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Abstract: Irrational use of chemical method for crop protection, presents increasingly serious risks for human health and
the environment. Droplet size and meteorological parameters are key factors to both environmental contamination and
pest control efficacy. The objective of this study is to assess the impact of the nozzle use parameters, the operating pres-
sure and the wind speed on droplet foliage deposition (retention) and soil deposition (losses), when treating artichoke.
Several combinations were tested in a wind tunnel and in the field, under Mediterranean microclimatic conditions,
using a fluorescent dye as a substitute for pesticide. Multiple regression models were built from tunnel data to predict
foliage deposition and soil deposits, with determination coefficients of 0.96. Thus, models are able to simulate pesticide
deposition on artichoke leaves and soil deposition, depending on sprayer parameters and wind speed. Foliage deposi-
tion and soil deposits rates ranged from 30 to 52% and 26 to 57% respectively for anti-drift nozzle. For conventional
nozzle, rates varied from 20 to 38% and 31 to 62%. To improve retention and reduce spray losses, it is recommended
to choose a medium droplet size when using an anti-drift nozzle, in conjunction with medium nozzle size, medium
pressure and reduced wind speed.
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The inappropriate use of pesticides might result
in significant losses of active ingredients that could
be hazardous to health, the environment and farm-
ers' income. These losses are predominantly due
to the large amounts of spray being transferred to
the environment, to the soil in particular, during the
application. While spraying, the fine droplets are
carried by the wind (drift), while the larger droplets
are deposited on the ground due to run-off on the fo-
liage. Researchers have conducted several studies
on droplets behavior on leaf surfaces to understand

better the process of droplet deposits on soil. All
these studies have confirmed the diversity and com-
plexity of the factors governing pesticide losses on
the soil. Wang et al. (2018) explained that droplet
adhesion is a function of interactions between active
ingredients in the spray before and during droplet
impact along with leaf surface characteristics and
droplet properties, mainly the size and the veloc-
ity. Spray droplet size is arguably one of the most
important factors in controlling particle behavior
in terms of both environmental contamination and
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efficacy during pesticide application. When com-
bined with inadequate weather conditions, droplet
size can contribute to pesticide deposition on plants
and their deposits on the soil, resulting in increased
soil contamination and reduced efficacy (De Oliveira
2018). Yao et al. (2014) reviewed droplet size effects
on wheat leaf wettability and spray retention. They
concluded that droplet size affects directly the spray
deposition on the target, explaining that smaller
droplet size generates a good contact at the impac-
tion site, allowing for high retention efficiency. Oz-
kan (2016) reported that, a droplet size smaller than
100 um reduces ground contamination by increas-
ing droplet retention on the foliage. However, when
the droplet size decreases, the spray becomes more
sensitive to the wind speed (Teske et al. 2002).

Sprayer parameters have a direct effect on the
spray characteristics, especially on droplet size
(Teske et al. 2002). Accordingly, they might have
a definite impact on droplet deposition on leaves
(Df) and pesticide deposits in the soil (Ds) dur-
ing spraying. Allagui (2019) showed that droplet
size is largely determined by the nozzle type (NT),
the nozzle size (S) and the operating pressure (P).
She found that for a given nozzle type, within
a droplet size range; increasing S and decreasing
P while spraying systematically reduce D, and fa-
vor D_. In their turn, Nuyttens et al. (2007) found
that, larger orifice produced larger droplets. More-
over, they reported that air induction nozzle pro-
duces large droplets and presumably resulting in a
D increase. In practice, the droplet size is defined
by the volume diameter (in um) below which lies
the size of 50% of the total sample volume, com-
monly known as volume median diameter (VMD)
and providing information on the droplet spectra
of the total sample volume. Differences in droplet
spectra and deposition pattern can be observed
with higher VMD when compared to the lower
ones: the higher the VMD is, the larger the droplets
size will be (Allagui 2019). Consequently, droplets
with a low VMD (smaller than 200 pm) are more
susceptible to drift, while those with a high VMD
(greater than 400 pum) are more likely to run off on
the leaves (Ozkan 2016). In order to reduce soil de-
posits, it is a common practice to increase the VMD
in the spray by selecting a different nozzle, reducing
the liquid pressure or increasing the spray nozzle
size (Creech et al. 2015).

To understand the pesticide deposition process
and to predict Df and Ds, researchers have been fol-
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lowing different approaches. Allagui et al. (2018)
cited extensive research that has been focused on
understanding the spray movement near the plant
area. They reported that various computational
models were developed to simulate the drop-
lets deposition process (Forster et al. 2005; Dorr
et al. 2014). However, the aforementioned mod-
els are complex due to diverse factors that govern
the droplet deposition process, the reason why,
several researchers have approached the problem
differently. These, have considered different reten-
tion process including, all at once, a spray trajec-
tory model, a droplet collision model, a run-off
model and a plant canopy model. This approach
can be either fully applied by modeling all the re-
tention process (Mercer et al. 2007), or partially ap-
plied by choosing to model only two or three stages
of this process (Forster et al. 2005; Dorr et al. 2014).
In either case, the last stage consists of combining
the developed models to estimate D, and D_depos-
its. To predict retention and soil deposits, statistical
modeling has been used widely (Lammertyn et al.
2000; Li et al. 2020). Results of these studies have
clearly proved that the regression analysis provided
good assessments of the effects of physical sprayer
parameters and meteorological factors on droplet
deposition. The Spray Drift Working Group in the
USA has developed the well-known "AgDRIFT"
model to predict both plant canopy retention and
post-spraying drift (Teske et al. 2002). In addition,
AgDRIFT was partly based on an empirical model
constructed from ground spraying observations.
In our context, the Bayesian network approach
(BNA), can be used to exploit the dependence re-
lationships between local conditions in a model
to conduct investigations for prediction and diag-
nostic analyses (Bonzanigo et al. 2016).

The purpose of this paper is to examine the impact
of NT, S, P and the wind speed (WS) on pesticide
deposition on artichoke leaves as well as soil depos-
its in order to evaluate how these parameters affect
the environmental efficacy and phytosanitary treat-
ment efficacy. We developed multiple regression
and BNA models to assess relationships between
the four parameters mentioned above and depo-
sition rates (D; and D) during the artichoke treat-
ment in Tunisia, under Mediterranean conditions,
and also to determine recommendations to follow
in order to achieve the best results (Ni et al. 2011).
The models were tested by correlating D, and D_ be-
tween experimental and predicted rates.
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MATERIAL AND METHODS

This study was conducted at the National Re-
search Institute for Rural Engineering, Water and
Forestry (INRGREF), North of Tunisia to evalu-
ate pesticide deposition on foliage and soil depos-
its during the treatment of the artichoke across the
NT, S, P and the WS.

In 2017, an experimental campaign was accom-
plished in a wind tunnel followed by another in 2018
under field conditions to measure droplet depo-
sitions on artichoke foliage (D,) and those falling
on the soil (D), in percentage of the application rate,
using a two nozzle types, with different nozzle sizes
and operating pressures. Data from the wind tunnel
measurements were used to develop multiple regres-
sion models for predicting D; and D_. Results from
these models were compared with those obtained
experimentally, and with other researchers' results.

Wind tunnel tests setting. Tests were conduct-
ed in the INRGREF's wind tunnel between Janu-
ary 15 and March 9, 2017, during artichoke spray-
ing season. At the time of the study, artichoke plants
(Violet d'Hyeres variety) were at the Germanium
Federal Biological Research Centre for Agriculture
and Forestry (BBCH) growth stage of 57-507.
A boom equipped with pressurized liquid technol-
ogy and a three nozzles boom was used (Figure 1).
Two ISO flat-fan nozzle types of 110-degree (Albuz,
France) were tested: a low-drift nozzle (AD) with air-

Three nozzle boom
in the wind tunnel

Retention
measurement
on foliage

S
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Ground deposits
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- plastic carpets 2R

Figure 1. Measurement of deposition on foliage (D,) and
soil deposits (DS) in the wind tunnel

induction technology and a conventional one (CL)
for traditional Flat Fan. Each one was tested with
sizes of 02, 03 and 05 (noted S02, S03 and SO5 respec-
tively). All combinations NT-S, were tested at three
pressures of 3 bar (P3), 4 bar (P4) and 6 bar (P6), with
a travel speed (TS) of 5 km/h and a spray width (SW)
of 1.5 m. Depending on the combination NT-S-P,
TS and SW, the application rate ranged from 64 to
234.4 L/ha. NT, S and P were selected based on the
Tunisian farmers' standards. The boom was in move-
ment and adjusted at 0.5 m above the plant; with
anozzle spacing of 0.5 m. The meteorological param-
eters were a constant temperature (T) of 25 °C, a con-
stant humidity (RH) of 40% and three wind speeds
of 2, 3 and 5 m/s (WS2, WS3 and WS5 respectively).

Tests were performed by spraying the Brilliant
Sulfo-Flavin tracer [BSF (Biovalley, France)] at a con-
centration of 1 g/L, as a substitute for pesticide (Gil
et al. 2007; Allagui et al. 2018). To capture deposits,
artichoke leaves acted as collectors for D, while small
plastic carpets were used under the plant foliage for
D (Bahrouni et al. 2008). The artichoke plants used
in the wind tunnel were cut from the field the on day
of the tests, and placed into plastic pots separately.
Measurements were conducted by placing in a com-
pletely randomized design three pots under the wind
tunnel boom in movement and three plastic carpets
under the plant foliage, through the long axis of the
spray cloud in a downward direction (Figure 1), with
six replications, giving a total of 108 measurements.
Fluorescent dye was extracted by rinsing each collec-
tor with a water volume of 1.5 L for plants foliage and
0.4 L for carpets (Allagui 2019) and the BSF concentra-
tion was later determined by fluorimetry. The wave-
length used in fluorescence determination at emission
and excitation were respectively of 500 and 455 nm.
Deposits were calculated using the formula of Van
de Zande et al. (2017), based on the average of the
three rinsing solutions of each collector type and con-
sidering the leaf area index (LAI) of the plants.

Drifting was calculated to gain a comprehensive
overview of the spray volume fate and to highlight
any general losses during spraying. To this end, as-
suming that unmeasured amounts of spray corre-
spond to losses by drift, and considering that the ap-
plication rate per hectare (Q) corresponds to 100%
of the spray, the drift rate (D ) was obtained by calcu-
lating the difference between Q and total measured
deposition [Equation (1)]:

D, (%) =100— (D, +D,) 1)

335



Original Paper

Plant Protection Science, 57, 2021 (4): 333-343

Multiple regression analysis and ANOVA were
performed on the tunnel data using SPSS software
(version 20). Deposition rates D, and D,, expressed
in percentage of the application rate, were considered
as the dependent variables (Yi) and their variation is
considered to be significant when P < 0.05. The inde-
pendent variables (Xi) assumed to influence D and D
had been NT, S, Pand WS. NT was noted as 1 for AD
nozzle and 2 for CL nozzle. The experimental data set
was used to test obtained models [Equations (2) and
(3)], taking into account all variable effects.

D, and D_were also analyzed with BNA using Net-
ica software (version 6.05) to highlight the causal
links between all variables mentioned above. To be
introduced to Netica, D,and Ds should be classified
as "low deposit", "medium deposit” and "high depos-
it". Thus, it was considered that the level of D, and
D_was high for rates greater than 40%, it is medium
in the range of 30—40% and low for rates below 30%.

The size of the droplets of the eighteen combinations
selected (2NT x 3S x 3P) was previously analyzed in
the INRAE Institute (Montpellier, France), us-
ing a Phase Doppler Analyze [PDA (Malvern Spray-
tec Laser: Malvern Instruments Ltd, USA)] according
to the method of Nuyttens et al. (2007), to determine
the VMD and the spray spectrum quality.

Table 1. Field tests parameters settings

https://doi.org/10.17221/29/2021-PPS

Field tests setting. Simplified field experiments
were performed to consolidate the models valida-
tion using field data. The test plot was laid out in
a strip system implemented in a mixed model (split-
plot/crossed) in a randomized complete block with
three replications.

All tests were conducted between January 16 and
February 17, 2018, during artichoke spraying sea-
son, in accordance with the protocol and the sprayer
parameters settings of wind tunnel experiments,
except for the travel speed that ranged from 1.5 to
6 km/h while the application rate was kept constant
at 200 L/ha. T, RH and WS were measured during
each test, using a multifunction measuring instru-
ment. The field parameters settings are presented
in Table 1. Each combination was tested three times,
which meant that a total of 54 measurements were
carried out in the field.

RESULTS

Droplet size analysis. Droplet size data and spray
quality of the combinations selected are presented
in Table 2. The VMD varied from 273 to 409 pm
for AD, and only from 154 to 230 um for CL.
According to the British Crop Protection Council

Nozzle type Nozzle size Pressure  Practical travel speed Tempcerature Relative humidity =~ Wind speed
(bar) (km/h) (°C) (%) (m/s)
3 1.5 19 42 2.4
02 4 2.0 19 38 2.2
6 2.5 19 35 2.2
3 2.5 21 47 2.3
Anti-Drift 04 4 3.0 20 50 2.0
6 3.5 20 53 1.8
3 4,0 22 47 2.4
05 4 4.5 21 51 2.1
6 6.0 20 55 1.7
3 1.5 18 61 2.2
02 4 2.0 18 61 2.0
6 2.5 19 60 1.8
3 2.5 19 58 1.0
Conventional 04 4 3.0 19 58 1.5
6 3.5 20 55 1.9
3 4.0 18 59 2.6
05 4 4.5 19 58 2.8
6 6.0 19 58 3.0

Application rate — 200 L/ha; spray width — 1.5 m
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Table 2. Volume median diameter (VMD) and spray quality for anti-drift (AD) and conventional (CL) nozzles, three
nozzle sizes (502, S03, S05) and three pressures (3, 4, 6 bar)

Nozzle size Pressure AD cL
(bar) VMD (um) spray quality VMD (pm) spray quality
3 390 C 184 F
02 4 338 C 170 F
6 285 M 154 F
3 369 C 204 F
03 4 324 C 183 F
6 273 M 167 F
3 409 C 230 M
05 4 324 C 209 M
6 282 M 192 F

C - coarse; M — medium; F — fine

classification (Nuyttens et al. 2007), in general, AD
corresponds to coarse spray, while CL to a fine spray.

As expected, results indicated that, for a given
NT, increasing P results in a reduction of the VMD.
Clear differences were found in VMD between
the three pressures P3, P4 and P6. However, increas-
es in VMD were found when changing S from S02
to SO3 or from S03 to SO5, but they were even more
apparent with CL nozzle.

Artichoke deposits on the foliage and soil dep-
osition. The average deposition rates of BSF meas-
ured in the wind tunnel and in the field from the vari-
ous tested combinations are shown in Tables 2 and 3.
The data show that, depending on the type of spray,
there was a marked difference between the deposi-
tion distribution pattern of the AD and the CL noz-

zles compared to the application rate. In the wind
tunnel, for coarse spray characterizing AD, the mean
rate was 42% for D, fluctuating between 30 and 52%,
while it was 41% for D_with a fluctuation from 26 to
57% (Table 3). For fine spray produced by CL, D, was
only 30% and reached 47% for D, with a variation
range of 20-38% and 31-62% respectively. Details
indicated that D, decreased with S and increased
with P for all treatments. The opposite situation
was observed for D_which increased with S and de-
creased with P. On the other hand, increases of W§
generated a lower D, rate and a higher D_ rate with
the different tested combinations.

Looking at Table 3, we can see clearly that the
AD-502 combination had a higher D, compared
to D. Opposite results were found with AD-S05,

Table 3. Deposition on foliage (Df) and soil deposits (DS) (%) of the application rate, in the wind tunnel for anti-drift
(AD) and conventional (CL) nozzles, three nozzle sizes (S02, S03, S05), three pressures (3, 4 ,6 bar) and three wind

speeds (WS) (2, 3, 5 m/s)

AD CL
(‘st) Pifasr‘;re 502 503 505 502 503 505

D, D, D, D D, D, Dy D, D, D D, D, Di D, D, D D, D,

3 43 36 21 43 42 15 40 49 11 34 40 26 30 48 22 26 58 16

2 4 45 33 22 44 38 18 42 46 12 35 38 27 32 46 22 27 57 16

6 52 26 22 50 31 19 46 40 14 38 31 31 36 38 26 31 51 18

3 41 37 22 39 45 16 35 53 12 33 41 26 29 49 22 24 59 17

3 4 41 35 24 41 45 14 36 52 12 33 37 30 31 46 23 25 57 18

6 49 27 24 46 34 20 40 45 15 35 32 33 33 40 27 29 52 19

3 37 41 22 35 49 16 30 57 13 31 43 26 26 52 22 20 62 18

5 4 42 35 23 37 45 18 31 54 15 30 42 28 27 52 21 20 60 20

6 44 31 25 41 38 21 35 49 16 32 34 34 29 43 28 24 56 20
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where D_ was less than D. A different situation
was shown with CL nozzle where D_ were always
greater than D,. S03 occupied constantly an inter-
mediate position for the two nozzle types.

Furthermore, it was also found that the larger
the nozzle size was, the lower D, and the higher D,
we had. This implies that medium droplets produced
by AD-502 and AD-S03 were better retained on ar-
tichoke leaves, compared to AD-S05, which gave
coarse droplets (Table 2). This also indicates that,
AD nozzle, spraying large droplets filled with air
bubbles, were better at retaining droplets on leaves
as compared to CL nozzle.

For the pressure, the only combination where
D, > D was AD-P6 producing medium size droplets;
for the five others combinations (AD-P3, AD-P4,
CL-P3, CL-P4 and CL-P6) which gave coarse or fine
droplets, D, < D_. This clearly confirms that the com-
binations producing either large or fine droplets fa-
vor spray losses, be it on the ground or in the air.
Details presented in Table 3 show that for the dif-
ferent NT-S configurations, when P increased, D,
too, while D_decreased. More differences between
D, and D, rates were also observed when chang-
ing WS. Decreases in D, and increases in D_ have
been associated with W increases for the different
NT-S-P configurations. This was even more obvi-
ous when changing from 2 to 5 m/s with AD-S05-
P6 and CL-S05-P6 combinations, where D, was re-
duced by 11 and 7% respectively, while soil deposits
increased by 9% and 5% respectively. Considering
the 54 combinations tested in the wind tunnel,
the largest D, rate (52%) and the smallest D, rate
(26%) were given by AD nozzle associated wit h 502
at 6 bar and 2 m/s wind speed. Under our test con-
ditions, the CL-S05-P3 combination at 5 m/s gave
the lowest D, (20%) and the highest D_(62%). In gen-
eral, these trends were also found with the field set
data obtained from the 18 combinations tested un-
der real conditions (Table 4).

https://doi.org/10.17221/29/2021-PPS

As explained in the wind tunnel tests setting sec-
tion, the D_was calculated to have a comprehensive
overview of the sprayed volume fate (mass balance).
In comparison with measured values of D, and D,
this ratio had expected trends for the different con-
figurations. Marked differences were found between
the two nozzle types with a D_range from 11 to 25%
for AD and from 16 to 34% for CL. Obvious differ-
ences were also found in drift rates between the three
sizes S02, S03 and SO05, the three pressures P3, P4
and P6 and the three wind speeds W52, WS3 and
WS5. Lowest drift rates were obtained with the larg-
est nozzle size SO05 (respectively ranges of 11-16%
and 16-20%), the smallest pressure P3 (respec-
tively ranges of 11-22% and 16—-26%) and the wind
speed of 2 m/s (respectively ranges of 11-22% and
16-31%). The greatest D_rate (34%) was found with
the CL nozzle combined with S02, at a pressure of
6 bar and a wind speed of 5 m/s. These results agree
with several other research findings (Creech et al.
2015; Ozkan 2016; Peters et al. 2017).

According to all the previous results, the three
sprayer parameters (N7, S, P) and WS had an impact
on both leaf deposits and ground loss rates.

Modeling Artichoke deposits on leaves and soil
deposition. The analysis of variance showed that D,
and D_vary significantly (P < 0.05), for dependent
variables NT, P, S, WS, and for the most of their in-
teractions when taken in pairs (Table 5). However,
the S x P x WS and the NT x S x P x WS interactions
were not significant (P > 0.05). D, variations were not
significant (P < 0.05) based on the interactions of P x §
and P x WS x NT. In addition, D_presented not sig-
nificant variations (P > 0.05) according to P x WS,
P x Sx NTand S x WS x NT interactions (Table 5).
The multiple regression was carried out for both AD
and CL nozzles from tunnel deposition data (Table 3).
A set of 54 runs (2NT x 3S x 3P x 3WS) was used
with 27 runs for the AD nozzle and 27 for the CL
nozzle. Table 6 from the regression analysis showed

Table 4. Deposition on foliage (Df) and soil deposits (DS) (%) of the application rate, in the field for anti-drift (AD) and
conventional (CL) nozzles, three nozzle sizes (502, S03, S05) and three pressures (3, 4 ,6 bar)

AD CL
E)r:f)s“re 502 503 S05 502 503 S05
D D, D, Dy D, D, D D, D, Di D, D. Di D, D, Di D, D,
3 39 23 38 39 30 31 38 34 28 31 29 40 24 36 40 18 43 39
40 20 40 42 27 31 38 34 28 31 28 41 25 35 40 19 42 39
6 43 19 38 43 21 36 39 30 31 32 28 40 26 34 40 19 43 38
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Table 5. Interactive effects of dependent variables deposi-
tion on foliage (D) and soil deposits (D,) with the inde-
pendent variables NT, WS, S and P

Source Prvalue?
Dy Dy

P 0.000 0.000
S 0.000 0.000
ws 0.000 0.000
NT 0.000 0.000
PxS 0.419 0.000
Px WS 0.001 0.789
Px NT 0.000 0.003
Sx WS 0.000 0.000
Sx NT 0.000 0.000
WS x NT 0.000 0.000
PxSx WS 0.478 0.965
PxSxNT 0.000 0.406
Px WSxNT 0.113 0.000
Sx WS x NT 0.002 0.053
PxSx WSxNT 0.416 0.337

*Significant at P < 0.05; NT — nozzle type; WS — wind speed;
S — nozzle size; P — operating pressure

that the four independent variables predicted signifi-
cantly the scores of the dependent variables (D, and
D): P < 0.05. As reported by the standard regression
analysis, the model's degree of explaining D, and D,
variances was R? = 0.961 and R* = 0.96, respectively
(Table 6). In light of these coefficients, it can be stat-
ed that the models predict the dependent variables

well. The [ absolute value designates the independent
variables order of contribution to the models (Uyanik
& Giiler 2013).

According to Table 6, it was found that for the D,
model, NT had the highest contribution with the value
of B = 0.74, followed respectively by S (p = 0.42), WS
(p =0.37) and P (p = 0.28). For the D, model, S made
the biggest contribution (p = 0.78), followed respec-
tively by P (B = 0.41), NT (B = 0.31) and WS (B = 0.24).

The obtained regression models are shown
in Equations (2 and 3):

D, = 0.607—0.112NT —0.025S +0.017 P — 0.022 WS (2)
D, = 0.237 +0.056 NT +0.058S — 0.031 P+ 0.018 WS (3)

Comparisons of models findings with measured
data in the wind tunnel and in the field are shown
in Figures 2 and 3 respectively. In general, the two
models were in good agreement with the measured
values, especially in the wind tunnel (Figure 2).
However, they tended to over-predict D, and D, par-
ticularly with the field data (Figure 3).

Evaluation of D, and D variations was carried out
based on the Bayesian network approach (BNA)
structure presented in Figure 4A. Results showed that
the high deposit on the foliage presents only 32.4%
of the total values, while the high deposit on the soil
constitutes 50% (Figure 4B). These percentages repre-
sent the probabilities estimated by the Netica software
based on the model data. By acting on Netica to assign
the value 100% to high D, and low D, the probabilities
of the whole network will be updated (Figure 4C).

Table 6. Multiple linear regression models for the dependent variables deposition on foliage (D,) and soil deposits (D)

Variable A SE B t-stat. P-value
D, model (P = 0.00; R* = 0.961)

Intercept 0.607 0.007 91.891 0.000
Nozzle type (NT) -0.112 0.002 -0.740 -51.270 0.000
Nozzle size (S) -0.025 0.001 -0.418 -28.971 0.000
Operating pressure (P) 0.017 0.001 0.280 19.435 0.000
Wind speed (WS) -0.022 0.001 —-0.368 —-25.474 0.000
D_model (P = 0.00; R*=0.96)

Intercept 0.237 0.008 29.686 0.000
Nozzle type (NT) 0.056 0.003 0.306 21.248 0.000
Nozzle size (S) 0.058 0.001 0.782 54.240 0.000
Operating pressure (P) —-0.031 0.001 -0.415 -28.793 0.000
Wind speed (WS) 0.018 0.001 0.241 16.756 0.000

A — non-standardized coefficients; SE — standard error; p — standardized coefficients; t-stat — Student's statistical test value
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DISCUSSION

As stated above, droplet size and spray quality are
key factors to the spray fate control. In order to im-
prove D, and reduce D, the droplet size spectrum
should be increased by selecting a different nozzle
type (NT), reducing operating pressure (P) or in-
creasing the nozzle size (S). Several other research-
ers obtained the same conclusions (Creech et al.
2015; Ferguson 2016) and some have even observed
that the efficacy with coarser droplets is as good
as with finer droplets (Shaw et al. 2000). However,
the droplet size increase should not exceed 400 pm
(medium spray quality) as a limit of droplet run-off
on the foliage (Ozkan 2016).

Based on Tables 2, 3 and 4 data, changing NT
was the most effective to increase droplet size
to improve D, as observed by Zhu et al. (2004). AD
nozzle showed more flexibility in this regard, com-
pared to CL. It gave large drops filled with air bub-
bles which exploded into fine droplets on leaves
and adhered better (Peters et al. 2017). It was also
observed that the proper nozzle size selection
was important for satisfactory spray coverage on
foliage. For a given N7, using smaller S, produced
larger droplets improving D, with lower loss po-
tential, as found by Nuyttens et al. (2007). For their
part, Womac and Bui (2002) found that the VMD
was increased from 141 to 522 pm by decreasing

& D,observed B D, predicted

502 S03 S05
CL Nozzle
® D_observed 8D_predicted

P3 P4 P6 | P3 P4 P6|P3 P4 P6
S02 S03 S05
CL Nozzle

Sprayer configuration

Figure 3. Comparison of models findings with measurements, using field data (A) foliage deposition (D,) and (B)

soil deposits (D)
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Figure 4. Application of Bayesian network for the analysis
of deposits on leaves and soil deposition (A) Bayesian
network structure considered, (B) the model after param-
eter learning in Netica and (C) prediction of the model
when the evidence variables are deposits on th foliage (D))
and deposits on the soil (D)

NT - nozzle type; S — nozzle size; P — operating pressure;
WS — wind speed

the pressure from 4.2 to 1.4 bar. Our results tie
in with these findings as they indicate that an in-
crease in operating pressure leads to a greater
proportion of the small droplets able to that ad-
here better to foliage and as a result, the potential
for soil deposits is reduced.

On the other hand, Table 3 shows that in ad-
dition to sprayer parameters, wind speed affects
significantly on foliage coverage. As droplets size
decrease, they become increasingly sensitive to
changes in wind speed. Teske et al. (2002) found
also that wind speed, was a critical factor, impacting
deposition and losses.

The obtained multiple regressions assess D;and D,
through the Equations (2) and (3). The determina-
tion coefficients (R?) were high enough to evidence
the reliability of the statistical models for the data
set assessed. The models' output from the wind tun-
nel and the field data indicate that the modelling
approach adopted in this paper can be applied, ac-
cording to the varying ranges of parameters tested
in this study, to investigate the effect of NT, S, P and
WS on D,and D_. It appears that the most influential
factors turn out to be N7, S and WS, all determined
to be significant at confidence level of 5%. However,
NT had the highest contributions to deposition rate
models. The two obtained models tended to reflect
the measured data, but with a slight over-prediction,
especially for the field measurements. This could be
attributed to the limited number of the studied com-
binations. Thus, introducing other N7, other S, oth-
er P may be improv the predictive ability of the mod-
els. Regressions confirm that, as explained above
and as shown by Zhu et al. (2004), using AD nozzle,
associated with §02 and P6, is favorable to the in-
crease in D, and the decrease in D_. This conclusion
was confirmed when we compared obtained prob-
abilities in the scenario proposed by BNA with those
of the real scenario that highlight the parameters
which need to be acted on in order to improve D,
and reduce D_. Based on this comparison, it is rec-
ommended to promote the use of AD, with S02 and
D6, regardless of the wind speed (Figure 4C).

CONCLUSION

Tests were conducted in a wind tunnel and under
field conditions to assess pesticide deposition on ar-
tichoke leaves and droplet deposition on the soil,
during spraying, based on several sprayer param-
eters and the wind speed. Tests were performed us-
ing two nozzle types (anti drift nozzle using air-in-
duction technology and conventional nozzle), three
nozzle sizes (02, 03 and 05), three pressures (3, 4 and
6 bar) and three wind speeds (2, 3 and 5 m/s).

Spray deposition is influenced mainly by the
spray droplet size and wind speed, affecting droplet
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behavior upon contactingleaves. In practice, the wind
speed is not controllable; therefore, the sprayer user
can only act on the droplet size. Nozzle type, nozzle
size and spraying pressure were found to be the im-
portant variables influencing sprayed droplet size.
It was found that the anti-drift nozzle gave the best
deposition on leaves and the lowest soil deposits.
Similarly, retention decreased with nozzle size in-
crease and increased with pressure decrease; how-
ever, soil deposits showed the opposite results.

The models developed within this paper, under
our experimental conditions, can be further used
to predict pesticide deposition on the foliage and
those lost on the soil. Comparison with the results
of others researches confirmed our approach. Im-
provement of these models may be through the ex-
pansion of the database by introducing other nozzle
types, nozzle sizes and operating pressures.
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