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ABSTRACT

The droplet spectrum is a crucial factor in optimizing
herbicide efficacy and minimizing spray drift. This study
evaluated the effects of working pressure (100 to 600 kPa)
and six adjuvants on droplet size, both in the absence
and presence of herbicides, using an air-induction nozzle
(TTI 110015VP) and a particle analyzer. Higher working
pressures reduced droplet size — measured as Dy, D,gs
(volume median diameter), and D,y,, representing the
diameters at which 10%, 50%, and 90% of the total spray
volume consists of droplets of that size or smaller — and
increased the volume percentage of fine droplets (V,y),
regardless of the adjuvant or herbicide. Adjuvants influ-
enced the droplet spectrum, with Xtend Protectl signifi-
cantly reducing Dv0.9. However, the lowest relative span,
indicating greater droplet size uniformity, was achieved by
different adjuvants depending on the working pressure. A
significant interaction between herbicides and adjuvants
was observed, underscoring the need for a comprehensive
analysis of these variables to optimize application quality.
The addition of adjuvants and herbicides to the spray
solution altered the correlations between droplet spectrum
variables, emphasizing the importance of considering
multiple factors in application decisions. Selecting the
appropriate working pressure and adjuvant, along with a
thorough analysis of the droplet spectrum, is essential for
effective weed control, reducing spray drift, and ensuring

environmental, applicator, and consumer safety.

Keywords: droplet size, drift control, application efficiency,

relative span.
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2 Cleyton Batista de Alvarenga et al.

INTRODUCTION

The droplet size spectrum is a crucial factor in optimiz-
ing herbicide efficacy and minimizing spray drift. Coarser
droplets, while less prone to drift, can result in insufficient
coverage and increased runoff.!-? Conversely, finer droplets
provide greater coverage, but are more susceptible to drift
and evaporation, thereby increasing the risk of damage to
adjacent crops and environmental contamination.® The
search for an ideal droplet spectrum aims to balance ade-
quate target coverage with effective drift management.*>

Decision-making in crop protection requires a careful
analysis of the influence of working pressure, adjuvants,
and herbicide formulations on the spray solutions
composition.®” Working pressure, for instance, directly
affects the atomization process; in air-induction nozzles,
increasing pressure generally reduces droplet size and
increases the proportion of fine droplets.® Adjuvants, in
turn, modify physicochemical properties such as surface
tension and viscosity, directly impacting the droplet spec-
trum and drift potential, for example, viscosity-increasing
adjuvants can reduce the fraction of droplets smaller than
100-200 um,®” while surfactants decreasing surface
tension surface tension results in smaller droplet and
increased foliar deposition.®*!Y Furthermore, the intrinsic
characteristics of each herbicide formulation, such as the
volatility of 2,4-D, also influence the mixture’s propertiers
and, consequently, deposition and absorption, posing a
risk like contaminating sensitive crops through drift.(%!%

Given the multifactorial nature of pesticide application,
optimizing the droplet spectrum requires a deep understand-
ing of the interactions among these variables to maximize
target deposition, minimize drift, and ensure effective
weed control with environmental sustainability.(*'® While
studies have explored isolated components, the combined
dynamics among working pressure, commercial adjuvants,
and specific herbicide formulations, especially with the
use of modern air-induction nozzles that produce coarse to
ultra-coarse droplet spectra, represents a critical knowledge
gap. Therefore, this study aimed to evaluate the effects of
working pressure (100 to 600 kPa), different adjuvants, and
the presence/absence of herbicides on the droplet spectrum
(Dv0.1, Dv0.5, Dv0.9, relative Span, and V), using an
air-induction nozzle (TTI 110015VP), to provide insights
for optimizing application quality and environmental safety.

MATERIALS AND METHODS

The experiment was conducted in May 2024 at the Center

of Excellence in Agricultural Mechanization (CEMA), part

of the Institute of Agricultural Sciences at the Federal
University of Uberlandia. Two experiments were designed
to assess the effect of the herbicide spray solution on the
droplet spectrum. Experiment 1 evaluated the impact of
adjuvant-water solutions under different working pressures,
while Experiment 2 investigated herbicide-adjuvant-
water solutions. Both experiments followed a completely
randomized design with four replications, consistent with
established practices in spray application studies.

Adjuvant composition information is limited, as man-
ufacturers primarily provide details on their stated func-
tional characteristics (Table 1). In the Brazilian market,
some products are labeled with broad descriptors such as
"multifunctional" or "performance accelerator" — indicating
multiple functions® — but often lack a detailed description
of their composition.

Experiment 1 employed a factorial design with five
adjuvant mixtures plus a control, tested under six working
pressures (100, 200, 300, 400, 500, and 600 kPa), resulting
in a total of 36 treatments. The six adjuvant treatments were:

. Contact WSP (Nitro, Sertdozinho, Sdo Paulo,
Brazil) at a concentration of 50 mL per 100 L (0.5 mL L™
or 0.05% v/v);

. Kento Pulveriza (Kentd Agro, Jaboticabal, Sdo
Paulo, Brazil) at a concentration of 40 mL per 100 L (0.4
mL L or 0.04% v/v);

. Agral (Syngenta Protegdo de Cultivos Ltd.,
Paulinia, Sao Paulo, Brazil) at a concentration of 30 mL
per 100 L (0.3 mL L or 0.03% v/v);

. Fighter NG (De Sangosse, Ibipora, Parand, Bra-
zil) at a concentration of 150 mL per 100 L (1.5 mL L' or
0.15% v/v);

. Xtend Protect] (Bayer S.A., Belford Roxo, Rio de
Janeiro, Brazil) at a concentration of 1,000 mL per 100 L
(10 mL L' or 1.0% v/v); and

. Pure water (control).

Experiment 2 included a total of 21 combinations. The
working pressure was set at 300 kPa and adjuvant concen-
trations were identical to those described in Experiment
1. The experiment utilized a 4 (herbicides) x 5 (adjuvant
treatments). The five adjuvant treatments include the four
commercial adjuvants (Contact WSP, Kento Pulveriza,
Agral, Fighter NG) and a pure water control, as listed in
Experiment 1. An additional, non-factorial benchmark
treatment, Dicamba + Xtend Protectl, was also included,
reflecting a widely adopted commercial application prac-

tice for dicamba-based herbicides.
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Modulation of the droplet spectrum by working pressure, adjuvants, and herbicides 3

For Experiment 2, commercial herbicide formula-
tions were used at their respective field-recommended
doses, with their
detailed as follows: Xtendicam (570 g a.e. L!), Aminol
806 (806 g a.e. L"), Flumizin 500 SC (500 g a.i. L"), and
Zapp QI 620 (620 g a.e. L"). The herbicides were:

. Dicamba (Xtendicam, Bayer S.A., Belford Roxo,
Rio de Janeiro, Brazil) at 1.160 g acid equivalent ha’

active ingredient concentrations

(equivalent to 2.04 L product ha);

. 2,4-D dimetilamina (Aminol 806, Adama Brasil
S/A, Londrina, Parana, Brazil) at a dose of 836 g of acid
equivalent ha! (equivalent to 1.04 L product ha');

. Flumioxazina (Flumizin 500 SC, lharabras S.A.
Industrias Quimicas, Sorocaba, Sao Paulo, Brazil) at a dose
of 187 g of active ingredient ha' (equivalent to 0.374 L
product ha'); and

. Glyphosate (Zapp QI 620, Syngenta Protegdo de
Cultivos, Sdo Paulo, Brazil) at a dose of 2,450 g of acid
equivalent ha™' (equivalent to 3.95 L product ha™).

The application was performed in a T9000 spray
chamber (Tecnal Equipamentos Cientificos, Piracicaba,
Sao Paulo, Brazil),'”? which allows for precise control
of working pressure, boom height, and application speed
while maintaining a consistent application rate.

Droplet spectrum variables — D,,,, volume median
diameter (D, 5 or VMD), D,,, AR (the relative span of the
droplet spectrum, where lower values indicate more uniform
droplet distribution), and the percentage of the applied
volume composed of droplets with a diameter below 100 pm
(V,0) — were measured using a p15 laser particle analyzer
(Oxford Lasers, Didcot, Oxfordshire, UK) positioned inside
the spray chamber. A TTI 110015VP air-induction flat spray
nozzle (TeelJet Technologies, Glendale Heights, Illinois,

USA) was used for the applications. The nozzle was
equipped with a 100-mesh sieve and positioned 0.4 m from
the optical beam of the laser particle analyzer, according to
ASABE Standard S572.3.0%

The pl5 analyzer was configured to measure 10,000
droplets per application within the 10-2,500 pm range.
The nozzle position relative to the image capture remained
consistent throughout the experiment, with adjustments
made to align it with the center of the application jet.!'

Weather conditions inside the spray chamber were
monitored using an ITWH1080 portable weather station
(Instrutemp, Belenzinho, Sao Paulo, Brazil). The average
temperature and relative humidity during the test were
24°C and 72%, respectively, with no wind.

Residual normality (Shapiro—Wilk test) and homogene-
ity of variance (Bartlett test) were assessed for all variables
in both experiments. Variables that met the assumptions for
analysis of variance (ANOVA), which included the relative
span in Experiment 1 and D,,,, D,ys, and relative span in
Experiment 2 (after Box—Cox transformation where appli-
cable), were analyzed using ANOVA. For variables that
did not meet these assumptions, even after transformation
(Dyo.15 Dyos, Dyo, and Vg in Experiment 1; Dy, and Vo, in
Experiment 2), non-parametric Kruskal-Wallis tests were
conducted. Post-hoc comparisons for significant ANOVA
results were performed using Tukey’s test, while Dunn’s
test was used for significant Kruskal-Wallis results, both
at a 5% significance level. Comparisons involving the
predefined 'extra treatment' were conducted using Dun-
nett’s test at a 5% significance level. Additionally, Pearson
correlation matrices were applied to all variables to explore
inter-variable relationships. Statistical analyses were con-

ducted using RStudio software version 4.3.1.¢%

Table 1. Adjuvants used in the experiments to assess the effect of the herbicide spray solution on the droplet spectrum under different

working pressures

Commercial adjuvant Composition”

Stated functional characteristics”

Greater penetration of active ingredients; greater leaf coverage (wetting); improved

Contact WSP Acrylic polymer

Monoetanolamina, urea,
Monoammonium Phosphate,
Modified Polyether Trisiloxane

Kento Pulveriza

Nonyl phenoxy poly

Agral (ethyleneoxy) ethanol

Mixture of non-ionic

Fighter N
ighter NG surfactants

Xtend Protect™1 Non-ionic surfactants

droplet spreading; efficient against spray drift; does not alter mixture pH; reduced

foaming

Adhesive that promotes increased absorption of products in the mixture; highly efficient
spreader; decreases surface tension; increases electrical conductivity; reduces spray
drift; anti-foam; breaks down the waxy layer, increasing plant uptake

Enhanced foliar absorption of herbicides; greater penetration of systemic fungicides and

insecticides; decreased burning risks

Improves droplet deposition on target; anti-foaming action; reduces drift losses;
improves uniformity and droplet spectrum; increases coverage area

Dicamba drift and volatility reducer

* As provided by manufacturer
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4 Cleyton Batista de Alvarenga et al.

RESULTS

In Experiment 1, only the relative span variable met the
assumptions of normality and homogeneity after the Box—
Cox transformation. The variables D,,;, VMD, D,,,, and
V.o did not achieve normality or homogeneity, even after
Box—Cox transformation. Consequently, the sources of
variation — adjuvant and working pressure — were analyzed
separately using the Kruskal-Wallis test. When significant
differences were detected, comparisons were made using
Dunn’s test at a 5% significance level.

D,o.1, VMD, D, ,, and V,,, were significantly influenced
by working pressure. An increase in working pressure
from 100 to 600 kPa resulted in substantial decreases in
droplet size: Dy, reduced by 51.9% (from 446 pm to 214
pm), VMD by 40.6% (from 942 pm to 559 pm), and D,
by 35.3% (from 1328 pm to 860 pm). Conversely, the
percentage of fine droplets (V) increased significantly by
525% (from 0.171% to 1.069%) (Table 2).

D,y;, VMD, and V,,, were not significantly influenced

by adjuvants. However, adjuvants had a significant effect

Table 2. Effect of working pressure on the droplet spectrum

on D,,,, with mean values compared using Dunn’s test at a
5% significance level. The Xtend Protect] adjuvant reduced
D,y by 24.3% and 23.0% compared to water and Contact
WSP, respectively. This finding is particularly relevant when
considering Xtend Protectl's status as a widely recognized
industry benchmark for dicamba drift and volatility reduc-
tion. The other adjuvants produced similar results (Table 3).

There was an interaction between adjuvants and work-
ing pressure in the response variable relative span, which
measures the relative span of the droplet spectrum. Conse-
quently, Tukey’s test was applied at a 5% significance level
for adjuvants, treated as a qualitative variable, while linear
and polynomial models were applied to working pressure,
considered a quantitative variable. Adjuvants affected
relative span differently across various working pressures.
Specifically, among the treatments that yielded the lowest
relative span values, Contact WSP was observed at 100 and
200 kPa, Kento Pulveriza at 300 kPa, Agral at 500 kPa,
and Fighter NG at 600 kPa. At 400 kPa, no significant

difference was observed among the adjuvants (Table 4).

Pressure (kPa) D, (um) VMD (um) D, (um) Vi (%0)
100 446a 942a 1328a 0.171a
200 358a 764ab 1108ab 0.222ab
300 287ab 672bc 999bc 0.441bc
400 261bc 637cd 954cd 0.642cd
500 235cd 595de 897de 0.813de
600 214d 559 860e 1.069¢
Pnommaliy 2.3x107 1.2x10°¢ 6.3x10°1 1.2x1073
P-homogencity 4.7x107 4.8x103 2.2x10'¢ 2.2x10°1°
P-KruskalWallis 2.2x101¢ 2.2x101¢ 2.2x10°'¢ 2.2x10°1¢
CV (%) 31.6 20.8 20.3 60.0

Means followed by the same letter in the column do not differ, according to Dunn's test at 5% probability

Table 3. Behavior of D, in the presence of adjuvants

Adjuvant D,y (um)
Water 1122a
Contact WSP I111a
Kento 1022ab
Agral 1002ab
Fighter NG 985ab
Xtend Protectl 903b
Pnormality 6.3x108
P-homogeneity 2.2x101
PKruskal-Wallis 1.5x10°
CV (%) 20.3

Means followed by the same letter do not differ, according to Dunn's test at 5% probability.
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Regarding adjuvants, Fighter had no significant effect
on the relative span as pressure increased. However,
adjustments in working pressure had differential effects
on Contact WSP and Xtend Protectl. For Contact WSP,
relative span increased between 400 and 450 kPa, whereas
for Xtend Protectl, the opposite trend was observed. The
relative span could be modeled linearly for the other three
adjuvants: water, Kento Pulveriza, and Agral. These results
indicate that the droplet spectrum exhibited greater homo-

geneity at lower working pressures (Figure 1).

Agral was the only adjuvant that reduced Dv,, when
added to Dicamba and 2,4-D spray solutions compared to
formulations without adjuvants, decreasing droplet size
by 17.2% and 13.7%, respectively. In contrast, mixtures
containing Flumizin and Glyphosate showed increases
of 43.1% and 36.1% in this variable when Contact WSP
and Kento Pulveriza were added, respectively. The extra
treatment produced 15.7% and 40.4% coarser droplets
compared to Dicamba and Flumizin in the absence of
adjuvants (Table 5).

Table 4. Relative span of the droplet spectrum in the presence of adjuvants and different working pressures

Working pressure (kPa)
Adjuvant
100 200 300 400 500 600
Water 1.01bc 1.03b 1.17¢ 1.14a 1.17b 1.20b
Contact WSP 0.77a 0.91a 1.04ab 1.10a 1.09ab 1.13ab
Kento 0.91b 0.96ab 0.98a 1.07a 1.11ab 1.13ab
Agral 0.99bc 0.96ab 1.02ab 1.08a 1.08a 1.15ab
Fighter NG 1.05¢ 1.02b 1.05ab 1.06a 1.10ab I.11a
Xtend Protectl 1.20d 1.03b 1.10bc 1.08a 1.12ab 1.21b
Padjuvant x working pressure 8.8 X102
P-normality 0.060
Phomogeneity 0.580
CV (%) 42
Means followed by the same letter in the column do not differ, according to Tukey's test at 5% probability.
1,3
......... °
1’2 L oL URUPPRPPPTLEL L @ o
....................... @
1,1 e @i, et O AR &
= I ANURPPPPRELL LA @ " T e, D T TR R RR R AN &
Cﬁ 1 ’ eee
o
2
0,9
0,8
0,7
100 200 300 400 500 600
Pressdo de trabalho (kPa)
® Water ® Contact WSP @ Kento pulveriza © Agral ® Xtend protect

Water —y = 0.0004x + 0.9832; R?=0.80

Contact WSP —y = -2E-06x> + 0.002x + 0.5992; R?>= 0.98

Kento Pulveriza —y = 0.0005x + 0.864; R?=0.97
Agral —y = 0.0004x + 0.9238; R?=0.87

Xtend Protect] —y = 2E-06x? - 0.0014x + 1.2977; R?= 0.74

Figure 1. Relative span of the droplet spectrum as a function of working pressure.
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6 Cleyton Batista de Alvarenga et al.

Table 5. Dv,, behavior after adding adjuvants to herbicide mixtures

Adjuvant Dvo. (jrom)

Dicamba 2,4-D Flumizin Glyphosate
None 307aAo 264bAa 207cCa 216cDo
Fighter NG 321aAP 273bAa 281bBa 281bBa
Contact WSP 315bAa 262cAa 346aAB 276¢cBa
Kento 323aAP 264bAa 280bBa 338aAB
Agral 262bBo 232cBa 364aA0 240cCa
Dicamba + Xtend Protectl 3428
P herbicide x adjuvant 0.000
Padds x factorial 0.000
Psormay 0.189
P-homogeneity 0.059
CV (%) 35

Means followed by the same lowercase letters in the row, uppercase letters in the column, and Greek letters with the extra treatment letter do not differ

according to the Tukey and Dunnet tests at 5% probability

Table 6. VMD behavior after adding adjuvants to the herbicide mixture

Adjuvant YMD (um)

Dicamba 2,4-D Flumizin Glyphosate
None 758aAB T4TbAB 713¢Bp 605dEa
Fighter NG 682bDa 699aCp 652cEa 652cCa
Contact WSP 678bEa 666¢cEa 688aCa 655dBa
Kento Pulveriza 690aCp 686aDa. 666aDa 690aApB
Agral 752bBp 704cBp 794aAa 647dDa
Dicamba + Xtend Protect]1 7298
Pherbicide x adjuvant 0.000
P-adds x factorial 1x10*
P-normality 0.167
P~homogeneity 0.124
CV (%) 2.6

Means followed by the same lowercase letters in the row, uppercase letters in the column, and Greek letters with the extra treatment letter do not differ

according to the Tukey and Dunnet tests at 5% probability

The addition of adjuvants reduced VMD in mixtures
containing Dicamba or 2,4-D. However, all adjuvants dif-
fered in terms of VMD when combined with herbicides. The
greatest differences observed were 128 um between Kento
and Agral in Flumizin spray solutions and 147 um between
Flumizin and Glyphosate in the presence of Agral (Table 6).

Except for Agral, the addition of adjuvants reduced
D,o,. The most significant reduction, 13.2%, was observed
with Fighter NG compared to the absence of adjuvants.
Agral resulted in a higher fraction of finer droplets (V,),
increasing the probability of spray drift (Table 7).

Droplet spectra became more uniform with the addition
of adjuvants to all herbicide spray solutions, except for
those containing 2,4-D, where no significant difference was

observed. The Contact WSP—Flumizin mixture produced

the most uniform spectrum, while glyphosate applied
without adjuvants was among the treatments that resulted
in the highest heterogeneity (Table 8).

In Experiment 1, which analyzed the effects of adju-
vants and working pressure, all variables exhibited strong
correlations. D, D,y 5, and D, , exhibited a strong positive
correlation with one another, as did relative span with v100.
Relative span and V,,, showed a strong negative correlation
with D,,,, VMD, and D,y, particularly between D,,, and
relative span (Figure 2a). In Experiment 2, the correlations
between all variables were weaker. In Experiment 2, D, |,
D,os, and Dy, exhibited positive correlations with one
another. Conversely, D,,, showed a negative correlation
with both relative span and V. A positive correlation was

observed between relative span and V,, (Figure 2b).
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Table 7. Effect of adding adjuvants on droplet size and drift risk

Adjuvant Doy (um) v100 (%)
None 1134a 0.205ab
Fighter NG 1002b 0.150ab
Contact WSP 1016b 0.090a
Kento 1035b 0.075a
Agral 1137a 0.215b
P-normality 0.094 0.006
P-homogeneity 6.5x 1073 0.005
P~Kruskal-Wallis 0.237 0.007
CV (%) 7.9 90.3

Means followed by the same letter in the column do not differ significantly (Dunn's test, p > 0.05).

Table 8. Relative span of the droplet spectrum in the presence of adjuvants to the herbicide mixture

Relative span

Adjuvant

Dicamba 2,4-D Flumizin Glyphosate
None 1.13aBp 1.19aAa 1.32bDa 1.41bCa
Fighter NG 1.01aAB 1.16bAa 1.04aBp 1.04aAp
Contact WSP 1.01bAB 1.13cAB 0.93aAa 1.20cBa
Kento 1.02aApB 1.15bAa 1.15bCB 0.98aApB
Agral 1.19bBa 1.23bAa 0.99aABp 1.40cCa
Dicamba + Xtend Protect]1 1.058
P=herbicide x adjuvant 0.000
P=adds x factorial 0.003
P-normality 0.110
P-homogeneity 0.234
CV (%) 5.5

Means followed by the same lowercase letters in the row, uppercase letters in the column, and Greek letters with the extra treatment letter do not differ
according to the Tukey and Dunnet tests at 5% probability

0

: & F I 6§ : & & §F Z
1 1
Dv10 1.00 0.95 0.85 -0.77 -0.75 0.8 Dv10 1.00 >< -0.80 -0.72 08
06 06
Dvs0 1.0 0.90 -0.62 -0.72 04 Dv50 | 1.00 0.61 X X 04
02 0.2
Dv90 1.0 -0.61 0 DV | 1.00 0.62 X 0
0.2 0.2
Span 1.00 0.67 04 Span 1.00 0.55 04
-06 0.6
Voo 1.00 08 Vioo 1.0 08

(a) (b)

Figure 2. Correlation matrix: (a) Adjuvant and working pressure assay, and (b) herbicides in the presence of adjuvant assay.
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DISCUSSION

Increasing in working pressure from 100 kPa to
600 kPa induced significant and progressive reductions in
Dv,,, VMD, and Dv,, droplet diameters, accompanied by
a notable increase in the percentage of fine droplets (V)
(Table 2). The transition from 300 to 400 kPa exerted the
most pronounced effect on droplet size reduction. This be-
havior is consistent with previous observations that higher
pressures, while reducing droplet size, can compromise
coverage under certain conditions and are influenced by air
entrainment within the droplets.!*? The greater influence
of pressure on VMD and Dv,,, compared to Dv, , reflects
the proportion of droplets in each size class of the spectrum
and their interaction with leaf surfaces.®>?® The V,y,
fraction, directly proportional to the increase in pressure,
is critical for herbicides with volatilization potential, such
as Dicamba, increasing the risk of drift and damage to
adjacent crops.?*?* Correct nozzle selection is, therefore,
essential to mitigate these impacts. The TTI 110015VP
nozzle, at 100 and 200 kPa, produced ultra-coarse droplets,
and at 300 to 400 kPa, extremely coarse droplets, classi-
fications that were maintained even at 500 and 600 kPa,
demonstrating its intrinsic characteristic of generating a
coarse droplet spectrum.®

In Experiment 1, the addition of adjuvants to aqueous
solution demonstrated the capacity to modulate the droplet
spectrum, especially Dv, , and relative span. Xtend Protectl
was the most effective in reducing Dv,,, aligning with its
characteristic as a drift and volatility reducer for Dicamba
(Table 3). Contact WSP had a minimal effect, while Kento,
Agral, and Fighter NG showed intermediate effects, which
can benefit coverage but increase the risk of drift depending
on conditions.?” The uniformity of the droplet spectrum, as
measured by relative span, was influenced by the interaction
between adjuvants and working pressure. Among the treat-
ments that yielded the lowest relative span values, Contact
WSP was observed at 100 and 200 kPa, Kento Pulveriza
at 300 kPa, Agral at 500 kPa, and Fighter NG at 600 kPa.
At 400 kPa, no significant difference was observed among
the adjuvants (Table 3). Although some adjuvants have
similar effects on Dv,,, VMD, and Dv,, individually, they
can improve the relative span. No interaction was observed
between the adjuvant type and working pressure on droplet
size, refuting the idea that finer droplets always result in
greater deposition®. Selection must balance application

efficiency, coverage, and drift risk.®*

Experiment 2, focusing on spray solutions with herbi-
cides and adjuvants, revealed that adjuvants with anti-drift
properties tend to increase droplet size, with the exception
of Agral.® Increasing Dv,; to 100-150 um is desirable to
reduce the relative span®. The Dicamba + Xtend Protectl
mixture stood out for its anti-drift and anti-evaporation
properties, with a Dv,; of 342 um, VMD of 729 pm, and
a relative span of 1.05, positioning itself as an effective
benchmark in maintaining coarser droplets and a narrow
spectrum to mitigate drift and volatilization®® (Tables 5,
6, 8). VMD, as a standard reference for droplet size, was
influenced by all tested adjuvants.®!*? Dicamba formula-
tions without adjuvants showed the highest VMD, while
pure glyphosate resulted in a 25.3% lower VMD, which
is attributed to the chemical compositions and physico-
chemical properties of the mixtures.®® The lack of detailed
descriptions of adjuvant composition in this study limits a
complete elucidation of the mechanisms involved, suggest-
ing future research. All adjuvants, except Agral, reduced
Dv,,, bringing the Dv, ;, Dv, 5, and Dv,, percentiles closer
together, a primary benefit for spectrum uniformity.®%
Agral, in turn, did not demonstrate a significant anti-drift
effect, resulting in the highest proportion of V,,, which,
although still low with the TTI 110015VP nozzle, indicates
a higher drift risk.("”

The analysis of the results reiterates that VMD alone
is insufficient for a complete evaluation of application
quality. It is imperative to consider Dv,,, Dv,,, relative
span, and v100 for a holistic understanding of the droplet
spectrum and its impacts on drift, coverage, and efficiency.
The inclusion of adjuvants and herbicides alters the cor-
relations between droplet spectrum variables, evidencing
multifactorial complexity. In Experiment 1 (pressure and
adjuvants), the weakest correlation was between Dv,
and relative span, while VMD showed a strong negative
correlation with relative span and V. In Experiment 2
(herbicides and adjuvants), the weakest correlation occurred
between Dv,, and Dv,;. The negative correlation between
Dv,, and relative span in both experiments emphasizes the
importance of Dv,, in determining spectrum uniformity.
©9 The interaction between working pressure, adjuvants,
and herbicides shapes the droplet spectrum and influences
application efficiency by modifying the liquid sheet behav-
ior.?” Optimizing these parameters, considering specific
application conditions and the inherent characteristic of the
nozzle (such as the TTI 110015VP, which generates coarse
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to ultra-coarse droplets), is crucial for maximizing control,

minimizing drift, and ensuring environmental sustainability.

CONCLUSIONS

This study elucidated the complex modulation of the
droplet spectrum by working pressure, adjuvants, and her-
bicides in applications with a TTI 110015VP air-induction
nozzle, offering crucial insights for optimizing application
and environmental safety. Increases in working pressure
consistently reduced droplet size (Dv0.1, VMD, Dv0.9)
and elevated the proportion of fine droplets (V,,), directly
impacting the balance between coverage and spray drift
risk. The adjuvant type markedly influenced the spectrum,;
while Xtend Protect]l promoted a more uniform spectrum
by reducing Dv0.9, Agral increased drift risk due to a
higher v100. The significant interaction between herbicides
and adjuvants underscores the need for careful selection,
tailored to each formulation, to maximize control efficacy
and safety. Furthermore, isolated VMD evaluation is in-
sufficient; parameters such as Dv0.1, Dv0.9, relative span,
and V,y, are essential for a comprehensive understanding
of the droplet spectrum and for optimizing applications.
The inclusion of adjuvants and herbicides also altered
the correlations between droplet spectrum variables, rein-
forcing the importance of a multifactorial analysis in each

application scenario.
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