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Abstract

The paper presents a study done to determine how particles of different plant protection products
(fungicides) are distributed onto treated surfaces when their solutions are prepared with water of
different hardness and addition of surfactant. A total of fifteen plant protection products were studied,
all in the same concentration of 0.3% with four type of solutions: only distilled water, distilled water
plus a wetting agent — the organosilicone surfactant — Silwet L-77, very hard tap water (hardness = 196.9
ppm CaCOs, 11 °dH) and very hard tap water plus wetting agent. The observations and images were
made via light microscope with magnification 200X and 3MP digital camera. The images were analyzed
for a percent distribution, and spreading of particles by ImageJ software. The results showed that the
distribution, and coverage of particles onto treated surfaces can be different even at application of
similar plant protection products. The variations in the properties were observed when the solutions
were made with waters with different hardness and a wetting agent was added to the solutions. Contrary
to the common perception that hard water can reduce the effectiveness of pesticides towards pests,
according to the distribution and coverage of particles onto treated surfaces, in some cases hard water

can even enhance these properties of the pesticide solutions.
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INTRODUCTION

The low pesticide efficiency has caused
serious environmental pollution and economic
loss closely related to each link in the targeted
delivery of pesticides (Bao et al, 2022). The
even spreading and distribution of pesticides
onto treated surfaces is extremely important for
their effectiveness towards pests and also for
their impact on the environment. The effective
retention of pesticide droplets and particles on
plant surfaces is an important challenge (Zheng
etal., 2018). Spreading of agricultural sprays on
plant surfaces is a significant task as it helps
decrease the pesticide usage and thereby
reduces the risk of environmental pollution
(Song et al., 2020). The surfactant is an
important additive in the pesticide application
due to its antifoaming or foaming, buffering or

stabilizing, sticking or wetting as well as its
toxicity properties. The surfactant can lower the
surface tension of the spray and enhance
droplets deposition, spread, retention and
phytotoxicity on plant surfaces (Appah et al.,
2020). In aerial spraying tank-mix adjuvants are
usually mixed with a pesticide solution to
improve the efficiency of pesticides. Preventing
pesticides from depositing in off-target areas is
important in enhancing the pesticide utilization.
Improving the wetting and spreading of
pesticides is one of the most important ways to
reduce pesticide droplets running off from the
target (Meng et al., 2021). The conducted
research shows that the effect of different
formulations on the surface tension of the
pesticide solution was not significant, but the
effect of different adjuvants was significant and
the same adjuvant showed different effects on
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different formulations (Bo et al., 2012). The fate
of pesticide droplets on leaves is significantly
influenced by the fine structures found on leaf
surfaces (Yu et al., 2009) and the interaction
between pesticide droplets and a leaf surface
affects the deposition behavior of pesticides (He
et al., 2021). The movement behavior of the
droplet that impinges on the plant leaf surface is
affected by many factors, among which the most
important and the easiest to adjust are the spray
droplet size and the impingement velocity (Li et
al., 2021). Nevertheless, the use of appropriate
tank-mix adjuvants at low dilution ratios can
improve the performance of spray dilutions,
increase the effective deposition and the wetting
spread of pesticides on rice leaves, further
reducing the dosage of pesticide products and
improving pesticide utilization (Zhao et al.,
2022). The conducted research with apple
leaves found that the mean pesticide spray
coverage on water-sensitive paper varied by up
to 6.1% within an apple orchard, and the leaf
residues varied by up to 0.95 mg/kg within a tree
(Witton et al., 2018). Another research, revealed
that the spray coverage on cotton plants varied,
and, for both miticides, the significantly positive
relationships between the spray coverage and
the spider mite mortality were shown (Martini
etal., 2012).

The research is about determining how the
hardness of water and the addition of surfactants
into treated solutions of the plant protection
products affect the distribution and coverage of
their particles onto surfaces.

MATERIALS AND METHODS

For the present investigation, a total of
15 plant protection products (fungicides)
formulated as water dispersible powders WP or
water dispersible granules WG were used, as
follows:

e Bordo Mix 20 WG®: produced by 1QV
Agro; active substance: 20% w/w bordeaux
mixture, formulation: Wettable powder (WP);

e Champion WP®: produced by Nufarm

SAS, active substance: 50% w/w copper
oxychloride, formulation: Wettable powder
(WP);

e Cuprotsin Super M®: produced by Agria
Bulgaria, active substance: 30% w/w copper
oxychloride, 20% mancozeb, formulation:
Wettable powder (WP);

e Curzate 60 WG®: produced by DuPont;
active substance: 60% w/w cymoxanil;
formulation: water-dispersible granulate (WG);

e Delan 70 WG®: produced by BASF;
active substance: 70% w/w dithianon;
formulation: water-dispersible granulate (WG);

e Equation Pro®: produced by DuPont;
active substance: 22.1% w/w cymoxanil, 16.6%
famoxadone; formulation: Wettable powder
(WP);

e Funguran OH 50 WP®: produced by
Spiess Urania Chemicals, active substance: 77%
w/w copper hydroxide, formulation: Wettable
powder (WP);

e Kabrio Top®: produced by BASF; active
substance: 55% w/w metiram, 5% w/w
pyraclostrobin; formulation: water-dispersible
granulate (WG);

e Kumulus® DF: produced by BASF,
active substance: 80% wi/w sulfur, formulation:
Water dispersible granule (WG);

e Manex®: produced by DuPont, active
substance:37% w/w maneb, formulation:
Wettable powder (WP);

e Melody Compact 49 WG®: produced by
Bayer Crop Science, active substance: 8.4%
w/w  copper oxychloride, 40.6% w/w
iprovalicarb; formulation: water-dispersible
granulate (WG);

e Ridomil Gold R WG®: produced by
Syngenta; active substance: 2% w/w metalaxyl-
m, 14.1% wi/w copper oxychloride; formulation:
water-dispersible granulate (WG);

e Thiovit Jet®: produced by Syngenta,
active substance: 80% w/w sulfur, formulation:
Water dispersible granule (WG);

e Triomax WP®: produced by Agria,
Bulgaria, active substances: 4% wiw
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cymoxanil, 29% w/w copper oxychloride and
12% w/w mancozeb, formulation: Wettable
powder (WP);

e Zato 50 WG®: produced by Bayer Crop
Science; active  substance: 50%  wi/w
trifloxystrobin; formulation: water-dispersible
granulate (WG)

All plant protection products were
examined in the same concentration of 0.3%
(w/v) in order to eliminate the concentration
factor influence, and the solutions were
prepared with:

e (distilled water;

o distilled water plus 0.1% wetting agent
(organosilicone surfactant for plant protection
products — Silwet L-77© produced by
Momentive Performance Materials Company
GmbH Leverkusen, containing
polyalkyleneoxide modified
heptamethyltrisiloxane as a wetting agent
substance);

e very hard tap water (hardness = 196.9
ppm CaCO3, 11 °dH);

e very hard tap water plus 0.1% wetting
agent (organosilicone surfactant for plant
protection products — Silwet L-77©)

Standard microscopic slides (750 mm -
250 mm - 2 mm) were used and 1 ml of tested
pesticide solution was sprayed via mini manual
plastic trigger hand mist sprayer (300 ml
volume tank capacity; 300 microns droplets
size) onto it. One test variant consisted of 5
slides (replicates). After air drying of the
solutions (in the thermostat at 20°C, for 24
hours), visual observations via a light
microscope with magnification 200x were
performed and images with 3MP digital camera
were taken. One slide was pictured on three
randomly selected places. This means that 15
images per variant were taken and analyzed.
Images were processed for percent distribution
and spreading of the particles by ImageJ

software (https://imagej.net/ij/). Imagel is a
Java based open-source software extremely
popular for analyzing images in the areas of
biology, chemistry and technology (Abramoff et
al., 2004; Collins, 2007; lgathinathane et al.,
2008). The using method for image processing
was proved to be working in the area of
measurement of pesticides spearing onto
surfaces and accuracy of treatments (Mangado
etal., 2013).

One-way ANOVAs statistical analyses
were performed via R language for statistical
computing for establishing the statistical proven
differences between the variants (Ritz and
Streibig, 2005; Teetor, 2011).

RESULTS AND DISCUSSION

The percentage coverage of the tested
plant protection products solutions prepared
with pure distilled water and distilled water plus
organosilicone wetting agent are presented in
Figures 1 and 2.

The results obtained show that different
plant protection products can have a different
distribution and coverage onto treated surfaces
even though they are based on the same active
substances. Kumulus DF and Thiovit Jet have
80% w/w sulfur as an active ingredient.
However, their solutions prepared with distilled
water have had different particles distribution
and coverage - Kumulus DF achieved 35%
better coverage compared to Thiovit Jet
(p<0.05).

However, the addition of a wetting agent
improved this property of Kumulus DF by
approximately 20% (p<0.05) while Thiovit Jet
showed no established significant differences
(p>0.05). The organosilicone surfactant visually
(with a naked eye) and significantly improved
the spreading and wetting ability of solutions
(established by K6 Force Tensiometer produced
by KRUSS GmbH) of all tested plant protection
products onto slides.
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Percents coverage of the particles

| distilled water m distilled water
plus 0.1 % Silwet L7972

81,8

Kumulus DF Thiovit Jet Champion Triomax Manex Bordo Mix Delan 70
WP WP 20 WG WG

Figure 1. Percent of coverage of the particles with distilled water and distilled water plus
organosilicone wetting agent

Percent coverage of the particles

m distilled water | distilled water
plus 0.1 % Silwet L77

94,5 96,6

Funguran Equation Kabrio Curzate Cuprotsin Melody Ridomil Zato 50
OH50WP  Pro Top 60 WG Super M Compact GoldR WG
49 WG WG

Figure 2. Percent of coverage of the particles with distilled water and distilled water plus
organosilicone wetting agent
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The microscopic images showed that the
solutions of Champion WP, Triomax WP, Delan
70 WG, Fungoran OH 50 WP and Thiovit Jet
prepared with distilled water did not have
significant differences of particles distribution
and coverage (p>0.05). In relation to other plant
protection products such as: Equation Pr,
Ridomil Gold R and Zato 50 WG, the
improvement of particles distribution and
coverage with the addition of a wetting agent
was sizable (p<0.05) in the range of 330 -76.5%.
From all tested fungicides Ridomil Gold R

showed the lowest (22.5 %) while Bodo Mix 20
WG and Curzate 60 WG showed the highest
(92% and 94.5%) particles distribution and
coverage when their solutions were prepared
with distilled water. However, the addition of a
wetting agent to the solutions of Ridomil Gold
R improved particles distribution and coverage
in the highest degree.

Next Figures 5a and 5b. Percentage
coverage of the fungicide particles in the
experimental solutions done with very hard
water.
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Figure 4. R|d0m|I Gold R 0.3% solutlon prepared with distilled water (Ieft)and solutlon prepared
with distilled water plus organosilicone surfactant for plant protection products — Silwet L-77 (right)

M hard tap water
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Percent coverage of the particles

M hard tap water
plus 0. 1 % Silwet L77
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Kumulus Thiovit Jet Champion
DF WP

Triomax
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Bordo Mix Delan 70
20 WG WG

Manex

Figure 5a. Percent of coverage of the particles with very hard water and very hard water plus
organosilicone wetting agent

The results show that using very hard
water for preparations of the solutions did not
affect the distribution and coverage of the
particles of some of the products (p>0.05);
however, towards others such as Champion WP,

Triomax WP, Equation Pro and Zato 50 WG,
the usage of very hard water actually increased
the degree of distribution and coverage of the
particles (p<0.05).
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M hard tap water
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Percent coverage of the particles

M hard tap water
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Figure 5b. Percent of coverage of the particles with very hard water and very hard water plus
organosrllcone wettlng agent
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Figure 6. Zato 50 WG 0 3% solutlon prepared Wlth dlstllled Water (Ieft) and Wlth very hard water

An opposite effect was observed
towards Bordo Mix 20 WG and Curzate 60 WG
(p<0.05). The addition of the organosilicone
wetting agent to the plant protection products
solutions prepared with very hard water
decreased the distribution and coverage of the
particles towards Kumulus DF, Champion WP,
Triomax WP, Cuprotsin Super M, Ridomil Gold
R WG and Zato 50 WG, while towards Melody
Compact 49 WG an increment was observed.

The method for using the microscope
images for making an analysis of pesticide
treatments, and pesticide particles onto treated
with pesticide solution surfaces is not new
(Hart, 1979). However, using the scanning

(right)

electron microscope is a very expensive
method, but mandatory if such research is
conducted with leaves and other plant parts. By
using simple microscopic glass slides and a
common light microscope, the spreading and
distribution of pesticide particles and the
influence of wetting and sticky agents on this
process can also be revealed at a much lower
price and in a shorter period of time. The glass
is a fully hydrophobic smooth surface. The use
of real leaf surfaces in not appropriate due to the
great variations in the texture and type of
surfaces, and this will work only if the pesticides
are applied in relatively high concentrations
when the distribution and spreading of the
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particles can be detected via a stereo
microscope. According to many studies, water
hardness is one important property that can
influence the performance of pesticides. By
increasing the hardness of water, the
performance of the plant protection products is
reduced (Gupta et al., 2008; Schortgenand
Patton, 2020; Ranjbar et al., 2021). However,
the present study showed that the water
hardness affects the distribution and coverage of
particles for only two out of all 15 tested
fungicides - Bordo Mix 20 WG (active
substance: 20% w/w Bordeaux mixture) and
Curzate 60 WG (60% w/w cymoxanil). In many
investigations, the addition of wetting agents to
the pesticides’ solutions can increase their
effectiveness significantly (Karnok et al., 2004;
Czarnota and Thomas, 2010; Hazra and Purkait,
2019). In this study the addition of the
organosilicone wetting agent improved the
distribution and coverage of particles onto
treated surfaces only for a few of the tested plant
protection products - Ridomil Gold R WG (in a
very big degree), and for Zato 50 WG, Kabrio
Top and Equation Pro - when their solution was
done with distilled water. Towards other
pesticides such as Bordo Mix 20 WG, Curzate
60 WG, Cuprotsin Super M and Melody
Compact 49 WG, the presence of the
organosilicone wetting agent actually decreased
the distribution and coverage of particles onto
treated surfaces. The results were different
when very hard water mixed with an
organosilicone wetting agent was used.

CONCLUSION

The conducted investigation shows that
the distribution and coverage of particles onto
sprayed with pesticide solutions surfaces can
vary even among very similar plant protection
products such as Kumulus DF and Thiovit Jet.
The better distribution and coverage will lead to
a better exposition of pests to the pesticides and
respectively — better effectiveness. Revealing
this property can be important for choosing

10

between the similar plant protection products
like Kumulus DF and Thiovit Jet, for example.
The research revealed that this property can vary
when water with different hardness is used for
the preparation of the pesticide solutions.
Despite the common perception that hard water
can reduce the effectiveness of pesticides
towards pests, according to the distribution and
coverage of particles onto treated surfaces, in
some cases, hard water can even increase it.
This is very important because, in many cases,
farmers cannot use other sources of water for the
preparation of their pesticide solutions. The
other variant is to use hard water softeners
ajuvants which of course will increase spraying
costs. The addition of a wetting agent although
strongly increases the spread of solutions onto
sprayed surfaces, towards particles of the plant
protection products can even reduce it. This also
varies when water with different hardness is
used for the preparation of solutions, so the
additions of such kinds ajuvants is strongly
recommended for achieving the best
effectiveness from the pesticide spraying.
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