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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 Paraná-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. 

Keywords: agriculture, application, spectrum of drops, uniformity 

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). 



jas.ccsenet.

For unifor
out in a w
choice of s

One of the
sensitive p

The water 
contact wi
color of th
change fro

With the u
and charac
the numbe
on this sur

The surfac
which fac
quality of 
in the field

Although t
environme
for alterna
application

In the mar
sensitive p
analysis. A
assess the 
search for 
evaluate th

2. Method
The experi
belonging 
automation
sections (b
meters bet
cone type 

The protot
Cascavel, 

 

Figure 1

org 

rmity of applic
way that guara
spray nozzles a

e techniques m
paper (Ramos, 

sensitive pape
ith water, gen
he paper is du
om 2.8 to 4.6 (T

use of the wat
cteristic of the
er of drops dep
rface (Chaim, M

ce of the area
ilitates the ev
the application

d (Syngenta, 20

the use of wat
ent, the cost of
atives with e
ns, which are u

rket several typ
paper, that in 
And this altern

uniformity, dr
viable alterna

he technical fe

d 
iment was con
to the campu

n of terrestria
bars B1, B2 an
tween them, an
(model CV-IA

type was prod
PR (Figure 1).

1. Control stan
pump (E

ation to occur,
antees maxim
and their opera

most used in s
2000). 

er corresponds
erate blue mar
ue to the prese
Turner & Hun

er sensitive pa
e drops deposit
posited on a ce
Maia, & Pesso

as affected by 
valuation of th
n and shows a 
016). 

ter sensitive pa
f paper with pa
conomic feas
usually carried

pes of papers w
spite of its sp
native comes t
rift and quality

atives in substi
asibility of the

nducted at the 
us of Cascave
al bar sprayers
nd B3, each w
nd five spray 

A-015), both pr

duced at the D
. 

nd: safety shut-
E), filter (F), s

Journal of A

, it is essential
mum execution

ation (Siqueira

studies that qu

s to a surface 
rkings (Sadafi
ence of bromo

ntington, 1970)

aper, it is poss
ted in the targ
ertain area it is
oa, 1999). 

the syrup cha
he quality of t

solution to m

aper is a very 
atented registr

sibility that al
d out during cu

with smaller va
ecificity, beco
together to mi
y of applicatio
itution of the w
e use of the alte

Western Paran
l-PR. The exp
s for the appli
with 2.65 mete
tips, two of th
roduced by the

Defensive App

-off button (A)
solenoid valve 

Agricultural Sci

529 

 that the maint
n efficiency. A
a & Antuniassi

ualify the unifo

sensitive to hu
i, Ruiz, Lucas
ophenol blue, 
). 

sible to evalua
get (Nasciment
s possible to e

ange color, th
the spray. Thi
ake production

widespread te
ration may mak
llows the farm

ultural treatmen

alue are availa
omes costly du
inimize costs 
on in the field
water sensitive
ernative paper

ná State Unive
periment was 
ication of low
ers). Each bar 
hem with flat f
e company Ma

plication Tech

), system switc
(G), reservoir

ience

tenance of the 
Another impor
i, 2011). 

ormity of spra

umidity. These
s, Jahn, & Hoo

which in con

ate the applicat
to et al., 2013

estimate the tot

hus indicating 
s technique m
n more efficien

chnique betwe
ke it unfeasibl
mer to perfor
nts in pest and

able, and these
ue to the nece
for farmers w

d. Therefore, th
e paper to red
rs in the applic

ersity- Unioeste
carried out us

w-cost agricult
uses a set of 

fan type (mod
agnojet®.  

hnology Labor

ch (B), control
r (H), bar and s

agricultural m
rtant character

aying is throug

e yellow color
oman, 2017). 

ntact with wate

tion of the dro
). By means o
tal volume of 

how the defen
makes it possib
nt, contributin

een the scienti
le. Thus, it is n
rm a simple 

d disease contro

e can be used i
ssity of using 

who wish to us
he objective o

duce the cost o
cations of the p

e, in a covered
sing the proto
tural pesticide
nozzles, with 
els BD-02 and

ratory of UNIO

 
l module (C), m
spray nozzles (

Vol. 11, No. 6;

machinery is ca
ristic is the co

gh the use of w

ed papers, wh
The change in
er undergoes 

ops, by the am
of the diameter
the liquid that

nsive was app
ble to evaluat

ng to good prac

fic and agricul
necessary to se
evaluation of

ol. 

nstead of the w
several paper

se the techniqu
of this work w
of utilization an
pesticides. 

d multi-gymna
otype of embe
s, which has 
a distance of 

d BD-015) and

OESTE campu

motor (D), spr
(I) 

2019 

arried 
orrect 

water 

en in 
n the 
a pH 

mount 
r and 
falls 

plied, 
e the 
ctices 

ltural 
earch 
f the 

water 
rs for 
ue to 

was to 
nd to 

asium 
edded 
three 
0.50 

d one 

us in 

ay 



jas.ccsenet.

A wind tu
The tunne
plastic can
constructe
for trials in

Four types
commercia
of commer

Sulphite p
printing. It
name is gi

Cardboard
for making

Cardboard
of notices 

Rives trad
wedding in

 

 

The syrup 
colors, in o
the papers 

A wooden 
to facilitat
as not to b
used a stud
4 m.s-1 wa
took to be
each type 
papers per

To collect 
manufactu
would acc

Table 1 sh

 

org 

unnel with dim
l structure wa
nvas (200 μm
d wind tunnel
n agriculture (F

s of water-sen
al water sensit
rcial water-pro

paper (Chamex
t can have sev
ven due to the

d paper (Multiv
g boxes and pa

d paper (Holler
and school wo

dition (Antalis 
nvitations. It h

Figu

used in the ev
order to color 
for the data di

cart was cons
te the moveme
be subject to wi
dy table to serv
as used for the
e traversed. Tw
(water sensitiv

r pass.  

the data with
urer’s recomm
ept, following 

ows the techni

mensions of 15
s constructed 

m) of polyethy
l was based on
Figure 2).  

nsitive papers 
tive paper was
oof papers, 76 

x office®) also
veral colors an
e addition of su

verde®) is cha
ackaging. The 

r®) is manufac
ork, with a wei

Brasil S.A.®) 
has a weight of

ure 2. Wind tun

valuations con
the papers test
igitization. 

structed to fix t
ent of the pape
ind interferenc
ve as pulley, th
e two passes, t
wo passes were
ve paper, cardb

h the spray noz
endation of 4
manufacturer

ical recommen

Journal of A

5 × 2 × 2 mete
in wood (pinu
ylene and low
n the model de

were used: su
s the control (c
× 26 mm. 

o called parchm
nd sizes, the m
ulphite. The we

aracterized by 
weight is 180 

ctured for vario
ight of 120 g c

250 paper is a
f 250 g cm-2. 

nnel constructe

nsisted of wate
ted with the sp

the papers with
ers under the sp
ce. To make th
hus increasing 
this velocity w
e made, one fo
board, paperbo

zzles of the tw
.1 bar. The pr
’s recommend

ndations of eac

Agricultural Sci

530 

ers (length, wi
us), the roof an
w density, wit
escribed by Fi

ulphite, cardbo
control) treatm

ment or Offse
most common b

eight of this pa

being a type o
g cm-2.  

ous uses, such
cm-2.  

a white paper w

ed by Fietsam,

er and liquid d
pray syrup. Th

h a 1.20 m slat
pray bars, sinc

he movement o
and standardi

was calculated 
or each type o
oard, sulphite 

wo bars, the w
ressure chosen
dations. 

ch manufacture

ience

idth and heigh
nd sides of the
th both ends 
etsam, Young,

oard, paperboa
ment. All paper

t, is the type o
being the A4 s
aper is 75 g cm

of thick, rigid 

h as the prepara

with texture, b

, Young and St

dye of the trad
his highlights th

t in the center 
ce they were f
of the cart was 
zing the speed
by means of 

of beak, with 5
and rives trad

working pressu
n also conside

er and for each

ht, respectively
e tunnel were 
open to faci

, and Steffen (

ard and rives 
rs were sized i

of common wh
size (21 cm × 2
m-2.  

and compact 

ation of paint p

being more use

teffen (2004) 

emark Xadrez
he drops on th

and five slats 
fixed inside the
tied a rope in 

d traveled. An 
a distance kno

5 repetitions ea
dition 250) wer

ure was defined
red a pressure

h type of spray

Vol. 11, No. 6;

y) was constru
closed using b
litate airflow. 
(2004), specifi

tradition 250.
in the standard

hite paper use
29.7 cm) whit

paper, widely 

panels, the cre

ed in the makin

 

z, in blue and b
he white surfac

spaced 30 cm 
e tunnel of win
the central lath
average veloci
own for the tim
ach. Five pape
re used, totalin

d, according t
e that both no

y tip used. 

2019 

ucted. 
black 

The 
ically 

 The 
d size 

d for 
te. Its 

used 

ation 

ng of 

black 
ces of 

apart 
nd so 
h and 
ity of 
me it 
ers of 
ng 45 

o the 
zzles 



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

531 

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-1) 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, 
dispersion, volumetric medium diameter (VMD), droplet density (drops cm-2), cover (%) and droplet volume (L 
ha-1). 

The statistical design used was a 2 × 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 699169.28    
CV (%) = 24.38      
Average overall: 239.12      

Note. * level of significance used in the F test: 5%.  
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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 Araújo (2004), studied sthephon spray 
(growth accelerator) in coffee trees, these authors obtained mean droplet densities of 30 to 60 cm-2 drops in the 
upper part of the plant and 217 to 230 cm-2 drops in using Arbus 400 equipment and JA2 nozzles (corresponding 
to 200 L ha-1). 

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-1. 

The water sensitive paper and paperboard were statistically the same, with a minimum significant difference of 
159 μm, where the water sensitive paper had VMD of 629 μm and the paperboard had 586 μm, 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 μm when the empty conical jet nozzles were used, and from 124 to 214 μm 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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