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Abstract: This study aimed to evaluate the efficiency of air assistance associated with electrostatic
spraying in terms of spray deposition and yield (Experiment 1), and the coverage and droplet density
on soybean crops at different working speeds (Experiment 2). The treatments in Experiment 1
corresponded to combinations of electrostatic systems associated with air assistance at three airspeeds
(21, 25, and 30 m·s−1) plus a conventional treatment without electrostatic or air assistance. The
treatments in Experiment 2 corresponded to three working speeds (3.3, 4.2, and 5.0 m·s−1) with or
without the use of an electrostatic system. All applications were performed with a self-propelled
sprayer, delivering 75 L·ha−1 with ATR 2.0 nozzles. A blue tracer, detectable as absorbance with a
spectrophotometer, was added to the spray solution to evaluate deposition. The results indicate that
an air assistance at 21 m·s−1 plus electrostatic system increased the amount of spray deposited on
the middle and top leaves of the plants in relation to the conventional system, with yield increments
of up to 621 kg·ha−1. The slowest working speed (3.3 m·s−1) combined with air assistance and an
electrostatic system provided the greatest spray deposition, droplet coverage, and density on the
bottom leaves of soybean crops.

Keywords: spray deposition; coverage; droplet density; Glycine max L. Merril; yield

1. Introduction

Soybean (Glycine max L. Merril) is one of the most important crops grown in Brazil
and around the world. Its importance is due to the significant flexibility in its uses, which
include human and animal food, bioenergy such as biodiesel production, pharmacological
purposes [1,2], and tire production for the automobile industry [3–5]. In 2022/2023 Brazil
continued to rank highest worldwide in terms of production and exportation, with a record
156 million tons of soybean grain cultivated across 44 million hectares of land. These results
were due to favorable weather conditions occurring in the strongest producing regions
and the improved technology utilized by Brazilian farmers in recent years [6,7]. While
these technologies aim to provide more meaningful results in terms of production and
yield, adequate crop management is especially important and involves correct selection of
pesticide and efficient application methods.

Multiple factors affect pesticide application, including the crop and its growth stage,
equipment (machinery), and the environmental conditions during the application. A lack
of technical knowledge regarding the product and the application technology can cause
the indiscriminate use of these products, resulting in consequences such as crop injury
and environmental contamination [8]. Different technologies have been developed to help
farmers conduct more efficient applications, with lower losses and costs. Examples of these

Agrochemicals 2024, 3, 107–117. https://doi.org/10.3390/agrochemicals3020009 https://www.mdpi.com/journal/agrochemicals

https://doi.org/10.3390/agrochemicals3020009
https://doi.org/10.3390/agrochemicals3020009
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agrochemicals
https://www.mdpi.com
https://orcid.org/0000-0003-3533-517X
https://doi.org/10.3390/agrochemicals3020009
https://www.mdpi.com/journal/agrochemicals
https://www.mdpi.com/article/10.3390/agrochemicals3020009?type=check_update&version=1


Agrochemicals 2024, 3 108

technologies include the use of air assistance [9], and the addition of an electrostatic charge
to the sprayed droplets [10,11].

Air assistance in the spray boom consists of using a continuous air flow to assist in the
distribution and deposition of spray in the crop canopy [12]. Once activated, the fans inflate
a canvas tarp that distributes air evenly throughout the spray boom [13]. This system
provides advantages such as uniformity of spray distribution, drift potential reduction,
and improvements in spray deposition, especially on the lower leaves of crops [14,15].
The electrostatic system consists of adding electrical charges to the droplets, with the aim
of assisting the movement of those droplets and their adhesion onto the leaves [11,16].
The effects of these technologies have been studied using different equipment such as
backpack sprayers [11,17], agricultural aircraft [18], pneumatic sprayers [19], and hydraulic
sprayers [20].

As an attempt to unify the two technologies, a self-propelled (EletroVortex®, Jacto,
Pompeia, São Paulo State, Brazil) system was launched in 2019. The sprayer provides
improvements to the conduction of droplets to the biological target and aims to increase
efficiency by reducing the application rate and increasing the working speed without com-
promising the quality of the application. According to the manufacturer, the technology
provides better pesticide spray deposition onto target, which increases pest and disease
control [21,22]. In Brazil, these sprayers have been used in the application of insecticides
and fungicides to row crops such as soybeans, corn, wheat, and cotton. However, lit-
tle information is available in the literature that shows scientific results regarding this
technology.

The global demand for higher soybean yields, the constant attack of insects and
diseases, and an inadequate number of sprayers being available have caused farmers
to adopt faster working speeds to maintain operational capacity. It is essential that the
quality of the application process be maintained at those speeds [23]. However, this
increase in working speed influences the droplet transport time produced by the spray
nozzle to the biological target and, consequently, can cause potential droplets to be lost
to the environment and decrease the efficiency of the application [24]. It is necessary to
better understand the behavior of droplets produced during spraying, especially at higher
working speeds [25].

A study was conducted to evaluated droplet coverage in soybean crops with different
spray nozzles at a 9.7 m·s−1 working speed using a self-propelled sprayer with a hydraulic
boom and concluded that the working speed did not affect the percentage of droplet
coverage in the lower and upper thirds of the plants [26]. In contrast, other authors
concluded there was better spray deposition on soybean leaves when the slowest speed
(2.8 m·s−1) was used [25].

Therefore, the objectives of this study were to: (1) evaluate the efficiency of air as-
sistance associated with an electrostatic system on spray deposition and soybean yield;
(2) evaluate the spray deposition, droplet coverage and density from applications with air
assistance and an electrostatic system at different working speeds on soybeans crop.

2. Materials and Methods
2.1. Experiment 1
2.1.1. Location and Site Description

The field experiment was conducted in Bonfinópolis de Minas, Minas Gerais, Brazil
(16◦30′38′′S, 46◦17′08′′W, 907 m of altitude). The climate of the region is classified as Aw
(tropical climate with dry season, dry winter, and rainy summer season) according to
Köppen–Geiger classification [27]. In the last five years, the average annual temperature
and precipitation were 24 ◦C and 1230 mm, respectively [28]. The soil is classified as
Red–Yellow Ultisol with 37% clay [29]. Applications were made on soybean cultivar
RK5519 RR (KWS Seeds®, Patos de Minas, Minas Gerais, Brazil) during the 2021/2022
season. Plant population was 480,000 plants per hectare at 60 cm row spacing, planted on
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October 13, 2021. All crop maintenance including pesticide applications followed farmer’s
recommendation.

Laboratorial analyses were carried out at the Weed Science Laboratory belonging to
the Institute of Agricultural Sciences of the Federal University of Jequitinhonha and Mucuri
Valleys (FUJMV) located in Unai, Minas Gerais State, Brazil.

2.1.2. Experimental Design and Treatments

A spray deposition experiment was conducted in a randomized complete block design
(RCBD) with 4 treatments and 10 replications. The treatments consisted of three airspeeds
for the air assistance (level #3: 21 m·s−1, level #4: 25 m·s−1, and level #5: 30 m·s−1) with the
electrostatic system, and a fourth treatment which was a conventional application with no
air assistance and no electrostatic system. For the soybean yield determination, an RCBD
with the same four treatments were evaluated with three replications. All four fungicide
applications during the season followed the same treatment configuration and equipment
calibration.

The experimental plots were 32 m wide, equivalent to one pass of the sprayer using
the entire boom width, by 200 m length. For evaluation purposes, the wheel track region,
2 m in each boom extremity, the 10 m at the beginning, and the 10 m at the end of the plot
were not considered for the deposition and yield data collection.

2.1.3. Application Equipment

Applications were performed using a self-propelled sprayer (Uniport 3030 EletroVortex®,
Jacto, Pompeia, São Paulo State, Brazil) with 93 ATR 2.0 hollow cone nozzles (ALBUZ®,
Évreux, France) spaced by 0.35 m across a 32 m boom length (Figure 1a). Carrier volume,
working speed, working pressure, and boom height above crop canopy were 75 L·ha−1,
4.44 m·s−1, 450 kPa, and 0.50 m, respectively. Nozzles were mounted in nozzle body
caps with electrodes (Figure 1b) which operated at 5 kV. When transported through the
electrostatic system, droplets receive a positive charge from the electrodes surrounding
each nozzle.
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Figure 1. Self-prolled sprayer (a) and eletrostatic nozzle body (b) used in applications.

2.1.4. Environmental Conditions

The applications were performed between 8 and 10 a.m., and the meteorological data
were monitored using a digital thermo-hygro-anemometer (Kestrel® 3000, Boothwyn, PA,
USA). During the application, average air temperature, relative humidity, and wind speed
were 25 ◦C (± 1), 77% (± 2), and 4.6 m·s−1, respectively.

2.1.5. Spray Deposition

The evaluation of spray deposition on soybean leaves occurred when the crops were in
the R5/R6 reproductive stage [30]. Products and their respective rates used were: Approach
Prima (pyraclostrobin + cyproconazole, Corteva Agriscience, Barueri, Brazil) at 0.3 L·ha−1,
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Fighter (vegetable oil adjuvant, De Sangosse, Ibiporã, Brazil) at 0.15% v v−1, and TA 35
(lauril ether sodium adjuvant, Inquima, Cambé, Brazil) at 0.15% v v−1.

A blue tracer dye (Duas Rodas Industrial®, Jaraguá do Sul, Santa Catarina, Brazil),
was added to the spray solution at 400 g·ha−1 to be quantified by spectrophotometry in the
laboratory. After the application and for each replication, 10 soybean plants were randomly
selected, and 3 leaves in each position (bottom, middle, and top) were collected from each
plant. Leaves were separated and grouped by position and placed in plastic bags, stored
away from sunlight and heat until being processed afterwards.

In the laboratory, 50 mL of distilled water were added to each plastic bag, which
was closed and shaken for 30 s, and the extracted solution was placed in Falcon tubes for
absorbance reading in the spectrophotometer (FEMTO®, 700 plus, São Paulo, São Paulo,
Brazil) at 630 nm wavelength [31]. Equation (1) was generated by serial dilution of the
applied spray solution:

y = 0.0161 x + 0.0036
(

R2 0.99
)

(1)

where y is the tracer concentration (mg·L−1) and x is absorbance. By knowing the tracer
concentration and the volume of distilled water added to plastic bag, the amount of tracer
(

Agrochemicals 2023, 2, FOR PEER REVIEW 7 
 

3.2.1. Spray deposition 244 
A significant interaction between air assistance and working speed was observed for 245 

the bottom (F = 4.748, ρ = 0.017) and middle (F = 6.116, ρ = 0.006) leaves. For air assistance 246 
plus electrostatic application, the slowest working speed resulted in the greatest tracer 247 
deposition on soybean leaves, which corresponded to 1.39- and 2.36-fold greater deposi- 248 
tions on the bottom and middle leaves, respectively, in relation to the fastest speed (Table 249 
1). In contrast, no difference between speeds was observed for the conventional applica- 250 
tion. At the 5.0 m·s-1 working speed, both application methods provided a similar tracer 251 
deposition to leaves, whereas at 3.3 m·s-1, air assistance plus electrostatic increased tracer 252 
deposits by 52% for the bottom leaves and 125% for the middle leaves in comparison to 253 
conventional application. 254 

Table 1. Spray deposition on bottom and middle leaves of soybean crops including air assistance 255 
plus electrostatic charging and conventional applications at three working speeds. 256 

Application method 
Working speed (m·s-1) 

3.3 4.2 5.0 
 Tracer deposition on bottom leaves ( ɳ g·cm-2) 

Air assistance 
plus Eletrostatic 120 bB 82 aA 86 aA 

Conventional 79 aA 87 aA 76 aA 
 Tracer deposition on middle leaves (ɳg·cm-2) 

Air assistance 
plus Eletrostatic 

870 cB 636 bB 368 aA 

Conventional 386 aA 354 aA 340 aA 
Means followed by same letter, lower case in row and upper case in column within leaf position, do 257 
not differ using Tukey´s test at α = 0.05. 258 

3.2.2. Droplet coverage and density 259 
On the bottom cards, a significant interaction between air assistance and working 260 

speed was observed for droplet coverage (F = 5.276, ρ = 0.017) and density (F = 8.063, ρ = 261 
0.004). However, on the middle cards no interaction between factors was observed for 262 
droplet coverage (F = 0.154, ρ = 0.859) and density (F = 0.569, ρ = 0.577). 263 

Similarly, as noticed for spray deposition, the conventional application provided 264 
similar results for the bottom cards across working speeds, ranging from 0.3% to 0.5% 265 
coverage and 4 to 5 drops·cm-2 (Table 2). For the air assistance plus electrostatic applica- 266 
tion, an increase by two percentage points in coverage and by nine drops·cm-2 in density 267 
was obtained at 3.3 m·s-1 in relation to a 5.0 m·s-1 working speed when evaluating bottom 268 
cards. At the 4.2 and 5.0 m·s-1 speeds, both application methods resulted in similar droplet 269 
coverage and density on the bottom cards, whereas at 3.3 m·s-1, the conventional applica- 270 
tion produced lower results, 5.4-fold for coverage and 3-fold for density, in comparison to 271 
the air assistance plus electrostatic method. 272 

  273 

g) on leaves was calculated.
Additionally, the leaf area was measured by Petiole Limited® 0.5.1 [32], a software

installed in a Samsung Galaxy Note 10 plus (Samsung, ® Samsung Digital City, Suwon,
Republic of Korea). With the amount of tracer and leaf area, data were converted into

Agrochemicals 2023, 2, FOR PEER REVIEW 7 
 

3.2.1. Spray deposition 244 
A significant interaction between air assistance and working speed was observed for 245 

the bottom (F = 4.748, ρ = 0.017) and middle (F = 6.116, ρ = 0.006) leaves. For air assistance 246 
plus electrostatic application, the slowest working speed resulted in the greatest tracer 247 
deposition on soybean leaves, which corresponded to 1.39- and 2.36-fold greater deposi- 248 
tions on the bottom and middle leaves, respectively, in relation to the fastest speed (Table 249 
1). In contrast, no difference between speeds was observed for the conventional applica- 250 
tion. At the 5.0 m·s-1 working speed, both application methods provided a similar tracer 251 
deposition to leaves, whereas at 3.3 m·s-1, air assistance plus electrostatic increased tracer 252 
deposits by 52% for the bottom leaves and 125% for the middle leaves in comparison to 253 
conventional application. 254 

Table 1. Spray deposition on bottom and middle leaves of soybean crops including air assistance 255 
plus electrostatic charging and conventional applications at three working speeds. 256 

Application method 
Working speed (m·s-1) 

3.3 4.2 5.0 
 Tracer deposition on bottom leaves ( ɳ g·cm-2) 

Air assistance 
plus Eletrostatic 120 bB 82 aA 86 aA 

Conventional 79 aA 87 aA 76 aA 
 Tracer deposition on middle leaves (ɳg·cm-2) 

Air assistance 
plus Eletrostatic 

870 cB 636 bB 368 aA 

Conventional 386 aA 354 aA 340 aA 
Means followed by same letter, lower case in row and upper case in column within leaf position, do 257 
not differ using Tukey´s test at α = 0.05. 258 

3.2.2. Droplet coverage and density 259 
On the bottom cards, a significant interaction between air assistance and working 260 

speed was observed for droplet coverage (F = 5.276, ρ = 0.017) and density (F = 8.063, ρ = 261 
0.004). However, on the middle cards no interaction between factors was observed for 262 
droplet coverage (F = 0.154, ρ = 0.859) and density (F = 0.569, ρ = 0.577). 263 

Similarly, as noticed for spray deposition, the conventional application provided 264 
similar results for the bottom cards across working speeds, ranging from 0.3% to 0.5% 265 
coverage and 4 to 5 drops·cm-2 (Table 2). For the air assistance plus electrostatic applica- 266 
tion, an increase by two percentage points in coverage and by nine drops·cm-2 in density 267 
was obtained at 3.3 m·s-1 in relation to a 5.0 m·s-1 working speed when evaluating bottom 268 
cards. At the 4.2 and 5.0 m·s-1 speeds, both application methods resulted in similar droplet 269 
coverage and density on the bottom cards, whereas at 3.3 m·s-1, the conventional applica- 270 
tion produced lower results, 5.4-fold for coverage and 3-fold for density, in comparison to 271 
the air assistance plus electrostatic method. 272 

  273 

g·cm−2.

2.1.6. Soybean Yield

Harvesting occurred on January 24, 2022 using a combine harvester (CR 8.90 Twin
Rotor®, New Holland, Curitiba, Paraná, Brazil) with a 13.7 m draper head (MacDon®,
Winnipeg, MB, Canada). The harvest speed was 1.7 m·s−1. Two passes of the combine were
made in each plot and then grains were transferred to a truck (Mercedes-Benz®, Model
Atego 2430, São Bernardo City, São Paulo, Brazil) which was weighed with a large-size scale
(Capital Scales®, BC Controller 3.0, São Bernardo do Campo, São Paulo, Brazil) located
approximately 500 m from the area. As the distance between the area and the scale was
short, the amount of fuel consumption was considered irrelevant. The grain moisture was
determined by a moisture meter (Agrosystem®, GAC 2100, Ribeirão Preto, São Paulo State,
Brazil), and the final yield was corrected to 13% moisture according to Equation (2).

Yield
(

kg·ha−1
)
= Sample wet weight × (100 − Sample moisture)

(100 − 13)
(2)

2.2. Experiment 2
2.2.1. Location and Site Description

The field experiment was conducted in Unaí, Minas Gerais, Brazil (16◦10′10′′ S,
46◦22′18′′ W, 929 m of altitude). The climate of the region is classified as Aw, the same as
the area in Experiment 1. The soil is classified as dystrofic Red Latosol (Oxisol) with 43%
clay [29]. Applications were made on soybean cultivar CZ 37B43 IPRO (Credenz—BASF®,
Leverkusen, Germany) during the 2022/2023 season. Plant population was 320,000 plants
per hectare at 50 cm row spacing, planted on 3 November 2022. All crop maintenance
including pesticide applications followed farmer’s recommendation.

Laboratorial analyses were carried out at the Weed Science Laboratory belonging to the
Institute of Agricultural Sciences of the FUJMV located in Unai, Minas Gerais State, Brazil.

2.2.2. Experimental Design and Treatments

The experiment was conducted in a RCBD with a 2 × 3 split plot scheme and eight
replications. The treatments corresponded to three working speeds (3.3, 4.2, and 5.0 m·s−1)
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(sub-plot) with or without air assistance plus electrostatic system, (main plot). Plots were
16 m wide (equivalent to one pass of the sprayer using half-boom width) by 150 m length.
For evaluation purposes, 2 m in each boom extremity, 10 m at the beginning, and 10 m at
the end of the plot were not considered.

Applications were performed with a self-propelled sprayer similar to the one used
in Experiment 1. Hollow cone ATR 2.0 nozzles (ALBUZ®, Évreux, France) were used to
deliver 75 L·ha−1 carrier volume. Boom height above crop canopy was set at 0.50 m. At 3.3,
4.2, and 5.0 m·s−1 working speeds, the pressures were 250, 400, and 570 kPa, respectively.

Applications were performed between 9 and 11 am and meteorological data were
monitored using a digital thermo-hygro-anemometer (Kestrel® 3000, Boothwyn, PA, USA).
The average air temperature, relative humidity, and wind speed were 27 ◦C (±1), 75%
(±2), and 3.3 m·s−1, respectively.

2.2.3. Spray Deposition, Droplet Coverage and Density

The evaluation of spray deposition on soybean leaves was conducted when the crop
was in the R7.1 reproductive stage [30]. Similar methodology [31] to that previously
described in Experiment 1 was used in Experiment 2, including solution composition,
blue dye tracer, product rate, and extraction. After application, 10 soybean plants were
randomly selected, and in each plant, three leaves in each position (bottom and middle)
were collected. Leaves were separated and grouped by position and placed in plastic bags,
stored away from sunlight and heat until being processed afterwards in laboratory.

In addition, before application, kromekote cards (10 × 7 cm) (Masterprint, Maringá,
Paraná, Brazil) were positioned horizontally at the same positions where soybean leaves
were collected (30 and 80 cm above soil level). Cards were attached to paper holders
specifically designed for that purpose. After the application, cards were collected, grouped
by position, and placed in plastic bags, stored away from sunlight and heat until being
processed afterwards in laboratory. In the laboratory, the cards were scanned (Epson®,
Epson Perfection v19, Suwa, Japan) at 600 dpi resolution and analyzed by AccuStain 0.35
(AccuStain Software®, Urbana, IL, USA).

2.3. Statistical Analyses

Spray deposition, soybean yield, droplet coverage and density data were submitted to
assumption tests (Shapiro–Wilk for normality of residues and Levene for homogeneity of
variances) at 0.05 significance. Then, data were submitted to analysis of variance (ANOVA)
using the Snedecor F’s test and when significant, the means were compared to each other
using Tukey’s test at 0.05 significance. All tests were performed using the SPSS version 28.0
Statistical Program [33].

3. Results
3.1. Experiment 1
3.1.1. Spray Deposition

Applications with air assistance (level #3) and electrostatic charging increased tracer
deposition on the middle and top soybean leaves by 96% and 32%, respectively, in com-
parison to conventional spraying (Figure 2). Greater airspeeds did not result in a better
deposition on either the bottom, middle, or top leaves. On the bottom leaves, a lower
amount of tracer deposition was observed for airspeed level #5 in relation to airspeed levels
#3 and #4. However, those depositions did not differ from the conventional application.
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3.1.2. Soybean Yield

Soybean areas with conventional system application yielded 386, 562, and 621 kg·ha−1

less in comparison to areas which received applications through electrostatic charging and
air assistance at airspeed levels #3, #4, and #5, respectively (Figure 3). Applications using
airspeed level #5 resulted in a 15% higher grain yield than the conventional system. No
yield difference was observed between airspeeds ranging from 4385 to 4620 kg·ha−1, even
considering that a lower deposition on bottom leaves was obtained using airspeed level #5.

Agrochemicals 2023, 2, FOR PEER REVIEW 6 
 

levels #3 and #4. However, those depositions did not differ from the conventional appli-

cation. 

 

 

Figure 2. Spray deposition on bottom, middle, and top leaves of soybeans provided by air assistance 

(level #3: 21 m·s−1, level #4: 25 m·s−1, level #5: 30 m·s−1) associated with electrostatic charging. Bars 

with similar letters within leaf position do not differ using Tukey’s test at α = 0.05. 

3.1.2. Soybean Yield 

Soybean areas with conventional system application yielded 386, 562, and 621 kg·ha−1 

less in comparison to areas which received applications through electrostatic charging and 

air assistance at airspeed levels #3, #4, and #5, respectively (Figure 3). Applications using 

airspeed level #5 resulted in a 15% higher grain yield than the conventional system. No 

yield difference was observed between airspeeds ranging from 4385 to 4620 kg·ha−1, even 

considering that a lower deposition on bottom leaves was obtained using airspeed level 

#5. 

 

Figure 3. Soybean grain yield provided by air assistance (level #3: 21 m·s−1, level #4: 25 m·s−1, level 

#5: 30 m·s−1) associated with electrostatic charging. Bars with similar letters do not differ using 

Tukey’s test at α = 0.05 

3.2. Experiment 2 
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#5: 30 m·s−1) associated with electrostatic charging. Bars with similar letters do not differ using
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3.2. Experiment 2
3.2.1. Spray Deposition

A significant interaction between air assistance and working speed was observed
for the bottom (F = 4.748, ρ = 0.017) and middle (F = 6.116, ρ = 0.006) leaves. For air
assistance plus electrostatic application, the slowest working speed resulted in the greatest
tracer deposition on soybean leaves, which corresponded to 1.39- and 2.36-fold greater
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depositions on the bottom and middle leaves, respectively, in relation to the fastest speed
(Table 1). In contrast, no difference between speeds was observed for the conventional
application. At the 5.0 m·s−1 working speed, both application methods provided a similar
tracer deposition to leaves, whereas at 3.3 m·s−1, air assistance plus electrostatic increased
tracer deposits by 52% for the bottom leaves and 125% for the middle leaves in comparison
to conventional application.

Table 1. Spray deposition on bottom and middle leaves of soybean crops including air assistance
plus electrostatic charging and conventional applications at three working speeds.

Application
Method

Working Speed (m·s−1)

3.3 4.2 5.0

Tracer deposition on bottom leaves (
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3.2.2. Droplet Coverage and Density

On the bottom cards, a significant interaction between air assistance and working
speed was observed for droplet coverage (F = 5.276, ρ = 0.017) and density (F = 8.063,
ρ = 0.004). However, on the middle cards no interaction between factors was observed for
droplet coverage (F = 0.154, ρ = 0.859) and density (F = 0.569, ρ = 0.577).

Similarly, as noticed for spray deposition, the conventional application provided
similar results for the bottom cards across working speeds, ranging from 0.3% to 0.5%
coverage and 4 to 5 drops·cm−2 (Table 2). For the air assistance plus electrostatic application,
an increase by two percentage points in coverage and by nine drops·cm−2 in density
was obtained at 3.3 m·s−1 in relation to a 5.0 m·s−1 working speed when evaluating
bottom cards. At the 4.2 and 5.0 m·s−1 speeds, both application methods resulted in
similar droplet coverage and density on the bottom cards, whereas at 3.3 m·s−1, the
conventional application produced lower results, 5.4-fold for coverage and 3-fold for
density, in comparison to the air assistance plus electrostatic method.

Table 2. Droplet coverage and density on bottom cards provided by air assistance plus electrostatic
charging and conventional applications at three working speeds.

Application
Method

Working Speed (m·s−1)

3.3 4.2 5.0

Droplet coverage (%)

Air assistance
plus Eletrostatic 2.7 bB 0.8 aA 0.7 aA

Conventional 0.5 aA 0.3 aA 0.4 aA

Droplet density (drops·cm−2)

Air assistance
plus Eletrostatic 15 bB 6 aA 6 aA

Conventional 5 aA 5 aA 4 aA

Means followed by same letter, lower case in row and upper case in column, do not differ using Tukey’s test at
α = 0.05.
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Working speed did not affect droplet coverage and density on the middle cards
(Table 3). On average, 17.1% coverage and 113 drops·cm−2 were obtained across working
speed regardless of application method. Comparing methods, air assistance plus electro-
static resulted in 79% and 25% more droplet coverage and density, respectively, in relation
to the conventional application regardless of working speed. The highest coverage achieved
was 21.9% and the greatest density observed was 125 drops·cm−2 on the middle cards.

Table 3. Droplet coverage and density on middle cards provided by air assistance plus electrostatic
charging and conventional applications at three working speeds.

Application
Method

Working Speed (m·s−1)
Average

3.3 4.2 5.0

Droplet coverage (%)

Air assistance
plus Eletrostatic 20.6 21.2 24.1 21.9 B

Conventional 12.3 11.7 12.5 12.2 A

Average 16.5 a 16.5 a 18.3 a

Droplet density (drops·cm−2)

Air assistance
plus Eletrostatic 119 129 128 125 B

Conventional 80 103 119 101 A

Average 100 a 116 a 123 a

Means followed by same letter do not differ using Tukey’s test at α = 0.05.

4. Discussion
4.1. Experiment 1
4.1.1. Spray Deposition

In general, air assistance at level #5 plus an electrostatic system provided low deposi-
tion on the bottom soybean leaves in relation to the middle and top positions (Figure 2).
It is possible that the excessive airspeed caused the opposite effect, with the loss of spray
reaching the ground or the rebound of drops, especially in the top position. This in turn
could direct these drops upwards making them more prone to drift. However, a study
evaluated a similar application method during fungicide application on a cotton crop using
a spray volume of 60 L ha−1 and observed better spray deposition when using air assis-
tance at level #5 plus an electrostatic system in comparison to a conventional application
system [9].

In another study, the authors also obtained significant increases in fungicide deposition
and control of Phakopsora pachyrhizi Sydow and Sydow (causal agent of Asian Soybean
Rust) using an air assistance plus electrostatic charge application, especially on the bottom
leaves [34]. Researchers evaluated the use of a motorized knapsack sprayer with air
assistance (airspeed of 6 m·s−1) and droplet electrification (7 kV) on soybean crop using
56 L ha−1 [17]. The authors observed that the system allowed for an increase in spray
deposits on bottom leaves, which does not corroborate the results found in this study.
Moreover, the authors suggested that the faster airspeed can significantly increase spray
deposition on bottom leaves.

The use of air assistance helps with opening the crop canopy, which facilitates droplet
deposition on lower plant positions and reduces spray drift [13,18,35]. Electrifying fine
droplets less than 80 µm can also improve spray deposition and uniformity and reduce
losses due to evaporation and drift [11,36,37]. The association of air assistance with elec-
trostatic droplet charging may demonstrate a feasible alternative which can increase the
application efficiency [13]. However, more research must be conducted to better understand
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the behavior of these two systems used simultaneously on other crops, phenological stages,
and carrier volumes.

4.1.2. Soybean Yield

Fungicide applications to control Asian Soybean Rust with the air assistance sprayer
resulted in increases of up to 17% in grain soybean yield in relation to the conventional
sprayer [38]. Unlike the observations made by other authors [38] and those in this study,
other research has shown that applications with air assistance plus electrostatic charge
used to control silverleaf whitefly (Bemisia tabaci Genn.) on soybeans did not provide
yield increase in comparison to the conventional system [17]. It is important to mention
that the yield data from this study could not be replicated in multiple seasons due to
unfavorable weather events. Therefore, additional research should be conducted to confirm
these one-season yield results.

4.2. Experiment 2
4.2.1. Spray Deposition

One study evaluated spray deposition on soybean crops using a conventional self-
propelled sprayer at 80 and 150 L·ha−1 carrier volumes and working speeds of 2.8, 4.2, and
5.6 m·s−1 [25]. The authors found that the speeds did not influence the spray deposition
on the top and bottom leaves, which corroborates the results of this study considering no
air assistance and no electrostatic system. The authors also concluded that an 80 L·ha−1

carrier volume, which is very close to that used in this study, with the two slowest speeds,
led to a greater spray deposition. It is worth mentioning that the authors used air inclusion
nozzles with a pattern of coarse and very coarse droplets.

In another study, after evaluating the spray deposition on cotton leaves using a
conventional self-propelled sprayer with working speeds ranging from 4.7 to 7.2 m·s−1, it
was concluded that working speed did not influence the deposition of sprayed droplets [39].
The authors also tested a conventional self-propelled sprayer at 120 L·ha−1 carrier volume
and concluded that the spray deposition on the top cotton leaves at the flowering stage
was slightly higher using the lowest working speed (3.3 m·s−1) for both cone and flat-fan
nozzles, while for the bottom leaves, there was no difference across nozzles and speeds
(4.2, 5.0, and 7.0 m·s−1) [23], corroborating the results of this study.

It is important to mention that no research was found in literature which shows the
effect of working speed on spray deposition on soybean or other crops using boom sprayers
equipped simultaneously with air assistance and electrostatic droplet charging. Future
studies should be conducted to better understand how much the electrostatic droplet
charging affects spray deposition when associated with air assistance applications.

4.2.2. Droplet Coverage and Density

Another study evaluated droplet coverage on soybean crops with different spray noz-
zles at 4.2 and 9.7 m·s−1 working speeds through a conventional self-propelled sprayer [26].
The authors also concluded that the speed did not affect the percentage of coverage on the
bottom and top leaves. Based on the results shown in this study, it is possible to suggest
that, in cases of white mold (Sclerotinia sclerotiorum Lib.), Asian Soybean Rust, and other
diseases that first establish in the middle and bottom sections of plants, slower working
speeds (3.3 m·s−1) are an alternative method which can achieve greater droplet coverage
and density, especially using air assistance and an electrostatic system. Consequently, this
might improve control effectiveness, increase the interval between applications, and even
reduce the number of fungicide applications.

5. Conclusions

The use of air assistance (level #3) plus an electrostatic system increased the spray
deposit on the middle and top soybean leaves in relation to the conventional system.



Agrochemicals 2024, 3 116

Soybean yield increments of up to 621 kg·ha−1 were observed when air assistance
plus an electrostatic system was used in comparison to conventional application.

The lower working speed (3.3 m·s−1) combined with the air assistance and electrostatic
system provided the greatest spray deposition and droplet coverage and density on the
bottom soybean leaves.

The air assistance plus electrostatic system provided greater droplet coverage and
density on the middle soybean leaves regardless of working speed.
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