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Abstract

The water sensitive paper is commonly used in the uniformity and distribution ratings of the spray droplets
pattern; however, this technology still has a high cost. In this way, the present work had as objective to evaluate
the quality of deposition of spray drops in different types of papers sensitive to water. The test was carried out in
a wind tunnel built inside the multi-sport gymnasium of the State University of West Parana-campus of
Cascavel-PR. A semi-automated nozzle transition prototype was used to perform the tests. The variables
evaluated were number of diameters, dispersion, volumetric medium diameter (VMD), droplet density, cover and
droplet volume. The treatments consisted of four different types of paper compared to the water sensitive paper
(control), and two nozzles. Cardboard paper stood out among the others at the cost of approximately 1% of a
water-sensitive paper slip. The water sensitive paper used in agriculture can be replaced by alternative papers
more economically viable and easily found in the market.
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1. Introduction

The use of pesticide is increasing more and more, since it is still considered the main method of control of
invaders, pests and diseases in the plantations. Most of these products are liquid and spray-applied (Wang et al.,
2018). The application of these inputs is part of modern agriculture and this method of control contributes to the
productivity and quality of agricultural crops (Hilz & Vermeer, 2013).

The applications consist of the deposition of spray drops on the target, however the lack of uniformity causes the
inefficiency of the process. In this way, product drift can occur, causing waste and contamination of the
environment (Nascimento et al., 2013). The reduction of the drift and the maximization of the deposition of the

drops of the pesticides in the target is one of the main concerns of the application technique (Ferguson et al.,
2015).

Silveira et al. (2008) also affirm that ensuring the efficiency of treatments and preventing losses is the main
objective for controlling the factors that involve spraying. Since excess applications increase costs, they can
cause crop damage and contaminate the environment. In contrast, sub-application may result in low control over
the applied target and a reduction in crop yield (Sharda, Fulton, Mcdonald, & Brodbeck, 2011).
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For uniformity of application to occur, it is essential that the maintenance of the agricultural machinery is carried
out in a way that guarantees maximum execution efficiency. Another important characteristic is the correct
choice of spray nozzles and their operation (Siqueira & Antuniassi, 2011).

One of the techniques most used in studies that qualify the uniformity of spraying is through the use of water
sensitive paper (Ramos, 2000).

The water sensitive paper corresponds to a surface sensitive to humidity. These yellow colored papers, when in
contact with water, generate blue markings (Sadafi, Ruiz, Lucas, Jahn, & Hooman, 2017). The change in the
color of the paper is due to the presence of bromophenol blue, which in contact with water undergoes a pH
change from 2.8 to 4.6 (Turner & Huntington, 1970).

With the use of the water sensitive paper, it is possible to evaluate the application of the drops, by the amount
and characteristic of the drops deposited in the target (Nascimento et al., 2013). By means of the diameter and
the number of drops deposited on a certain area it is possible to estimate the total volume of the liquid that falls
on this surface (Chaim, Maia, & Pessoa, 1999).

The surface of the areas affected by the syrup change color, thus indicating how the defensive was applied,
which facilitates the evaluation of the quality of the spray. This technique makes it possible to evaluate the
quality of the application and shows a solution to make production more efficient, contributing to good practices
in the field (Syngenta, 2016).

Although the use of water sensitive paper is a very widespread technique between the scientific and agricultural
environment, the cost of paper with patented registration may make it unfeasible. Thus, it is necessary to search
for alternatives with economic feasibility that allows the farmer to perform a simple evaluation of the
applications, which are usually carried out during cultural treatments in pest and disease control.

In the market several types of papers with smaller value are available, and these can be used instead of the water
sensitive paper, that in spite of its specificity, becomes costly due to the necessity of using several papers for
analysis. And this alternative comes together to minimize costs for farmers who wish to use the technique to
assess the uniformity, drift and quality of application in the field. Therefore, the objective of this work was to
search for viable alternatives in substitution of the water sensitive paper to reduce the cost of utilization and to
evaluate the technical feasibility of the use of the alternative papers in the applications of the pesticides.

2. Method

The experiment was conducted at the Western Parana State University- Unioeste, in a covered multi-gymnasium
belonging to the campus of Cascavel-PR. The experiment was carried out using the prototype of embedded
automation of terrestrial bar sprayers for the application of low-cost agricultural pesticides, which has three
sections (bars B1, B2 and B3, each with 2.65 meters). Each bar uses a set of nozzles, with a distance of 0.50
meters between them, and five spray tips, two of them with flat fan type (models BD-02 and BD-015) and one
cone type (model CV-IA-015), both produced by the company Magnojet®.

The prototype was produced at the Defensive Application Technology Laboratory of UNIOESTE campus in
Cascavel, PR (Figure 1).

Figure 1. Control stand: safety shut-off button (A), system switch (B), control module (C), motor (D), spray
pump (E), filter (F), solenoid valve (G), reservoir (H), bar and spray nozzles (I)
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A wind tunnel with dimensions of 15 x 2 x 2 meters (length, width and height, respectively) was constructed.
The tunnel structure was constructed in wood (pinus), the roof and sides of the tunnel were closed using black
plastic canvas (200 pum) of polyethylene and low density, with both ends open to facilitate airflow. The
constructed wind tunnel was based on the model described by Fietsam, Young, and Steffen (2004), specifically
for trials in agriculture (Figure 2).

Four types of water-sensitive papers were used: sulphite, cardboard, paperboard and rives tradition 250. The
commercial water sensitive paper was the control (control) treatment. All papers were sized in the standard size
of commercial water-proof papers, 76 x 26 mm.

Sulphite paper (Chamex office®) also called parchment or Offset, is the type of common white paper used for
printing. It can have several colors and sizes, the most common being the A4 size (21 cm x 29.7 cm) white. Its
name is given due to the addition of sulphite. The weight of this paper is 75 g cm™.

Cardboard paper (Multiverde®) is characterized by being a type of thick, rigid and compact paper, widely used
for making boxes and packaging. The weight is 180 g cm™.

Cardboard paper (Holler®) is manufactured for various uses, such as the preparation of paint panels, the creation
of notices and school work, with a weight of 120 g cm™.

Rives tradition (Antalis Brasil S.A.®) 250 paper is a white paper with texture, being more used in the making of
wedding invitations. It has a weight of 250 g cm™.
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Figure 2. Wind tunnel constructed by Fietsam, Young and Steffen (2004)

The syrup used in the evaluations consisted of water and liquid dye of the trademark Xadrez, in blue and black
colors, in order to color the papers tested with the spray syrup. This highlights the drops on the white surfaces of
the papers for the data digitization.

A wooden cart was constructed to fix the papers with a 1.20 m slat in the center and five slats spaced 30 cm apart
to facilitate the movement of the papers under the spray bars, since they were fixed inside the tunnel of wind so
as not to be subject to wind interference. To make the movement of the cart was tied a rope in the central lath and
used a study table to serve as pulley, thus increasing and standardizing the speed traveled. An average velocity of
4 m.s™ was used for the two passes, this velocity was calculated by means of a distance known for the time it
took to be traversed. Two passes were made, one for each type of beak, with 5 repetitions each. Five papers of
each type (water sensitive paper, cardboard, paperboard, sulphite and rives tradition 250) were used, totaling 45
papers per pass.

To collect the data with the spray nozzles of the two bars, the working pressure was defined, according to the
manufacturer’s recommendation of 4.1 bar. The pressure chosen also considered a pressure that both nozzles
would accept, following manufacturer’s recommendations.

Table 1 shows the technical recommendations of each manufacturer and for each type of spray tip used.
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Table 1. Technical characteristics of the spray tips provided by the manufacturer (Insert year of publication of the
manufacturer’s catalog)

Parameters BD-015 CV-IA-015
Pressure range (Bar) 1-4.1 3.1-10.4
Height (cm) 50-60 50-60
Spanking (cm) 50 50

Angle 110 100

Flow rate (mL min™") 700 700

Type Fan Cone
Manufacturer Magnojet® Magnojet®

After the calibration of the equipment, the tests were started. The equipment was activated, and for its
stabilization it was waited 5 seconds. Once stabilized, the movement of the cart was started, simulating the drag
with the different types of paper. The trolley passed under the bar that was static for spraying the syrup on the
test papers, this process was repeated for both types of nozzles, following the same test pattern.

Thus, after the spraying procedure, the test papers were collected, for the measurement of the drop spectra for the
two types of nozzles in two stages.

Soon after the passage of the cart, the test papers were collected and scanned, because as they are sensitive to the
humidity of the air, it was tried to scan as quickly as possible. The papers were scanned on a HP 3180
Hewlett-Packard® scanner (with a minimum resolution of 600 dpi), and the images were cut and processed in
the Quant software.

Quant software processes from photos obtained by satellites to those made by microscopes and allows the
application of filters, contrast and operations between channels to fit the images, because the surfaces of the
papers tested are white, the individual images of each paper were processed in the software Quant in order to
match the color of the water sensitive paper to be processed in the Drops software (Version 2.2, Embrapa). The
program analyzes the deposition of pesticides to determine the number of droplets, number of diameters,
disll;)ersion, volumetric medium diameter (VMD), droplet density (drops cm™), cover (%) and droplet volume (L
ha™).

The statistical design used was a 2 x 5 factorial, two types of nozzles and five types of paper. The results were
obtained by ANOVA and the means were compared by Tukey’s test at 5% of significance, using Sisvar 5.6
software (Ferreira, 2015). We also used the software GOTAS Version 2.2, (Embrapa, 2010) for the analysis of
the papers.

The software Quant produced photos by means of satellites up to them by microscopes and enabled the
application of filters, contrast and operation between channels for images such as the clouds of the papers tested,
as individual images of each paper were processed in the Quant software in order to match.

3. Results

Table 2 shows the interactions according to analysis of variance (ANOVA). From the ANOVA, it was verified by
means of test f, that both types of BD-015 and CVIA-015 nozzles do not differ statistically from each other (p >
0.05), for any type of paper, that is, none of the nozzles was influenced by the response variable. Therefore, the
papers tested are different (p < 0.05), that is, at least one pair of papers are different, so at least one type of paper
was influenced by the response variable.

Table 2. Analysis of variance of the treatments studied (N = 50)

Source of variation DF Sum of squares Mean square F P
Beak 1 4685.12 4685.12 1.38 0.2480
Paper 4 560006.88 140001.72 41.2 0.0000*
Repetitions 4 3535.48 883.87 0.26 0.9015
X-Beverage Treatment 4 8642.08 2160.52 0.64 0.6402
Residue 36 122299.72 3397.21 - -

Total corrected 49 69916928

CV (%) =24.38
Average overall: 239.12
Note. * level of significance used in the F test: 5%.

531



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 6;2019

Figure 3. Papers spraying pattern treated in the Quant (H: hydrosensitive, S: sulphite, Ct: Card, C: paperboard,
Rt: rives tradition 250)

Table 3. Comparisons of the means of the parameters number of diameters, dispersion, volume, density, coverage
and volumetric median diameter (VMD) for the five treatments studied

Treatment Number of diameters  Dispersion  Volume Density Coverage = VMD
Lha drops cm™ %

Hydrosensitive (control) 402 a 1.85a 2594 a 260.89 a 38 6284 a

Card 317b 1.43b 14520 205.86 ab 24 586.1a

Carton 197 ¢ 1420 53.1c¢ 167.18 be 10 402.4b

Rives T. 250 172 cd 1.27b 324c¢ 138.77 be 7 3182 be

Sulphite 108d 1.35b 14.1¢ 12473 ¢ 4 2384 c

Note. * Equal letters in the column represent averages statistically equal to 5% of significance, by Tukey’s test.

Table 3 shows the comparisons of the means of the analyzed variables. For the number of diameters, the water
sensitive paper (control) collected 402 diameters and this was statistically larger than the others. Oliveira (2017)
in tests with water sensitive paper found values lower than 400 diameters with the types of nozzles tested.
Among the other papers, the paper presented 317 diameters with values close to those of the water sensitive
paper.

It is observed that for the dispersion the sulphite paper with a value of 1.85 presents the highest value between
the papers, this is due to the weight of this paper being smaller, resulting in the better spreading of the liquid of
the syrup. The other papers were statistically equal to the paper considered standard (water sensitive paper),
making possible the substitution of these papers valid for the dispersion test of agrochemicals. Oliveira (2017) in
similar work found near dispersion values by testing water sensitive paper with the same types of nozzles.

The water sensitive paper presented higher volume collection (259 L ha™), therefore, statistically higher than the
others, and the paper that came closest was the card (145 L ha™"), but statistically different and smaller than the
control, with approximately 56% less. The other papers (paperboard, rives tradition 250 and sulphite) were lower
than the control and statistically equal among them.

For Cunha, Texeira, Coury and Ferreira (2003), the spray volume directly influences the size of the droplet, and
the larger the spray volume, the larger the drop and the smaller the volume produces smaller droplets susceptible
to drift loss and evaporation. However, Morais et al. (2016) reported different results than expected, with a
decrease in number and density of droplets with higher application volumes. External variables, such as weather
conditions, may interfere with the number and size of droplets.

It is verified that the only paper that did not differ from the water sensitive paper in terms of density was the
paperboard that presented a value of 205.86 drops cm™, the other papers did not statistically equate with the
control paper with a significant minimum difference (SMD) of 74.4 drops cm™. It can be observed that the water
sensitive paper had a higher density (260 drops cm?) when compared to paperboard (205 drops c¢cm™),
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approximately 80% larger. In this case the papers (cardboard, paperboard and sulphite) can replace the water
sensitive paper in the collection of density. Scudeles, Raetano, and Araujo (2004), studied sthephon spray
(growth accelerator) in coffee trees, these authors obtained mean droplet densities of 30 to 60 cm™ drops in the
upper part olf the plant and 217 to 230 cm™ drops in using Arbus 400 equipment and JA2 nozzles (corresponding
to 200 L ha™).

The water sensitive paper presented a higher percentage of coverage (38%), being statistically higher than the
others, which was closer to that of paper, but statistically different and smaller than the control sample (24%).
The papers (paperboard and rives tradition 250) were lower than the control and statistically equal, as were the
papers (rives tradition 250 and sulphite). The current coverage values were higher than those obtained by Ramos
et al. (2007) on citrus leaves using an Arbus 2000 spray at variable volumes of 50 to 200 L ha™.

The water sensitive paper and paperboard were statistically the same, with a minimum significant difference of
159 um, where the water sensitive paper had VMD of 629 um and the paperboard had 586 um, paper
(paperboard and rives tradition 250) were lower than the control and statistically equal, as well as the roles (rives
tradition 250 and sulphite), which differs to the values found by Cunha, Teixeira and Ferreira (2003) in a similar
work in which it evaluated, among other parameters, the VMD, in which it found values that varied from 83 to
129 um when the empty conical jet nozzles were used, and from 124 to 214 um in the flat jet nozzles.

4. Conclusions

The water sensitive paper used in agriculture can be replaced by alternative papers more economically viable and
easily found in the market.

The paper presented more expressive and similar results to the water sensitive paper, at the cost of approximately
1% of a paper of the water sensitive paper.
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