low.

The results indicate that the pest vacuum had a prominent effect on the control of
E. vitis but that this control was short-term. Seven days after the suction, the revised
effective rate of prevention can be expected to decrease sharply to about 25%. Therefore, it
is better to perform suction again 5 days after the first suction.

Based on the experiment, we found that the pest vacuum’s pressure and flow velocity
should be limited. Although it is true that the higher the pressure and flow velocity, the
more insects are captured, the tender tea shoots tend to be destroyed when the flow velocity
exceeds 10 m/s. In addition, not all the insects should be wiped out, some of which are
beneficial for tea trees for they are fed on some pests. It is one of the reasons that the
flow speed and vacuum pressure were limited to a certain scope. The pest vacuum only
has to act on the pests that have the same body shape and flight characteristics as E. vitis.
Although Agelena Labyrinth, the natural enemy of E. vitis, is about the same size as E. vitis,
it cannot fly; therefore, the machine has little effect on this natural enemy.

Another factor affecting the performance of the machine is the noise from the engine.
Firstly, the noise would disturb pests, driving them to fly into the air. This phenomenon affects
the machine in two opposite ways. On the one hand, the moderate noise makes it easy for the
machine to capture pests, because the pests flying in the air are easier to catch. On the other
hand, if the noise is too loud, the pests would fly in advance of the machine arriving, resulting
in no pests being left for capture. Secondly, the operator’s tolerance to noise should be taken
into consideration. It is harmful to human health to be exposed to too much noise for a long
period. Therefore, it is wise to choose a proper engine for the pest vacuum. We found that a
compromise noise value should be confined to the range of 5080 dB.

In this research, an effective pest vacuum was investigated to provide a valid physical
method for pest control, although the pest vacuum has two limitations. First, the pest
vacuum should be behind the operator’s back while working, which involves intensive
labor, especially after a long operating routine. Second, the pest vacuum’s working noise is
relatively high, which may make the operator uneasy after several hours and also has a
bad effect on the capture effect. Fortunately, these two limitations are solvable, although
they should be paid more attention in future investigations.
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