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ABSTRACT

Agricultural spray adjuvants (ASA) are widely used in pesticide applications to enhance
the performance of pesticides. The aim of this research was to investigate the effects of
ASA on static surface tension (SST) and foliar spray retention on coffee leaves. The SST
of ASA at different concentrations was determined by the drop weight method. Spray
retention on adaxial and abaxial coffee leaf surfaces was performed using a micro-sprayer
at solution concentrations of 0, 0.01, 0.1, 0.5, and 1.0% v v''. The ASA assessed were:
polyether-polymethylsiloxane-copolymer (PPC); Nonylphenol ethoxylate; nonyl
polyethylene glycol ether; mineral oil; nonylphenoxy polyethoxy ethanol; carboxyl
copolymer of styrene and butadiene; primary aliphatic oxyalkylated alcohol plus carboxyl
copolymer of styrene and butadiene; and soyal phospholipids and propionic acid. All ASA
reduced the SST of the aqueous solutions. PPC provided the best performance in
decreasing SST, reaching values below 20 mN m™' at a concentration of 0.05% v v’
Spray retention on leaves was influenced by adjuvant type as well as concentration. A
very strong positive correlation between SST and spray retention on coffee leaves was
observed. Decreasing the SST of the solution provided a reduction of spray retention
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when spraying was performed until run-off point.

INTRODUCTION

The mitigation of risk of pesticide application is
currently a priority for achieving sustainable agriculture.
Pesticide losses by run-off, leaching, evaporation, and drift
during spray application may increase environmental
pollution and result in adverse effects to living organisms
(Mahmood et al., 2016).

To ensure the efficiency of chemical treatments, the
droplets containing the pesticide active ingredient must
stick on the target surface regardless of the pesticide
applied (systemic or contact). Agricultural spray adjuvants
(ASA) can influence the spray deposition and retention of
pesticide droplets on the plant surface. When a droplet
impacts a leaf surface, three outcomes are possible:
adhesion, bounce, or shatter (Zwertvaegher et al., 2014).

There are many factors that contribute to the
performance of pesticide applications. Droplet size, droplet
velocity, leaf surface structure (waxy or hairy), the
chemical composition of the spray solution, and
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meteorological conditions (air temperature, wind velocity,
and relative humidity) may greatly influence the coverage
area and consequently control of weeds, diseases, mites,
and insects. The proper ASA used in the pesticide tank
mix may contribute to improving the performance of the
application (Alves & Cunha, 2014; Sasaki et al., 2015).
Static surface tension (SST) constitutes one of the
most important properties of the spray tank mix, being able
to influence the biological activity of the pesticides.
Reduction of SST by adjuvants may improve the adhesion,
spreading, wetting, and penetrating effects of the
pesticides, as well increase translocation of the active
ingredients into the plant tissues (Gimenes et al., 2013;
Gitsopoulos et al., 2014; Lin et al., 2016; Zhu et al., 2018).
However, attention in some circumstances is necessary,
especially regarding the run-off of spray droplets that
reach the leaves (Costa et al., 2015; Prado et al., 2016).
Brazil is the largest world producer and exporter of
coffee (Pinto et al., 2014). Among the crops produced in
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Brazil, where pesticides and ASA are frequently used,
coffee is of great importance. Pesticides on coffee plants
are frequently applied using a higher spray volume
specifically to control insects such as mealybugs and mites
that are inside bark crevices (Dorr et al., 2014; Dorr et al.,
2016; Santinato et al., 2017). To reach these pests, many
coffee producers increase the spray volume to provide
better penetration and deposition inside the coffee canopy,
which may lead to excessive losses by run-off (Decaro
Junior et al., 2014; Decaro Junior et al., 2015). In addition
to the higher spray volume application, a tank mix
adjuvant that reduces the SST of the spray solution can
negatively influence the amount of deposits retained on the
leaves of the coffee plants (Silva et al., 2008).

Although a wide variety of ASA have been shown
to increase spray deposition on foliage, there is little
quantitative information regarding the effectiveness of
different classes of adjuvant used as retention enhancers,
especially when applying high spray volumes, usually for
crops such as coffee. Due the frequent use of ASA,
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understanding the effects on spray retention using
excessive spray volume may be valuable to avoid losses
and increase the performance of pesticides. Thus, the
objective of the present research was to evaluate the SST
of solutions containing ASA, as well as the foliar retention
of these spray solutions applied on coffee leaves until run-
off point.

MATERIAL AND METHODS
Static surface tension determination

SST assessments were performed in the laboratory
of Pesticide Application at the College of Technology and
Agricultural Science UNESP — Campus of Dracena. The
solutions were tested at 15 concentration levels for each
one of seven adjuvants (0, 0.001, 0.0025, 0.005, 0.0075,
0.01, 0.025, 0.05, 0.075, 0.1, 0.25, 0.5, 0.75, 1.0, and 2.0%
v v!). Details of the adjuvants’ composition are
summarized in Table 1.

TABLE 1. Agricultural adjuvants’ description assessed in the experiments of surface tension and spray retention on coffee leaves.

Commercial Use and composition Label dose Supplier
name p vv!(%) pp
_ -1 _ i - i
Break Thru Super-spreader penetrant surfactant — 1000 g L™ polyether-polymethylsiloxane-copolymer Until 0.1 Evonic
(PPC) Degussa
. Spreader sticker surfactant — 250 g L™ nonylphenol
Adesil cthoxylate (NE) 0.03 Nufarm
In-Tec Spreader sticker — 124.4 g L™ nonyl polyethylene glycol ether (NPGE) 0.05 Inquima
Nimbus Adjuvant — 428 g L' mineral oil (MO) 0.5 Syngenta
Agral Spreader sticker surfactant — 200 g L™ nonylphenoxy polyethoxy ethanol (NPE) 0.03 Syngenta
Tactic Spreader sticker — 640 g L-'carboxyl copolymer of styrene and butadiene (CCSB) 0.05-0.25 Ee Sangos.se
groquimica
Gri Spreader sticker — 100 g L™ primary aliphatic oxyalkylated alcohol + 450 g L' carboxyl 0.125-0.25 De Sangosse
P copolymer of styrene and butadiene (PAOA) ) ™ Agroquimica
Li-700 Acidifying and penetrating surfactant — 350 g L' soyal 05 De Sangosse
phospholipids and 350 g L ! propionic acid (SPPA) ) Agroquimica
The SST of the aqueous solution was determined by y= =L (1)
2nrf

the gravimetric method quantifying the weight of the
droplets formed at the tip of a glass capillary burette (50
mL capacity) placed in a vertical direction (Prado et al.,
2016). The free droplets detached at the tip of the glass,
falling into a 25 mL beaker containing 30 mL of vegetable
oil to avoid solution evaporation. The beaker was located
within the analytical precision balance with 0.0001 g
accuracy (Marte, model ATY 224, Santa Rita do Sapucai,
MG, BR) and the tip of the glass burette was kept 10 cm
above the beaker.

The burette was adjusted to form droplets at the time
between 15 to 20 seconds and the liquid column was kept at
25 mL of the graduation scale. The test was carried out at a
temperature of 25+1 °C and relative air humidity of 60 +
10%. Fifteen droplets were measured per treatment and each
droplet considered a repetition (Carvalho et al., 2017). All
adjuvant solutions were prepared with deionized water.

Since the weight concentrations of surfactant were
low, both the liquid density and viscosity of the surfactant
solution were considered similar to the deionized water.
The average droplet weight data were converted into
surface tension according to [eq. (1)], described by
Behring et al. (2004):

Where:
vy = surface tension (mN m™);
m = average droplet mass (g);
g = gravitational acceleration (980 cm s72);
7 =pi (3.1416);

r = internal radius of the burette tip where the
droplet is formed (0.2037 mm), and

f = correction factor (0.6461).

Spray retention determination

Spray applications on coffee leaves were conducted
using solutions containing the same adjuvants described
previously (Table 1). The adaxial and abaxial surfaces of
the coffee leaves were sprayed separately with adjuvant
aqueous solutions at concentrations of 0, 0.01, 0.1, 0.5, and
1.0 % v v! with five replications (each leaf side was
considered one repetition). These concentrations were
chosen in order to have a good representation of the
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adjuvant label doses tested in this research. The coffee
leaves were collected from six year old plants of Coffee
Arabica cultivar Mundo Novo, grown under non-
controlled environmental conditions at a spacing of 0.8 x
4.0 m, located in the College of Technology and
Agricultural Science. Plants had uniform architecture with
2.0 m in height and 1.0 m in diameter of the canopy closer
to the ground. Soil at this location is classified as Distrofic
Ultisol (Santos et al., 2018). The climate, according to
Koeppen’s classification, is Aw (tropical savanna, with a
dry winter and hot, rainy summer). Coffee branches were
removed from the trees and immediately carried to the
laboratory. The base of the removed branches containing
the leaves were kept into a 1 L pot filled with water before
being sprayed, to avoid leaf dehydration. Mature coffee
leaves were removed from the branches and had their
weights determined by analytical precision balance
(Marten, model AY 220, Sao Paulo, SP, BR).

Afterwards, the leaves were placed in a vertical
position (holding the petiole leaves by hand) and the
adjuvant aqueous solution was sprayed by a portable
micro-sprayer which consisted of a dual action gravity
feed airbrush (Sagyma SW - 775) with a 0.3 mm tip,
pressured by an airbrush compressor (Sagyma ASW-18) at
151.8 kPa, spraying very fine droplets (volumetric median
diameter of 32 pm) determined by a VisiSize Portable P15
(Oxford Lasers, Imaging Division, Oxford, U.K.),
according to Carvalho et al. (2017).

The spraying was performed on one side of the
leaves at a distance from the airbrush of 0.3 m until the
run-off point was reached at a temperature of 23 = 2 °C
and 65 + 10% relative air humidity. The spraying until run-
off point was performed to simulate a high spray volume
application. After spraying, the leaves were again weighed
and the spray solution retained was measured by weight
difference. The area of each leaf was measured according
to methodology described by Silva et al. (2008).

The width and length of the leaves were measured
by a transparent graduated ruler. The first measurement
being obtained in the central region of the leaves, with the
ruler positioned transversely to the central vein and the
second measured with the ruler arranged parallel to the
central vein, proceeding to the reading of the leaf apex to
the base of insertion of the petiole (Silva et al., 2008). The
leaf area was calculated using [eq. (2)]:

A=cx*lxk (2)
Where:

A = foliar area (m?);

¢ = leaf length (m);

! = leaf width (m), and

k = correction factor (0.663) (Silva et al., 2008). The
weight value was divided by the foliar area of each
leaf and the retention results expressed in mL m~.

Statistical analysis

Statistical analysis of SST dates of each adjuvant
was performed using the Software R® and regression
analyses were represented by the Mitscherlich modified

leq. 3

Y = Yaw - a(1-10°) 3)
Where:

v = surface tension in mN m™';

Yaw = deionized water surface tension (71.7 mN m™);

a = maximum horizontal asymptote attainable in
the original model;

¢ = curve inflection representing the efficiency of
the surfactant. The higher the wvalue of this
parameter represents the most effective the
surfactant is to attain the minimum surface tension
in a lower concentration;

x = surfactant concentration (%v v'!),

Yaw — a = corresponds to the minimum surface
tension reached by adding surfactant in aqueous
solution. The Mitscherlich model was modified to
achieve a better fit to the data (Silva et al., 2006),
expressing the relationship between surfactant input
and surface tension reduction.

For the spray retention data, a one-way analysis of
variance was carried out and the significant differences
compared using the Scott—Knott test (P < 0.05). The
Pearson correlation test was applied in order to elucidate
the degree of linear association between SST and adjuvant
concentration (AC), SST and foliar retention, and finally,
AC and foliar retention.

RESULTS AND DISCUSSION

Effect of adjuvant concentration on static surface
tension reduction

The influence of agricultural adjuvants and
concentration on SST reduction provided by an adjusted
modified Mitscherlich model is represented in Figure 1.
Since SST remains constant at concentrations up to 0.3% of
all adjuvants assessed, the SST up this point was not shown
in order to provide better visualization of the SST response
in lower AC. AC had a marked effect on the rate in lowering
SST (Figure 1). SST decreases as concentration increases
until reaching the critical micelle concentration (CMC) seen
in Figure 1 (PPC adjuvant) by the inflection curve point (c
parameter), and thereafter, there was no change in SST
values as concentration increases.
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FIGURE 1. Influence of agricultural adjuvants and concentrations on reduction of static surface tension, adjusted by the
modified Mitscherlich model. CMC: Critical micelle concentration.

NE: nonylphenol ethoxylate (NE); NPE: nonylphenoxy polyethoxy ethanol; PPC: polyether-polymethylsiloxane-copolymer; PAOA: primary
aliphatic oxyalkylated alcohol + carboxyl; SPPA: soyal phospholipids and propionic acid; MO: mineral oil/ CCSB: carboxyl copolymer of
styrene and butadiene; NPGE: nonyl polyethylene glycol ether.

Variance analysis results of SST obtained by the modified Mitscherlich model are presented in Table 2. High adjusted
coefficient of determination (R%g) values and significances (p < 0.01) indicate that these equations provide good model
profiles and accurate estimates of aqueous solution SST determination.

TABLE 2. Parameters of regression analysis obtained by the modified Mitscherlich model equation y = ya, - a(1-10"%) to
the adjuvants.

MST MAC

Adjuvants A c Y- @) vyl Fregression R2ui
polyether-polymethylsiloxane-copolymer 51.9 56.1 19.8 0.05 26130.7" 0.98
nonylphenol ethoxylate 41.4 53.7 30.3 0.06 6409.8™ 0.81

nonyl polyethylene glycol ether 393 26.1 324 0.11 15547.0™ 0.92
mineral oil 36.7 18.0 35.0 0.16 28470.4™ 0.95

nonylphenoxy polyethoxy ethanol 40.5 16.5 312 0.18 72909.4™ 0.99
carboxyl copolymer of styrene and butadiene 50.8 12.7 20.9 0.24 36709.1™ 0.99
soyal phospholipids and propionic acid 39.0 7.3 32.7 0.40 32417.3™ 0.95

**Significantly (p < 0.01) by Fisher’ test; R? adj: Coefficient of determination adjusted; MST: Minimum surface tension (mN m); MAC:
Minimum adjuvant concentration to reach CMC.

The SST reduction intensities varied with the
chemical characteristics and concentrations of each
adjuvant. PPC was the most efficient adjuvant in reducing
the SST of deionized water. The activity of PPC in
lowering SST is higher, reaching the curve point of
inflection (CMC) in advance compared to the other
adjuvants evaluated in this research (Figure 1). PPC
reached a minimum SST value of 19.8 mN m! at a
concentration of 0.05 v v'! with a higher “c” parameter of
56.1 (Table 2).

As with PPC, the CCSB adjuvant shows higher
efficacy to reduce SST reaching a MST value of 20.9 m N
m. Although the adjuvant CCSB provides higher
efficiency in lowering the SST of deionized water, the
MST was reached at a concentration of 0.237 v v'!, which
is approximately 4.4 fold the MST of PPC. The adjuvants
PPC and CCSB, as previously noted, were the most
efficient adjuvants in reducing SST. The difference
between these two adjuvants is that PPC shows higher
efficiency reaching the MST in a low concentration
compared to CCSB. This result is supported by the low “c”
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parameter of CCSB (12.7) compared to PPC (56.1)
(Table 2). The low SST reached by the CCSB adjuvant is
probably attributed to the presence of a silicone fluid in
the formulation.

The NE adjuvant presented a higher “c” parameter
value of 53.7 and showed higher efficiency in reducing
SST in a low concentration, reaching the MST at a
concentration of 0.06 v v'!. Although the NE adjuvant
shows a higher “c” value, the MST reached by NE was
30.3 mN m’, this value is 10.5 and 9.4 mN m'' above the
MST from that found by PPC and CCSB, respectively
(Table 2 and Figure 1).

The NPE, NPGE, PAOA, SPPA, and MO adjuvants
reached similar results of MST with values of 31.2, 32.4,
32.5,32.7, and 35.0 mN m™!, respectively. Although these
adjuvants showed similar results of MST, distinct values
of efficiency measured by the “c” parameter were verified.
Comparing these five adjuvants as mentioned above,
higher efficiency was found for the adjuvant NPGE with
“c” parameter values of 26.1 followed by NPE 16.5, MO
18.0, PAOA 10.2, and SPPA 7.3 (Table 2). MO was the
adjuvant that minimally reduced SST, reaching a MST of
35.0 mN m.

The PPC, MO, CCSB, and SPPA adjuvants
reached the MST in a concentration equal or lower than
the label recommended concentration, while the NE,
NPGE, NPE, and PAOA adjuvants reached the MST in
concentrations greater than that recommend by the
manufacturer’s label (Table 2 and Figure 1). As expected,
increasing AC in deionized water provided a significant
reduction in SST in different intensities, depending of the
adjuvant type and concentration.

Prado et al. (2016) reported the greatest capacity of
super-spreader organosilicon surfactants such as PPC to

reduce SST of aqueous solutions compared to the other
categories of surfactants, reaching values of SST close to
20 mN m!, corroborating the results found in this research.
The greater efficiency of organosilicon surfactant to reduce
SST is due the low cohesive energy and flexibility of
siloxane moiety, which enables amphiphilic molecules to
adopt proper conformation at the interface of air/water and
solids (Kunieda et al., 1998).

The knowledge of how adjuvants may modify the
physic-chemical properties of water, especially SST, is
fundamental since water is the main vehicle to apply
pesticides in foliar spray. Understanding the intensity of
SST reduction by tank mix adjuvant is an important task in
the pesticide application process, as droplet spread is
greatly influenced by this phenomenon (Holloway et al.,
2000; Lin et al., 2016).

Reducing SST of pesticide solutions could greatly
improve coverage area on target surfaces (Xu et al., 2010)
and may consequently increase the performance of some
pesticides. The presence of adjuvants in a spray mixture
may affect pesticide deposit on the leaf surface, the
transcuticular diffusion of pesticides, and effect the
permeability of the plasma membrane (Wang & Liu, 2007),
and may also contribute to a better retention and spread of
spray solution on foliage (Gitsopoulos et al., 2014).

Spray retention study

The influence of adjuvants on coffee leaves’ spray
retention at different concentrations are shown in Table 3.
A higher influence of AC on spray retention was observed
on adaxial and abaxial surfaces of coffee leaves (F = 48.9;
P < 0.001; n = 480). In general, spray retention values
decreased as AC increased, becoming constant for most
adjuvants and leaf surfaces at a concentration of 0.1% v v''.

TABLE 3. Spray retention (mL m) of eight adjuvant solutions at different concentrations on the adaxial and abaxial surfaces

of coffee leaves. Standard deviations are presented in parenthesis.

NE NPE PPC PAOA

AC (%)
Ab-S Ad-S Ab-S Ad-S Ab-S Ad-S Ab-S Ad-S

0 68.7 (11.4)  69.2(6.1)F 68.7(11.4) 69.2(6.1)" 68.7(11.4) 69.2(6.1)F 68.7(11.4) 69.2 (6.1)f

001  62.8(54) 403 (8.8)° 57.1(9.0° 53.6(5.0¢° 363(5.1)¢ 382(43)¢ 61.1(7.0  63.1(8.7)

0.1 274 (410 203 (1.6 304(6.00° 29.7(2.6° 256(3.2)° 31.1(43)° 488 (4.6)°  43.6(5.4)

0.5 258 (3.1 247 (457 259(2.6) 29.5(44)P 27.6(32)° 28.0(L.1) 33.1(5.00° 28.8(4.2)

1 243 (1.8 211 (247 23.6(2.00 27.9(5.00 26.5(2.6)° 27.93.4)° 30.7(3.3)>  30.0(4.2)°

NPGE SPPA MO CCSB

0 68.7 (11.4)  69.2(6.1)F 68.7(11.4) 69.2(6.1)F 68.7(11.4) 69.2(6.1) 68.7(11.4) 69.2 (6.1)

0.01 68.4 (7.9 504 (7.0 41.6(62)7 46.4(12.5¢ 632(93) 49.6(8.7)° 69.1 (133)7 63.9 (12.4)

0.1 306 (3.6)°  32.0(34) 285(6.1) 29.6(8.5)P°  29.4(4.9)° 262(3.5)0° 292(3.4) 31.7(4.9)0

0.5 26.6 (4.9 29.7(1.4)° 19.7(6.4)7 30.7(9.9° 27.7(5.2)° 28.6(3.7)° 17.1 (2.4F  22.5(2.0)

1 210 (6.1  315(3.9° 20.7(5.7)° 303(22)° 324(3.6)° 245(3.60 182(22¢ 22.9(L7)

AC (%): adjuvant concentration; Ab-S: abaxial surface; Ad-S: adaxial surface.

Different superscript letters indicate significance difference according to Scott—Knott test (P < 0.05).

NE: nonylphenol ethoxylate (NE); NPE: nonylphenoxy polyethoxy ethanol; PPC: polyether-polymethylsiloxane-copolymer; PAOA: primary
aliphatic oxyalkylated alcohol + carboxyl; SPPA: soyal phospholypids and propionic acid; MO: mineral oil; CCSB: carboxyl copolymer of

styrene and butadiene; NPGE: nonyl polyethylene glycol ether.
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Spray retention on the adaxial surface did not
significantly differ from retention on the abaxial surface of
coffee leaves when spraying was done with water only,
i.e., without adjuvant. In general, for the majority of AC,
no significant differences were found between adaxial and
abaxial surfaces. This result is probably explained by the
similar morphological characteristics of abaxial and
adaxial leaf surfaces, although these parameters were not
investigated in this research.

The adjuvant PPC, at a concentration of 0.01% v
v'!, showed the lowest values of spray retention on both
coffee leaf surfaces, differing significantly from the other
adjuvants at this concentration except adjuvant NE on the
adaxial leaf surface. The lower spray retention values of
PPC at a concentration of 0.01% may be explained by the
lower SST reached by this adjuvant at this concentration
(Figure 1).

At a concentration of 0.1% v v, all adjuvants
provided significantly lower values of spray retention on
both leaf surfaces compared to spraying without adjuvant.
At a concentration of 0.1%, the adjuvant PAOA (Grip)
provided the greater and NE (Adesil) the lesser spray
retention values compared to the other adjuvants at this
concentration (Table 3). The spray retention value
difference between these two adjuvants is probably
attributed to other characteristics, which are not
necessarily caused by differences in SST. For example, the
adjuvants PPC and CCSB, at a concentration of 0.1%,
provided lower values of SST and not necessarily the
lower values of spray retention.

In general, the reduction of spray retention was more
evident when the AC was above 0.1% v v'!, decreasing
sharply from a concentration of 0.01% to 0.1% v v'. At a
concentration up to 0.1% v v!, the spray retention declined
slowly or did not decline for most adjuvants.

Moderately negative Pearson correlations between
AC vs SST (r=0.65; p <0.001; n=112) and AC vs spray
retention (r = 0.62; p < 0.001; n = 112) were found.
Increasingly, AC provided a sharp reduction of SST and
spray retention, becoming stable at a concentration of
0.3% v v (date not shown). A very strong positive
correlation between SST and spray retention (r = 0.90; p <
0.001; n = 112) was verified. Gaskin et al. (2000) reported
lower spray deposition on easy-to-wet leaves when the
spraying was performed with an adjuvant in the spray
solution. The author attributed this effect to observable
spray droplet coalescence and run-off, especially when
applying a higher spray volume.

The average of spray deionized water retention
(69.0 mL m) was approximately 2.4-fold greater than the
average of all adjuvants on both leaf surfaces at a
concentration of 0.1% v v! (30.8 mL m?). As SST of
spray solution was decreased by the addition of an
adjuvant, a reduction of spray retention was observed. The
lower spray retention on coffee leaves is due to the higher
spray volume used in this research (until run-off point) and
the lower SST of spray solutions. Silva et al. (2008)
reported a reduction of 64% on coffee leaf spray retention
when spraying was realized until run-off point, in the
presence of polyoxyethylene alkyl phenol ether surfactant
at a concentration of 0.1% v v

628

The lower values of spray retention with lower SST
solutions may be explained by the follow steps: (1) adding
surfactant in deionized water provided a SST reduction of
spray solution (Figure 1); (2) the lower SST provided a
lower contact angle between the droplets and leaf surface
(Melo et al., 2019) increasing the wetted leaf area (Lin et
al., 2016; and (3) due the greater droplet spreading area,
the coalescence between the droplets increased the wetted
area on the leaf surface (Xu et al.,, 2010) with a low
quantity of solution and consequently, provided a run-off
(Prado et al., 2016).

The influence of aqueous solutions with surfactants
in reducing spray retention on coffee leaves sprayed until
run-off point was clear. Since many foliar pesticides spray
applications are necessary in this crop in order to control
insects, mites, and diseases, attention should be taken that
despite the use of adjuvants in the pesticide tank mix, that
excessive run-off may provide inefficient control,
especially in pesticides registered on a dose per volume
basis. The losses by run-off using adjuvant that reduce
SST in a tank mix may be accentuated during the morning
time due to leaves being wetted by dew formation.

Therefore, application techniques with high
volume rates in the presence of adjuvant should be
avoided, especially for easily wetted leaf surfaces, since
run-off can be reached more quickly and increases the
losses to the environment.

Another undesirable parameter provided by
excessive run-off is the risk of contamination of the soil
water and air by pesticides (Pose-Juan et al., 2015). The
amount of pesticide that reaches the soil may cause
detrimental effects on soil microorganisms and modify the
ecosystem (Cai et al., 2016). In this way, the most
assertive application techniques of pesticides may reduce
environmental problems and consequently, increase the
performance of treatments.

Depending of the adjuvant type and concentration,
the spray retention on coffee leaves was three times lower
compared with the water retention without adjuvant.
Caution must be taken to avoid losses by run-off when
applying pesticides to coffee plants in an excessive spray
volume using a tank mix adjuvant. On the other hand, the
use of adjuvant/surfactant that reduces SST may be an
important tool in reduced spray volume application
programs in coffee crops.

CONCLUSIONS

The SST of aqueous solutions decreased as AC
adjuvant concentration increased until reaching a CMC,
which varied according to each adjuvant. As expected,
PPC adjuvant reached the lower values of SST in a low
concentration.

The reduction of spray retention on coffee leaves
was verified when an adjuvant was added in an aqueous
spray solution until reaching the run-off point. The SST
makes an important contribution to coffee leaves’ spray
retention.
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