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Simple decision-making model for orchard air-assisted spraying airflow
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Abstract: Airflow speed is one of the three factors of air-assisted spraying. Optimizing the matching model between airflow
speed and target canopy characteristics is an effective way to improve the orchard precision spraying technology, as airflow can
significantly affect droplet deposition and drift loss. A simple model of airflow speed was established in this study. First, air-
assisted spraying experiments were carried out on a standard simulation canopy to study the airflow speed depended on canopy
width, leaf area index, and porosity rate. Second, determined by Ribbon Method and verified by droplet drift data, the airflow
speed through the canopy was between 0.5 m/s and 0.7 m/s. Third, multiple tests were carried out under standard simulation
canopy with different characteristics, and the airflow speed model was established ultimately: with a fixed leaf area index
(LAI), the relationship between canopy upwind boundary airflow speed and canopy width satisfied the exponential model
(y=ae™), and the coefficients a and b are well related to the density of branches and leaves in the canopy. When LAI=3.456,
y=2.036¢"%" R*=0.994; LAI=1.728, y=1.639¢"**, R*=0.972. Orchard growers can acquire needed airflow speed through this
simple model, it is quick and precise and appropriate to most growth periods of a variety of fruit trees, such as apples, pears,

and vines.
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1 Introduction

Air-assisted spraying technology is an advanced and efficient
spraying technology recommended by the United Nations Food and
Agriculture Organization (FAO). With good penetration and
coverage, now this technique is widely used in orchards and field
crops since it was introduced in China in the 1980s. The pesticide
utilization rate of orchard air-assisted sprayers can reach 30%-40%,
which has increased by more than 50% compared with traditional
orchard sprayers using a large amount of liquid®. According to
previous research, pesticides are more likely to get inside a canopy
assisted by airflow’*.,

Airflow direction, airflow speed, and airflow volume are the
three factors of air-assisted spraying®™. Among them, the
penetration and deposition effects of droplets are positively
correlated through airflow speed, according to research about the
influence of airflow speed variation inside the canopy on pesticide
deposition from He et al® Although air-assisted spraying is
favorable for droplet deposition in orchards, higher wind speeds are
not necessarily better. As Pergher and Gubiani” found that
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increasing airflow led to lower droplet deposition and higher ground
losses. The research results of Cross et al.” also showed that
compared with medium and high air volume, low air volume could
significantly increase the liquid amount deposited on the target.
This is because a strong airflow will envelop and press droplets
escaping from the canopy and then cause more ground losses and
drift, as well as less foliar deposition. Conversely, if the airflow
speed is too slow, the assistance and stress function of airflow will
be too weak to achieve the ideal deposition effects. The same results
are also reported by Pascuzzi et al.”’, he carried out experiments on
the canopy with two different leaf area indexes (LAI) and found that
airflow speed significantly affects the pesticide amount deposited
on grape leaves”. Hence, the airflow intensity of the air-assisted
should be matched with the target canopy
A good fitting between airflow speed and
canopy structures has a direct positive impact on the effects of air-

sprayer
characteristics!™'*'!,

assisted spraying!'>"”, thus it is important to adjust the airflow speed
applied in accordance with the architecture, size, and LAI of the
target canopy.

Precision variable application technology requires not only the
accurate adjustment of dosage but also the accurate adjustment of
airflow. But airflow decision-making models are merely
investigated by researchers, compared with dosage decision-making
systems!'*"*.. The principle of terminal velocity and displacement of
air volume proposed in 2008 is still widely used as the basis for
airflow decision-making!">'"'"*, However, its calculating process is
rather complicated as it is requisite to introduce the canopy cross-
section air volume and its correction coefficient. The automatic
profiling variable spraying machine designed by Li et al.'¥ realized
the local air volume adjustment based on the canopy segmentation
model and air volume displacement principle. Nevertheless, the
control system of the machine needs to be operated manually or
automatically through C++ language on the laptop computer, which
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is not application-friendly for orchardists. And this machine is also
difficult to popularize as an ordinary sprayer can still work.

Due to the lack of a simple, quick, and easy-to-spread airflow
speed model, few growers make changes to airflow speed or volume
from the first application through to the last throughout the growing
season'”. As the season progresses and the canopy fills, a fixed
airflow speed from empirical estimation adopted in most orchards,
which is mismatching with the actual canopy structure (too strong
for the early stage and too weak for the flourishing period), caused
serious agrichemical waste and environmental pollution and also led
to uneven droplet distribution inside the canopy. Hence it is still a
challenge for orchardists to apply airflow speed precisely to the
developing target canopy throughout the whole growing season!".

To determine the relationship between airflow speed and
canopy structure, and establish a simple, rapid, and easy-to-spread
airflow decision-making model fitting for widely used sprayers, the
investigation of this study was carried out by 1) operation parameter
selection for single fan; 2) establishing standard simulation canopy;
3) conducting single fan air-assisted spray experiment.

2 Materials and methods

2.1 Air-assisted spraying unit

The air-assisted spraying unit (hereafter referred to as spraying
unit) was adopted in this experiment, which is equivalent to one-
eighth of the air delivery spray devices of the prototype designed by
Li et al." composing of four parts: electric fan, spraying system,
bracket, and power supply as shown in Figure la. The electric fan
consists of blades, a brushless motor, and a motor speed control
system. Blades of different sizes were equipped to regulate the air
outlet area, and a sensor was installed for detecting the rotating
speed of the fan to accurately regulate motor speed. The spraying
system was composed of nozzle mounted at the center of the air
outlet, an electric diaphragm pump, spray tank, pressure gage, and
pressure valve to regulate spraying pressure. The bottom of the
whole unit is equipped with four universal wheels to realize the free
movement of the air-assisted spraying unit. TESTO hand-held
anemometer (Germany) was used to measure the airflow speed at a
distance of 10 cm from the air outlet. Airflow speed was measured
five times under each rotating condition, and the average values are
listed in Table 1.

Pneumatic
conveying system

Bracket

Power
supply

Spraying
system

a. c.
a. Air-assisted spraying unit b. Simulated canopy (Single leaf area: 24 cm’,
3 frames) c. Simulated leaves of different size

Figure 1 Types of equipment used in the experiment

In this study, the atomizing angle of the nozzle is in accord
with the jet angle of the axial fan, which is given by

tana = 3.4« (D

Table 1 Fan rotating speed and airflow speed with different
air outlet area

Airflow speed/m's™

Rotating speed/rmin™'

B C D E F
1000 1.19 182 236 278 3.41 4.58
1200 147 223 2.93 3.26 4.00 5.11
1400 1.74 271 3.53 3.73 4.88 5.97
1600 2.01 313 407 441 5.46 6.71
1800 230  3.60 456 498 6.37 7.97
2000 250 405 506 559 7.36 8.83
2200 296 449 552 6.29 7.68 9.47
2400 330 492 6.03 6.99 8.50 10.32
2600 3.91 548 674  17.63 9.63 11.11
2800 406 590 741 8.58 10.64 12.05
3000 4.55 6.34 810  9.08 11.31 13.09

Note: From A to F, the area of the air outlet is 0.06, 0.09, 0.11, 0.15, 0.18, and
0.22 m’, respectively; Airflow speed represents the average airflow speed at the
air outlet of the fan, m/s; rotating speed represents fan rotating speed, r/min.

where, a is the polar angle and one-half of the jet angle
equivalently; @ is the turbulence coefficient, which is 0.12 for
circular wind hood combined with axial fan, and the theoretical jet
angle of the axial fan is 20=44.30°. Hence, a hollow conical spray
nozzle HCI40 (ARAG, Italy) with an atomization angle of 40° was
adopted in this study.
2.2 Simulation canopy

Canopy structures of different growth periods, pruning patterns,
and species vary greatly. Therefore, a standardized homogeneous
simulation canopy is established.
2.2.1 Simulation canopy design

The simulation canopy is composed of branches and leaves, as
well as five stainless steel frames (1.0 mx1.0 mx0.2 m). The canopy
width (0.2 m-1.0 m) is adjusted by changing the frame number as
shown in Figure 1b. Each frame is fixed with thin stainless steel
rods (the spacing is 14.3 cm), and six simulation leaves are evenly
placed on each rod. A spring attaching alligator clips to both ends
mimics the twisting and swinging of branches, and three sizes of
coated papers (6 cm’, 12 cm? 24 cm?, Figure 1c) simulate leaves at
different growth periods.
2.2.2 LAI and porosity rate of simulation canopy

The LAI of the simulation canopy listed in Table 2 was
calculated according to its definition™.

Table 2 Porosity rate and LAI of simulation canopy

. . . Porosity/%
Simulation canopy width/m
a b c
0.2 73.23 58.04 42.14
0.4 55.53 45.80 24.38
0.6 38.73 18.42 12.58
0.8 25.37 15.08 7.69
1.0 21.61 13.74 4.49

Note: a, b, and ¢ represent simulated canopy with LAI of 0.864, 1.728, and 3.456
respectively.

As shown in Figure 2, the simulation canopy was placed in
front of a white background wall, illuminated by the xenon lamp,
and then the projection image was processed to obtain the
proportion of light passing through the canopy, that is the canopy
porosity rate. The results are also listed in Table 2.

2.3 Air-assisted spraying experiment
2.3.1 Downwind and Upwind boundary airflow speed of canopy
The downwind boundary airflow speed of the canopy (V) was
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Xenon lamp

a. Porosity rate determination and image processing

Simulation canopy

Nozzl ;
0%z ? 40° Sampling area 38
o —
Air-assisted sprayer
Experimental platform
0.75 +0.20~1 .
unit: m

b. Experimental layout

Figure 2 Schematic diagram of porosity rate determination and image processing (Single leaf area: 12 cm’, 2 layers) and experimental layout

determined by Ribbon method®'*. A 25 cm silk ribbon was fixed
on a rod hanging naturally at a height of 1.35 m (the central axis of
the fan) and just at the downwind boundary of the simulation
canopy. The spraying unit is placed in front of the simulation
canopy at a distance of 0.75 m, a forward speed of 0.5 m/s, and the
rotating speed increased at a pace of 100 r/min gradually from 1000
r/min until the silk ribbon angle reaches 25°-40°.

The ribbon was then removed and an ultrasonic anemometer
(Gill, UK, sampling frequency of 20 Hz, capable of acquiring
instantaneous  airflow speed and three-dimensional airflow
direction) was fixed at the same position. The spraying unit was set
at the same rotating speed and the corresponding airflow speed V),
was recorded. Another ultrasonic anemometer was placed at the
upwind boundary of the canopy simultaneously, 0.75 m away from
the spraying unit, at a height of 1.35 m, and the upwind boundary
airflow speed (V) presently was recorded.

The experiment was repeated three times for each canopy, and
the average V; and V, are listed in Table 3.

Table3 V, V), and V; of different simulation canopies

Rotating speed

Group LAl Lm P/% of fan /e-min! Voms' Vyms' V/ms’
1 0.864 73.23 1000 4.58 2.69 1.64
2 1.728 0.2 58.04 1000 4.58 2.69 1.23
3 3.456 42.14 1000 4.58 2.69 0.55
4 0.864 55.53 1000 4.58 3.01 1.15
5 1.728 0.4 458 1000 4.58 3.01 0.64
6 3.456 24.38 1400 597 3.73 0.60
7 0.864 38.73 1200 5.11 3.52 0.63
8 1.728 0.6 18.42 1300 5.66 3.84 0.64
9 3.456 12.58 1800 7.97 5.49 0.58
10 0.864 25.37 1500 6.68 4.52 0.68
11 1.728 0.8 15.08 1600 6.71 4.76 0.65
12 3.456 7.69 2300 9.68 7.35 0.59
13 0.864 21.61 1600 6.71 4.83 0.68
14 1.728 1.0 13.74 2100 9.43 7.34 0.53
15 3.456 4.49 3000 13.09 9.76 0.49

Note: Ve, Vy, and V| represent airflow speed at the air outlet, the upwind
boundary airflow velocity, and the downwind boundary airflow velocity of
canopy respectively, m/s; L is the canopy width, m; P is the canopy porosity rate.

2.3.2 Droplet escape rate test

The schematic diagram of the experimental layout is shown in
Figure 2b. The spray pressure was set as 0.3 MPa, forward speed as
0.5 m/s, nozzle type CHI40015, and fan rotating speed was adjusted
according to the conclusion in Section 2.3.1. At the upwind and
downwind boundary of the simulation canopy, a total of 6 filter
papers (diameter=7 cm) were arranged to receive droplets at the
horizontal height of 1.08 m, 1.35 m, and 1.62 m, respectively, and

5% tartrazine solution was used for the test. The samples were
eluted and diluted with deionized water and the absorbance value of
the eluent was determined with a 722-visible spectrophotometer.
The experiment was repeated three times for each canopy
combination. The calculation formula is as follows:

W =A,/A, % 100% (2)

where, W represents the escape rate of droplets, %; 4, and 4,
represent the absorbance value of the eluent of the downwind and
upwind boundary of the canopy, respectively, and the results are
listed in Table 4. The droplet escape rate is designed to study the
feasibility of Ribbon Method and the applicable canopy range.

Table 4 Droplet escape rate (%) of different canopy

combinations
. Droplet escape rate/%
Canopy width/m
a b c
0.2 77.05 73.07 39.42
0.4 44.22 6.17 6.12
0.6 58.70 2.68 5.66
0.8 15.84 2.80 1.77
1.0 11.69 2.24 3.60

Note: a, b, and ¢ represent simulated canopy with LAI of 0.864, 1.728, and 3.456,
respectively. And droplet escape rate acquired of different canopy width and LAI
combinations. Three groups (77.05, 73.07, and 44.22) would not work because
their 7, did not satisfy the prerequisite.

3 Results and discussion

3.1 Parameters of air-assisted spraying unit

Of the spraying unit, the brushless DC motor was equipped
with blades of different sizes, and the air outlet area also changed
from 0.06 m* to 0.22 m’, while only 6.09 m blades with an air outlet
area were 0.22 m’, was adopted in this experiment. This is because
the fan with a larger air volume is more suitable for dense fruit
trees. And the fan rotating speed and the resulting airflow speed as
listed in Table 1. Within the rotating speed range, the maximum
airflow speed the spraying unit achieved was 13.09 m/s, which can
basically meet the experimental requirements and achieve a good air-
assisted spraying effect™.

As shown in Figure 3a, the movement process of droplets in air-
assisted spraying can be divided into three stages: 1) Droplets move
from nozzle to the canopy; 2) Droplets enter into and deposit inside
the canopy; 3) Droplets escape from the canopy.

Minimizing droplet losses in the first stage and forcing more
droplets to enter the canopy are the requirements of airflow
parameters adjustment. As shown in Figure 3b, when the atomizing
angle of nozzle is greater than that of airflow diffusion, many
droplets will get out of the wind field and deposit on the ground,
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Figure 3 Schematic diagram of the movement process of droplets and the angles comparison of droplets and airflow

thereby causing pesticide loss and environmental pollution.
Furthermore, a good fitting of these two angles could reduce the
influence of the external environment on droplet motion and
improve its directional property. As a result, the nozzle with an
atomization angle of 40° was adopted in this study. The specific
parameters of the spraying unit used are listed in Table 5.

Table 5 Parameters of the spraying unit in this study

Parameter Value
Spray pressure 0-0.6 MPa
Fan rotating speed 1000-3200 r/min
Airflow speed 4.58-13.09 m/s
Air outlet area 022 m’
Nozzle HCI40015/HCI4003

Sufficient droplet deposited within the canopy and reducing the
amount of droplets escaped from canopy'* are the requirements of
the second and third stage respectively. This goal was achieved by
empirical Ribbon Method in this study?-*?. Sufficient droplets
within the canopy and only bits of droplets escaping from the
canopy were guaranteed when the condition of the ribbon meets the
requirements.

3.2 Simulation canopy parameter analysis

LAI is a dimensionless quantity that characterizes plant
canopies, presenting the one-sided green leaf area per unit ground
surface area in broadleaf canopies. Porosity rate is the probability of
light passing through the canopy and is a key parameter to describe
the canopy structure and the spatial distribution of biomass. Table 2
displays the value of LAI and the porosity rate of the simulation
canopy. With a fixed LAIL the porosity rate decreases with the
increase of canopy width. And similar porosity rates, such as 24.38
and 25.37, 45.80 and 42.14, may correspond to two different canopy
width and LAI combinations. This rule is similar to the conclusion
in homogeneous canopy established by previous scholars™*, a
negative exponential relationship between porosity rate and the
product of canopy width and LAI (hereafter referred to as L-W).
This indicates that the porosity rate needs to be determined by
canopy width and LAI simultaneously. Canopy width is also an
important characterization parameter, and it is not accurate to
describe the canopy only with LAI, but not mention canopy width.

The theoretical porosity value calculated according to the
mathematical relationship of the homogeneous canopy had raised
by Monsi et al.**:

P=ct 3)

where, P is porosity rate; L represents the canopy width and W is

LALI Both theoretical and experimental porosity value are shown in
Figure 4. When L-W is small, the experimental values are smaller
than theoretical value, this may be ascribed to that it is difficult for
the simulation canopy to be completely homogenous and leaves
deviate from random distribution hypothesis. Meanwhile, the
aggregation effect is mnot considered in this mathematical
relationship. However, when L-W is relatively large, aggregation
effect and random distribution hypothesis have little influence on
porosity rate, as a result, theoretical and experimental values are
basically the same. While porosity values from all experiments were
still in line with distribution,

exponential satisfying the

mathematical relationship as follows:
Porsosity = exp(—1.484-L- W) “4)
where, SSE of 0.068 21, R* of 0.8858, and RMSE of 0.0698,

indicating that the simulation canopy constructed in this study
basically accords with a homogeneous canopy.

90
* * Theoretical value
L + Experimental value
S 60F
2 N
L 30+ . .
0 L L i 1
0 1 2 3 4
LAI'width

Note: The circular point is the calculated theoretical porosity value, and the
triangle is the measured porosity value in the experiment.
Figure 4 Relationship of porosity with the product of LAI and
canopy width

The circular point is the calculated theoretical porosity value,
and the triangle is the measured porosity value in the experiment.
3.3 Exploration and sedimentary verification of airflow speed
model
3.3.1 Upwind boundary airflow velocity of canopy

Landers and Vadharia®' observed that where the air goes, the
droplets will surely follow. And droplet drift was effectively
reduced by adjusting airflow speed until no obvious droplets were
observed behind the target canopy™, which also proves the validity
of the Ribbon method.

The values of V; were approximately in the range of 0.5 m/s
and 0.7 m/s according to Ribbon method. Owing to the technical
limitations of the spraying unit, the minimum available fan rotating
speed is 1000 r/min and the corresponding airflow speed is 4.58 m/s,
as listed in Table 5. When both LAI and canopy width is small,
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namely, the porosity rate is large (such as in Groups 1, 2, and 4 in
Table 3), the simulation canopy has a little blocking effect on
airflow as well as airflow velocity cannot reach 0.7 m/s, indicating a
much smaller airflow speed should be adopted in actual spraying
operation for those canopies. Except for Groups 1, 2, and 4, the
values of V| acquired from other standard canopies can meet the
requirements of Ribbon method.
3.3.2 Droplet escape rate analyses

Table 4 lists droplet escape rates with different canopy widths
and LAI combinations. According to Section 3.3.1, the canopy with
width/LAI combinations as follows: 0.2/0.864, 0.2/1.728, and
0.4/0.864, did not meet the prerequisite: the value of V; was at 0.5-
0.7 m/s. The droplet escape rates of canopy combinations: 0.2/3.456
and 0.6/0.864, reached 39.42%, and 58.7%. Meanwhile, droplet
escape rates of canopy combinations: 0.800/0.864 and 1.000/0.864,
were significantly higher than that of others, these two points
indicated that the V| prerequisite was not applied with the canopy of
too small LAI or canopy width. This is probably because canopies
with small widths or LAIL, in other words, relatively large canopy
porosity, have a low wind-resistance coefficient. As a result, airflow
will interact with the canopy to form a local flow passage and
increase the local porosity rate, airflow can easily pass through the
canopy and the droplet escape rate will relatively increase. This
research result is similar to that of Van de Zande et al.”™ obtained
on potatoes, at the early and late stages of maturity (LAI between 1
and 2), foliar deposition was 10% higher with a conventional
application compared to air-assisted spraying, which may be
because droplets can penetrate the canopy themselves at low LAI
and high porosity canopy. Instead of increasing the leaf surface
deposition, the airflow increases the probability of the droplets

12

10

V/(m-s™)

Porosity/%
a. Regression analysis of porosity rate-V;

0 10 20 30 40 50

escaping from the canopy, leading to a significant increase in
droplet escape rate. Beyond that, droplet escape rates acquired from
other canopy combinations were less than 10%, indicating that
Ribbon Method can still meet the principles of airflow speed
decision for most canopies.

3.3.3 Upwind boundary flow velocity of canopy

As listed in Table 3, the airflow speed at the air outlet (V) and
V, tend to increase gradually with the decrease of porosity rate,
therefore, Pearson correlation analysis was conducted on V¢, V;, and
porosity rate (P), respectively. The analysis results showed that V¢
(=—0.814, P=0.004) and V, (r=—0.801, P=0.005) were both
significantly correlated with porosity rate. According to the terminal
velocity principle!®, that is, only airflow possessing velocity and
kinetic energy of a certain amount is able to enter the canopy when
it arrives at the upwind boundary. Otherwise, the airflow is blocked
by the outermost canopy and cannot carry droplets into the canopy.
Thus, it is more accurate and relatively straightforward to adopt the
terminal velocity, namely upwind boundary airflow velocity ¥} to
establish the fitting relationship between airflow speed and canopy
structure compared with adopting the air outlet airflow speed, V.

It can be seen from Figure 5a, V;, decreased on a logarithmic
scale with the increasing porosity rate, the correlation coefficient is
0.849, which indicates a good fitting degree. However, porosity is
not easy to measure in practice, while canopy width and LAI value
can be easily obtained with the help of measuring equipment. In
addition, the main method of tree crown detection and extraction is
3D point cloud segmentation, and the most extensive data source is
lidar data™-'". Based on lidar data, canopy characteristic data were
acquired by 3D structure reconstruction, such as tree height, canopy
volume, branch length, and branching angle.

12
10 < LAI=1.728
gl *LAI=3456
E 6f
N
2+
O 1 1 1 1
0.1 0.3 0.5 0.7 0.9 1.1

Canopy width/m
b. Exponential analysis of canopy width-V

Note: Regression analysis was performed to porosity rate and V,, the data were in accordance with the logarithmic curve y=—3.033In(x)+13.75, R?=0.849; Exponential

analysis was performed to canopy width and V, under fixed LAI, the data were in accordance with the exponential curve y=2.036e1.5887x (LAI=3.456, R>=0.994) and
y=1.639¢1.445x (LAI=1.728, R*=0.972). The data are from groups 5 and 6, 8 and 9, 11 and 12, and 14 and 15 in Table 3.

Figure 5 The relationship of V,, with porosity and canopy width

Moreover, based on the above conclusion of Section 3.2, under
a certain LAI value, porosity decreases with the increase of canopy
width, so LAI and canopy width are introduced to replace porosity
to establish a mathematical relationship. When LAI are 1.728 and
3.456, data fitting curves conform to the exponential relation:
y=1.639¢"“* and y=2.036¢'***" as shown in Figure 5b. With the
increase of canopy width, ¥ increased on an exponential scale, and
the correlation coefficient of the curves are 0.994 and 0.972,
respectively, indicating a pretty good fitting degree. According to
the model, when x, i.e., canopy width, is 0, y is equal to parameter
a. It seems that canopy characteristics had nothing to do with
coefficient a. It is thought that for the same fan when the distance
between the air outlet and canopy is certain, the coefficient a should
be a constant value. However, the two values of parameter a

obtained in this experiment are different, indicating that parameter a
still needs to be determined through experiments for different
canopies. Index b represents the growing trend of curves,
brar=1.725=1.445 and by p1-3456=1.5887, indicating that the growth
trend of ¥, is similar under the two LAI conditions. Besides, the
curve growth trend of LAI=3.456 was slightly steeper than that of
LAI=1.728, which may be due to the weakened degree of
interaction between airflow and canopy as LAI increases. For a
canopy with a constant width, the wind resistance and airflow
attenuation rate increase with the LAI, which means coefficient b is
closely related to LAI, and the greater the LAI is, the greater the
coefficient b is.

The conclusions obtained eventually apply to many kinds of
fruit trees in most growth periods, such as apples, pears, and vines.
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The equation can be adapted to the middle and late stages™*.
While at the early stages of growth, that is, when LAI was pretty
small, better spraying effects can be achieved by appropriately
reducing the airflow speed or adopting a traditional sprayer without
an air delivery system. In the practical application process of this
conclusion, orchardists only need to offer the value of LAI of target
fruit trees according to the empirical value and measure the canopy
width to get the resulting airflow speed. The LAI values provided
do not need to be very accurate, because in order to ensure
sufficient droplet deposition, orchardists would usually increase the
airflow speed applied in the field, on the basis of calculated or
detecting results. In addition, since there were significant
differences in LAI and especially canopy width in the vertical
direction of some varieties of fruit trees, different airflow velocities
should be adopted at different heights. For example, if the same
airflow parameters are applied to the whole canopy of spindle trees,
the airflow speed is too low for the bottom canopy to help the
droplet penetrate the canopy or too high for the top canopy to cause
serious droplet escaping and drifting. This demonstrated the
importance and necessity of canopy width in the establishment of an
airflow speed decision-making model, as well as a fixed airflow
speed that will never be suitable for a whole fruit tree from top to
bottom, especially for apples, pears, and such spindle-shaped fruit
trees. And this conclusion is of great significance and high accuracy
in the parameter adjustment, as LAI and canopy width are
introduced into the model at the same time.

4 Conclusions

1) In order to study the matching relationship between air-
assisted spraying parameters and canopy width, a standardized
homogenous simulation canopy was designed, which could adjust
LAI and canopy width to simulate fruit canopy at different growth
stages and morphology. Standard canopy can eliminate differences
belonging to real canopy which are hard to evaluate and quantify.

2) The Ribbon method was adopted in this study to determine
the optimum airflow speed in orchard air-assisted spraying, which
was validated by droplet escape test in advance. This method is
suitable for most growth periods of fruit trees, except for the
germination period with only a few leaves, and the escape rate of
droplets is less than 7%. According to the Ribbon method, the
downwind boundary airflow speed should be at 0.5-0.7 m/s.

3) The relationship between upwind boundary airflow speed V,
and the wvalue of porosity meet logarithmic fitting,
y=-3.033In(x)+13.75, R*=0.849. According to the results of the
foregoing study, porosity is difficult to obtain directly and it will be
more accurate and simple to introduce canopy width into the model.
In the final airflow speed model, the required airflow speed is
exponential to canopy width (y=ae™) with fixed LAL. When
LAI=3.456, y=2.036¢"*™, R>=0.994, and LAI=1.728, the
relationship was »=1.639¢"** and R>=0.972. In this model,
parameter b is closely related to LAI, and a is related to application
sprayer, canopy characteristics, etc., which needs to be determined
further through groups of field experiments.

4) Compared to other two decision-making model mentioned
before, the final model is better in three aspects. First, the model is
suitable for most growth periods of various fruit trees; Second, LAI
and canopy width are introduced into the model to improve its
accuracy and simplicity; The third one is also an important point in
the application. After determining coefficients a and b, the model
can rapidly be accepted and promptly adopted by orchardists owing
to traditional air-assisted sprayers. Besides, the LAI can be inferred

by combining the model with advanced LIDAR or ultrasonic
technology based on the detected canopy contour data. So this
model can adjust the required wind field parameters at various
canopy heights in time and match the wind field with the canopy
precisely. In conclusion, the model needs to achieve simple and
rapid application on traditional air-assisted sprayers and also can be
combined with LIDAR and infrared sensors to achieve precision
variable air-assisted spraying.
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