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ABSTRACT: This study aimed to evaluate the effects of rain on
the efficiency of different formulations of glyphosate applied in
isolation and in combination with saflufenacil on the control of
Brachiaria decumbens. This study was conducted during the first
half of 2013. The treatments consisted of an isolated application
of three formulations of glyphosate (Roundup Original,
Roundup Transorb R, and Roundup WG) at 1,080 g a.e.
ha' and mixed with saflufenacil at 24.5 g a.e. ha' + Dash at
0.5% v/v at six time intervals of simulated rain: 15, 30, 60,
120, 240 and 360 minutes after application of herbicides
and a control treatment without rain. We performed visual
evaluations of plant control at 4, 7, 14, 21 and 28 days after
application of herbicides. The mixture of saflufenacil + Dash
with the original Roundup formulations, Roundup Transorb R
and Roundup WG increased the control speed of B. decumbens
plants regardless of the rain interval studied. The formulations
of glyphosate (Roundup Transorb R and Roundup WG) applied
in isolation were affected by rains that occurred shortly after
spraying. In combination with saflufenacil + Dash, there was a
synergistic effect on weed control.
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RESUMO: O objetivo do trabalho foi avaliar a ocorréncia de chu-
vas na eficiéncia de diferentes formulagées de glyphosate aplicadas
de forma isolada e em mistura com o saflufenacil, sobre o controle
de Brachiaria decumbens. O estudo foi realizado no primeiro semes-
tre de 2013. Os tratamentos constaram da aplicacio isolada de trés
formulagées de glyphosate (Roundup Original, Roundup Transorb R
e Roundup WG) 2 1.080 g e.a. ha! e em mistura com o saflufenacil
a24,5 gia. ha' + Dash a 0,5% v/v e, seis intervalos de tempo para
simulacdo da chuva: 15; 30; 60; 120; 240 e 360 minutos apés a apli-
cagio dos herbicidas e uma testemunha sem chuva. Foram realizadas
avaliagoes visuais de controle das plantas aos 4; 7; 14; 21 e 28 dias apds
aaplicacdo dos herbicidas. A mistura de saflufenacil + Dash as formu-
lagées de Roundup original, Roundup transorb R e Roundup WG
aumentaram a velocidade de controle das plantas de B. decumbens,
independente do intervalo de chuva estudado. As formulacdes de
glyphosate (Roundup Transorb R e Roundup WG) aplicados iso-
lados foram afetadas por chuvas que ocorreram logo apés a pulve-
rizagio e quando em mistura com saflufenacil + Dash observou-se
efeito sinérgico no controle das plantas daninhas.
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INTRODUCTION

The presence of weeds is one of the most important factors
affecting an agricultural economy on a permanent basis, as crops
are subject to a series of environmental actions that directly or
indirectly influence their growth, development and productivity.

Species such as Brachiaria decumbens compete with crops
for physical space, promote competition for environment
resources such as water, light and nutrients, may be hosts for
pests and diseases, and interfere with the harvesting process
by reducing the speed of movement of harvesters or even by
clogging them (SILVA et al., 2008; 2009).

For an efficient control of species such as Brachiaria and
a reduction in production costs, the use of herbicides such as
glyphosate has been a management alternative, especially when
using direct sowing in straws. The development of resistant
glyphosate cultures has led to a marked increase in the use of
this herbicide, since it is used to desiccate a broad spectrum
of annual and perennial weed species.

It should be noted that the application of glyphosate on a
large scale has successively caused a very large selection pressure
on agricultural areas, resulting in selection and predominance
of weeds that are difficult to control and resistant biotypes
(JONES etal., 2005; VILA-AIUB et al., 2007; OWEN, 2008;
CARVALHO et al.,, 2011; GAINES et al., 2012).

In order to increase levels of effective control of this spe-
cies and reduce production costs, new alternatives have been
researched. The use of glyphosate mixed with other herbicides
has been shown to be a control strategy with a high use poten-
tial YAMAUTT etal., 2010; MACIEL et al., 2011; STEWART
etal., 2011; ALONSO etal., 2013; GONCALVES etal., 2016).

Saflufenacil is an herbicide inhibitor of the proto-porphy-
rinogen IX oxidase enzyme (PPO or PROTOX) used during
post-emergence for a broad control of eudothycotton weeds
(GROSSMANN et al., 2010). It is noteworthy that, in a study
conducted by EUBANK et al., (2013), the authors observed
that the spray of saflufenacil mixed with glyphosate for the
control of glyphosate-resistant Conyza canadensis provided an
additive effect on the control of this species.

The interactions between saflufenacil and glyphosate in
tank mix also provided a better control of Panicum texanum
when compared to the isolated application of saflufenacil
(SINGH et al., 2011). This indicated that saflufenacil has a
great potential when mixed with glyphosate as an alternative
for the control of broadleaf weeds and grasses.

However, herbicide uptake and translocation are limited
by the volume that crosses leaf cuticles, and this is significantly
influenced by climatic conditions, molecular structure of weed
species and characteristics of herbicides and their adjuvants
(FENG et al., 2000).

Studies conducted to demonstrate the effects of rain on
the efficacy of glyphosate after post-emergence application
have shown that this herbicide decreases its control efficiency

when rain occurs soon after its application (MARTINI et al.,
2003; SOUZA etal., 2013; 2014). However, control efficacy
is also directly influenced by the various formulations avail-
able in the market and by the dose used (FENG et al., 2000;
MONQUERO; SILVA, 2007).

Due to a lack of knowledge on the possible effects of rain
on the efficacy of saflufenacil in tank mixes, it is of fundamen-
tal importance that studies be carried out to better exploit the
potential of this new herbicide. Therefore, this study aimed
to evaluate different rain intervals between sprayings of gly-
phosate using different formulations (Roundup original,
Roundup Transorb R and Roundup WG), isolated and mixed
with saflufenacil, and the influence of rain on the control of

Brachiaria decumbens.

MATERIALS AND METHODS

The study was conducted at the NUPAM (Nucleo de Estudos
Avancados em Matologia), belonging to FCA/UNESD, campus
of Botucatu/SP, during the first semester of 2013. In order to
provide optimum growth conditions for Brachiaria decumbens
plants, the seeds were sown in plastic pots with a soil capacity
of 1.5 L, and placed in a greenhouse.

‘The soil was fertilized with the NPK formulation 04-14-08,
and corrected using dolomitic limestone according to soil anal-
ysis and fertilization recommendation of the Bulletin 100 for
Corn Crops (RAIJ et al., 1996). After the emergence of seed-
lings, a thinning was performed, and only one plant per pot
was stacked. The treatments were applied when plants were
16-20 cm high (6-8 leaves).

The study was completely randomized with four replicates
arranged in a 7 x 7 factorial design (seven chemical treatments
for seven rain exposure periods), in addition to one control
treatment without application of herbicides.

The treatments consisted of spraying isolated glyphosate
using three commercial formulations: Roundup Original
(isopropylamine salt), Roundup Transorb R (potassium salt)
and Roundup WG (ammonium salt) at 1,080 g a.e. ha and
mixed with saflufenacil at 24.5 g a.i. ha'. 0.5% v/v of Dash
adjuvant was added to the isolated saflufenacil treatment and
mixed with the three formulations of glyphosate.

For the application of herbicides, a stationary spraying
system was used, pressurized by air and equipped witha 2 L
reservoir. The equipment was regulated to provide a consump-
tion of 200 L ha''. The application bar was equipped with
four “Teejet” XR 11002VS flat jet tips spaced 50 cm apart.
The environmental characteristics at the time of application
were: temperature of 25-28°C and RH of 76-81% (begin-
ning and end of spraying).

After the application of herbicides, a 20 mm rain-
fall was simulated out for 10 minutes using a stationary
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simulator at the following time intervals after application
of herbicides: 15 min, 30 min, 1, 2, 4 and 6 h, plus a treat-
ment without rain. After the spraying of herbicides and
the simulation of rains, visual control assessments were
performed at 4, 7, 14, 21 and 28 days after application
of herbicides using a graded percentage scale, in which
0 (zero) corresponded to no injuries and 100 corresponded
to plant death, according to the BRAZILIAN SOCIETY
OF WEED SCIENCE (1995).

The parameters used to establish visual control scores
were growth inhibition, quantity and uniformity of injuries,
tillering capacity and dead plants.

The results were submitted to analysis of variance by F test.
‘The means of the treatments were compared by Tukey test at 5%.

RESULTS AND DISCUSSION

We observed, in the first evaluation at 4 DAA (days after
application), that the isolated application of different for-
mulations of glyphosate caused symptoms of phytotoxicity
to Brachiaria decumbens plants only when there was no rain,
which evidenced a negative effect of rainfall on the control
of this weed (Table 1).

However, when saflufenacil + Dash was applied in isola-
tion and the formulations of glyphosate were sprayed in tank
mix with saflufenacil + Dash, phytotoxicity symptoms were

observed in B. decumbens plants in all periods studied (Table 1).

The addition of saflufenacil + Dash to the tank mix with
the different formulations of glyphosate initially provided a
greater control of B. decumbens plants. There were also effects
caused by the different rain periods evaluated. In general,
for all formulations of glyphosate analyzed and for the iso-
lated application of saflufenacil, we noted that the later the
occurrence of rain, the greater the control of B. decumbens
plants (Table 1).

At 7 DAA, an initial recovery of injuries was observed in
B. decumbens plants. This was caused by the isolated applica-
tion of saflufenacil + Dash. Only plants not subjected to rain
presented phytotoxicity symptoms (Table 2).

When comparing the mixtures of glyphosate with saflufena-
cil + Dash with the isolated application of different for-
mulations of glyphosate, a positive effect of the tank mix
was observed for most rain periods studied. The benefits of
saflufenacil + Dash during the first rain periods (15, 30 and
60 min) after herbicide spraying in all formulations were sig-
nificant, as there were significant increases in control in all
situations (Table 2). When rain lasted for more than 2 hours,
no gains were observed for the control, or they were similar
or even lower than those observed for the 2-hour rain period
for saflufenacil + Dash + Roundup WG.

An important aspect related to stress was the null control
provided by the application of Roundup Transorb R (potas-
sium salt) when rains occurred 15 min after its application,
as well as the low control of Roundup WG (ammonium salt)
compared to the original Roundup formulation (isopropyl-
amine salt) (Table 2).

Table 1. Mean values for percentage of control of Brachiaria decumbens at 4 DAA obtained by the unfolding of degrees of freedom
of the interaction between herbicides and periods without rain after the application of herbicides.

15 min 7.3aD 23abC 430abC 3.3abB 0.0bB 0O0bA 0O0bA
30 min 85aD 6.5abC 7.00 ab BC 3.3abB 0.0bB O.0ObA 0.0bA
1 hour 21.5aBC 17.8abB 10.30 bc BC 4.8cdB 0.0dB 0.0dA 0.0dA
2 hours 33.3aABC 18.5abB 14.00 bc AB 8.0 c AB 0.0dB 0.0dA 0.0dA
4 hours 30.0aA 19.0bB 8.80cBC 55cdB 0.0dB 0.0dA 0.0dA
6 hours 20.0acC 19.5aB 11.80bBC 9.3 b AB 0.0cB 00cA 00cA
No Rain 28.0a AB 28.3aA 19.55b A 15.0bA 7.3cA 23CcA 50cA
Treatment (T) 148.65**
Rainfall (C) 41.35**

TxC 5.01**

CV% 42.82

dm.s 271

Means followed by the same lowercase letters in rows and uppercase in columns do not differ statistically by Tukey test (P < 0.05); '0.5% Dash
added, DAA: Days After Application; R: Roundup; saf.: saflufenacil; **Significant at 1% probability level.
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This was also observed by FENG et al. (2000), who
reported differences between glyphosate formulations as for
absorption rates. Roundup Ultra (ammonium salt) was more
efficient than Sulfosate 5 (sulfosate trimethylsulfonic salt) and
Roundup Original (isopropylamine salt) as for the uptake of
glyphosate by Abutilon theophrasti at shorter time intervals
after application. This may lead to a direct correlation between
the occurrence of a rainfall, and the speed and volume of gly-
phosate absorbed by plants, since the efficacy of glyphosate
depends on processes such as herbicide retention on leaf sur-
face, leaf penetration, plant-to-site translocation, and EPSPS
target enzyme inhibition (KIRKWOOD; MCKAY, 1994).

It can be seen, from 14 DAA, that the isolated applica-
tion of saflufenacil + Dash did not cause any injuries to B.
decumbens plants regardless of the rain period tested (Table 3).
The isolated application of Roundup Original (isopropylamine
salt) provided a total control of B. decumbens plants during
all rainy periods analyzed, which evidences that not even one
rainfall period occurring 15 min after spraying affected the
efficiency of this formulation (Table 3).

The other formulations, Roundup Transorb R and Roundup
WG, were affected by rains that occurred 15 min after spray-
ing and, to a lesser extent, with one rainfall period after
30 min (Table 3). These results corroborate those of SOUZA
et al. (2014), who, upon evaluating the occurrence of rains
15 minutes after spraying glyphosate herbicide using Roundup
Transorb, Roundup Transorb R and Roundup Ultra formu-
lations, did not observe a decrease in the control efficiency of
Senna obtusifolia plants.

A different result was observed by SOUZA et al. (2013),
who, upon evaluating the influence of rains on the efficiency
of herbicides sprayed on Ipomoea grandifolia plants, observed
that all formulations based on glyphosate decreased control
when there was a rain simulation, especially regarding treat-
ments in which rainfalls occurred soon after spraying herbi-
cides. MONQUERO; SILVA (2007) also reported a nega-
tive impact on the efficacy of glyphosate for the control of
Euphorbia heterophylla and Ipomoea purpurea with the occur-
rence of rains after its application.

Such apparently contradictory results found in the litera-
ture indicate that, in addition to environmental conditions at
the time of application, herbicide absorption efficacy may be
greatly influenced by several factors such as different formula-
tions, concentration of herbicides and surfactants, species and
phenological stages of weed development, growth habics, leaf
morphology and epicuticular wax composition (KIRKWOOD;
MCKAY, 1994; CHACHALIS et al., 2001a; HUANGFU
etal., 2007). It should be noted that a high amount of epicu-
ticular wax may be characterized in some species as an effec-
tive barrier to the absorption of herbicides (CHACHALIS
et al., 2001b). However, weeds with a high stomatal density
in their leaves may present relatively high levels of herbicide
uptake (HUANGFU et al., 2007).

By analyzing mixtures, we observed total control of
B. decumbens using Roundup Original and Roundup WG + for-
mulations (saflufenacil + Dash). Rain occurring up to 15 min
after spraying the mixtures did not influence the control of

plants (Table 3).

Table 2. Mean values for percentage of control of Brachiaria decumbens at 7 DAA obtained by the unfolding of degrees of freedom
of the interaction between herbicides and periods without rain after the application of herbicides.

15 min 96.0a A 37.5bcD 96.0 a AB 0.00dA 50.0bB 0.0dcC 15.0cdC
30 min 99.0aA 53.5bc CD 83.0ab AB 0.00d A 62.8bcB 47.8cB 47.5cB
1 hour 99.0a A 60.0 bc BCD 89.5 ab AB 0.00d A 62.3bcB 46.0cB 62.5bcB
2 hours 99.0aA 81.8 ab ABC 645bB 0.00cA 99.0a A 99.0aA 99.0a A
4 hours 99.0aA 85.5aAB 99.0aA 0.00b A 99.0aA 99.0aA 99.0aA
6 hours 99.0aA 97.0aA 80.5 a AB 0.00b A 99.0aA 99.0aA 99.0aA
No Rain 99.0aA 99.0aA 99.0aA 2.50b A 100.0a A 99.0aA 99.0aA
Treatment (T) 123.99**
Rainfall (C) 33.85**

TxC 5.63**

CV% 21.90

d.m.s 12.14

Means followed by the same lowercase letters in rows and uppercase in columns do not differ statistically by Tukey test (P < 0.05); '0.5% Dash
added, DAA: Days After Application; R: Roundup; saf.: saflufenacil; **Significant at 1% probability level.
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The control efficiency of B. decumbens plants in the spray
treatments using saflufenacil + glyphosate without a subse-
quent rain simulation corroborates the data of MARTINS
et al. (2012), who observed high control rates of Commelina
benghalensis and Commelina villosa using the saflufenacil + gly-
phosate tank mix with the Roundup Original formulation.

However, the Roundup Transorb R tank mix with saflufena-
cil + Dash still provided an unsatisfactory control of B. decum-
bens plants when rainfall occurred up to 15 min after spray-
ing. However, it was superior to the isolated application of
Roundup Transorb R (Table 3).

We observed, for the tank mix (saflufenacil + dash) and
Roundup WG, that the use of saflufenacil + dash exerted a
synergistic effect on the control of B. decumbens plants when
rains occurred 15 min after spraying this mixture, compared
to the isolated application of Roundup WG. This was because
the control efficiency of B. decumbens plants was decreased
with the occurrence of rains shortly after an isolated spray-
ing of this herbicide (Table 3). SINGH etal. (2011) reported
that the tank mix saflufenacil + glyphosate showed a greater
efficacy in weed control when compared to the isolated spray
of such herbicides.

At 21 DAA (Table 4), we noted that the occurrence of a
15-min rainfall after an isolated spraying of Roundup Transorb
R and Roundup WG reduced the control efficiency of these
herbicides, as well as the saflufenacil + Dash tank mix with
Roundup Transorb R. It is noteworthy that the synergistic effect
of saflufenacil + Dash mixed with Roundup WG was main-
tained when a rain occurred 15 min after spraying (Table 4).

EUBANK et al. (2013) evaluated the effects of the
interaction between glyphosate and saflufenacil and
the absorption and translocation patterns of these her-
bicides applied in isolation and mixed with two glypho-
sate-susceptible and glyphosate-resistant populations of
Conyza canadensis and concluded that the glyphosate
tank mix with saflufenacil, in spite of having reduced
glyphosate translocation in both populations, provided
a satisfactory control, achieving control levels of 100%
at 21 DAA. Such results are similar to those obtained
by YAMAUTT et al. (2010), in which the spray mixture
of glyphosate + (bromacil + diuron) and glyphosate +
diuron were efficient in the control of glyphosate-resis-
tant Buva biotypes.

At the end of the study, at 28 DAA, we observed that
the isolated saflufenacil + Dash spraying, independent of
the rain period analyzed, was not effective in controlling B.
decumbens plants (Table 5). We also verified that the iso-
lated application of Roundup Transorb R (potassium salt)
and Roundup WG (ammonium salt) may not provide an
efficient control of B. decumbens in case rainfalls occur 15
min after spraying (Table 5).

In general, we observed that the use of saflufenacil + Dash
mixed with glyphosate Roundup Transorb R and Roundup
WG formulations increased the control efficiency of these
formulations when rainfall occurs soon after its application.
These results show that saflufenacil has a great potential for
use in tank mixes with glyphosate to improve weed control
levels in agricultural areas.

Table 3. Mean values for percentage of control of Brachiaria decumbens at 14 DAA obtained by the unfolding of degrees of freedom
of the interaction between herbicides and periods without rain after the application of herbicides.

15 min 100.0a A 725bB 100.0a A 0.00d A 100.0a A 1.3dB 37.5cB
30 min 100.0a A 91.3aAB 100.0a A 0.00b A 100.0a A 875aA 81.3aA
1 hour 100.0a A 93.3aAB 100.0a A 0.00b A 100.0a A 93.8aA 93.8aA
2 hours 100.0a A 94.5 a AB 100.0a A 0.00b A 100.0aA 100.0aA 100.0aA
4 hours 100.0a A 98.8a A 100.0a A 0.00b A 100.0a A 100.0a A 100.0a A
6 hours 100.0a A 100.0a A 100.0a A 0.00b A 100.0a A 100.0aA 100.0aA
No Rain 100.0a A 100.0a A 100.0a A 0.00b A 100.0a A 100.0a A 100.0a A
Treatment (T) 310.99**
Rainfall (C) 23.12**

TxC 7.30**

CV% 13.46

d.m.s 8.65

Means followed by the same lowercase letters in rows and uppercase in columns do not differ statistically by Tukey test (P < 0.05); '0.5% Dash
added, DAA: Days After Application; R: Roundup; saf.: saflufenacil; **Significant at 1% probability level.
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Table 4. Mean values for percentage of control of Brachiaria decumbens at 21 DAA obtained by the unfolding of degrees of freedom
of the interaction between herbicides and periods without rain after the application of herbicides.

15 min 100.0a A 79.8bB 100.0a A 0.00cA 100.0a A 50cB 66.8bB
30 min 100.0a A 95.0a AB 100.0a A 0.00b A 100.0a A 90.0a A 86.3aA
1 hour 100.0a A 97.8 a AB 100.0a A 0.00b A 100.0a A 99.5aA 99.3aA
2 hours 100.0a A 97.3 aAB 100.0a A 0.00b A 100.0a A 100.0a A 100.0a A
4 hours 100.0a A 100.0a A 100.0a A 0.00b A 1000aA 100.0aA 100.0aA
6 hours 100.0a A 100.0a A 100.0a A 0.00b A 100.0a A 100.0a A 100.0a A
No Rain 100.0a A 100.0a A 100.0a A 0.00b A 100.0a A 100.0a A 100.0a A
Treatment (T) 493.56**
Rainfall (C) 22.79**

TxC 9.16**

CV% 10.62

d.m.s 6.95

Means followed by the same lowercase letters in rows and uppercase in columns do not differ statistically by Tukey test (P < 0.05); '0.5% Dash
added, DAA: Days After Application; R: Roundup; saf.: saflufenacil; **Significant at 1% probability level.

Table 5. Mean values for percentage of control of Brachiaria decumbens at 28 DAA obtained by the unfolding of degrees of freedom
of the interaction between herbicides and periods without rain after the application of herbicides.

15 min 100.0a A 875bB 100.0a A 0.00d A 100.0a A 225cB 87.5bB
30 min 100.0a A 100.0a A 100.0a A 0.00b A 100.0a A 99.8aA 99.8aA
1 hour 100.0a A 100.0a A 100.0a A 0.00b A 100.0a A 100.0a A 99.8aA
2 hours 100.0a A 100.0a A 100.0a A 0.00b A 100.0a A 100.0a A 100.0a A
4 hours 100.0a A 100.0a A 100.0a A 0.00b A 1000aA 100.0aA 100.0aA
6 hours 100.0a A 100.0a A 100.0a A 0.00b A 100.0a A 100.0a A 100.0a A
No Rain 100.0a A 100.0a A 100.0a A 0.00b A 100.0a A 100.0a A 100.0a A
Treatment (T) 2,599.04**
Rainfall (C) 57.77**

TxC 30.95**

CV% 4.60

d.m.s 3.07

Means followed by the same lowercase letters in rows and uppercase in columns do not differ statistically by Tukey test (P < 0.05); '0.5% Dash
added, DAA: Days After Application; R: Roundup; saf.: saflufenacil; **Significant at 1% probability level.
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CONCLUSIONS

The mixture of saflufenacil + Dash with original Roundup,
Roundup Transorb R and Roundup WG formulations
increased the control speed of Brachiaria decumbens plants
regardless of the rain periods studied. Formulations of gly-
phosate (Roundup Transorb R and Roundup WG) applied
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