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ABSTRACT

Quizalofop-p-ethyl is used in Provisia™ rice for selecive
grass weed control. In southern Brazil, other weeds occur,
and an herbicide tank mix is needed to achieve a broad
spectrum. This study aimed to evaluate the interaction of
quizalofop-p-ethyl with other herbicides used to control
the main paddy rice weeds occurring in Southern Brazil.
Two greenhouse experiments were performed using
Aeschynomene denticulata Rudd (jointvetches), Cyperus
iria L. (rice flatsedge), Echinochloa crus-galli L. (barnyard
grass), and Oryza spp. (weedy rice). The factorial arrange-
ment to each species comprises: Factor A) Doses of quiza-
lo-fop-p-ethyl (g ha): 0, 120, and 120 plus 120 (applied
14 days after the initial treatment - DAIT); Factor B) Tank
mix partner: bentazon (960 g ha'!), florpyrauxifen-benzyl
(30 g ha'), quinclorac (375 g ha'), saflufenacil (30 g ha),
and control. At 42 DAIT, control and shoot dry weight
(SDW) were evaluated. Colby’s method compared treat-
ments using Tukey’s HSD and tank mix. No herbicide
tank mix reduced or increased the variables evaluated
compared to the herbicides applied alone, suggesting a
neutral effect. Between the mixtures, in terms of spectrum
of weed control, quizalofop-p-ethyl plus florpyrauxi-
fen-benzyl was the best treatment, providing effective

control or SDW reduction (> 90%) in all tested species.

Keywords: bentazone, quinclorac, Provisia™, saflufena-

cil, tank mix.
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INTRODUCTION

The weedy rice (Oryza spp.)" is one of the most trou-
blesome and persistent weed in directed-seeded paddy rice
in America, Asia, and Europe.®* Due to the weedy rice
is conspecific with cultivated rice (Oryza sativa L.)?, the
selective control of this weed only became possible with
the release of imidazolinone (IMI)-resistant rice (in the
early 2000s), known as the Clearfield® production system
for rice.® However, with the evolution of IMI-resistant
weedy rice, this system became inefficient in weedy rice
management.®) Recently, Provisia™ rice system was com-
mercialized as an alternative and complement to rice fields
that use Clearfield® rice.®

Provisia™ rice was developed through a mutation in
the gene coding for the enzyme acetyl-CoA carboxylase
(ACCase), which confers resistance to quizalofop-p-ethyl
(QPE) — an ACCase-inhibiting herbicide belonging to the
aryloxyphenoxypropionate group.”® The ACCase-in-
hibiting herbicides are used only against grass weeds.?
Indeed, using QPE in Provisia™ rice allows the efficient
and selective post-emergence control of IMI-resistant and
-susceptible weedy rice and other grasses in paddy rice,
such as Echinochloa spp..°'V

In Southern Brazil, an important producing region, oth-
er weed species belonging to the Fabaceae (4deschynome
spp.) and Cyperaceae (Cyperus spp.) families occur —
threatening the rice grain yield potential.'? In Cyperus
spp. QPE is not effective', and due to the evolution of
resistance to ALS-inhibiting herbicides'?, the alternative
has been with bentazon — a Photosystem II (PSII)-inhibit-
ing herbicide.""” Due to the inefficiency of ACCase-inhib-
iting herbicides in controlling eudicotyledonae species, an
alternative is synthetic auxins."'® Thus, an herbicide tank
mix is necessary.?

Herbicide tank mix with different mechanisms of action
is vital for rice production, providing a broad spectrum of
weed control.") However, the tank mix can present three
response patterns: neutral, synergistic, or antagonistic.”
Additive or neutral responses occur when the weed control
of the herbicide mixture is not different from the expected
control of the herbicides applied alone. On the other hand,
when the tank mix results in an increase or decrease in
weed control, synergism or antagonism occurs respective-
ly.1® The mixture of QPE plus some synthetic auxins may
result in an antagonistic response in weedy rice and Echi-

nochloa spp. control.!''® The same response pattern was

observed with PSII-inhibiting herbicides as the propanil.!'®
Thus, selecting a tank mix partner is crucial to avoid
chemical management failures.

An alternative to control broadleaf weeds can be sa-
flufenacil, a Protoporphyrinogen IX oxidase (PPO)-inhibit-
ing herbicide selective to rice crops.®” Florpyrauxifen-ben-
zyl, a synthetic auxin, which is used in the post-emergence
of mono and broadleaf weeds,?'?? constitutes another
alternative due to no antagonistic effects were shown
when in a tank mix with herbicides usually used on rice.?
Furthermore, some strategies, such as the sequential appli-
cation of QPE, recommended in Provisia™ rice for grass
control,"® ensure weedy rice and Echinochloa spp. control
after application (tank mix), i.e., shown additive or neutral
response.'?

Given the history of antagonism of ACCase-inhibiting
herbicides in tank mix,'*!"1¢19) it is important to evaluate
interactions of QPE with other herbicides used in paddy
rice. This information can contribute to weed management
strategies in areas that adopt the Provisia™ rice system.
This study aimed to evaluate the interaction of QPE with
other herbicides used to control the main paddy rice weeds

occurring in Southern Brazil.
MATERIALS AND METHODS

Location and Characterization of the Experiment

Seedlings of Aeschynomene denticulata Rudd (AESDE
— jointvetches), Cyperus iria L. (CYPIR — rice flatsedge),
Echinochloa crus-galli (L.) P. Beauv. (ECHCR — barnyard
grass), and Oryza spp. (WR — weedy rice), were used. The
seedlings used were from the seedbank belonging to the
Weed Science Research Group (CEHERB — UFPel).
(31°48°04.2”’S,
52°24°40.8”W) were performed in a completely ran-

Two  greenhouse  experiments
domized design with four repetitions. The treatments
to each weed species comprised a two-factor scheme
(3 x 5, totaling 15 treatments): A) Doses of quizalo-
fop-p-ethyl (g ha'): 0, 120, and 120 plus 120 (applied
14 days after the initial treatment - DAIT); and B)
Tank mix partner: bentazon (960 g ai ha'! — Basagran®,
600 g ai L', CS), florpyrauxifen-benzyl (30 g ai ha! - Loy-
ant®, 25 g ai L', EC), quinclorac (375 g ai ha! — Facet®,
500 g ai kg', WP), saflufenacil (30 g ai ha' - Heat®,
700 g ai kg, WP), and control (without tank mix). Applica-
tion of tank mix partner herbicides ocurred only in the first

application of quizalofop. The second application, for the
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treatments that had received, were only with quizalofop.
Any treatments with quizalofop contained adjuvant at 1% v
v (Assist®, 756 g L', EC). When applied alone, bentazon,
quinclorac, and saflufenacil contained the same adjuvant
at 0.5% v v

In October 2021, the weed species seeds were sown in
0.7 L plastic pots containing commercial substrate. When
the seedlings were at the one-leaf, they were thinned, keep-
ing one plant per pot. When the plants reached 3-4 leaves,
the treatments were applied with a CO, pressurized sprayer
equipped with flat fan nozzles (XR 110.015 model, 0.5 m
apart). The application was performed at 250 kPa working
pressure, delivering 150 L ha! of carrier volume. Nozzles
were positioned at 0.5 m from the top of the leaves. Pots
were watered daily. Two days after the chemical treatment,
a 3 cm permanent flood was established. The pots were
drained one day before the second application, and the
flood was restored two days later. In November 2022, the
experiment was repeated, following the same factorial
scheme and procedures. During the applications, the en-
vironmental conditions were monitored (digital Kestrel®
4500 Weather Meter), and the treatments occurred with
temperatures between 20-25 °C, relative humidity between
68-75%, and wind speed between 3.6 and 5.1 Km ha'.

At 28 (data not shown) and 42 days after the initial
quizalofop treatment, a visual evaluation was performed!®
based on a percentage scale, where 0% indicated no control
and 100 % denoted total plant death. The remaining plants
were cut close to the ground and placed in a forced-air oven
at 60 °C until they reached a constant weight — to determine
the shoot dry weight (SDW).

Data analysis

Visual estimates of control and SDW (% relative to the
nontreated control) for each weed were analyzed using the
R program.®¥ The variance homogeneity and normally
distributed measurement errors were evaluated by the
distribution of residuals against the fitted value and normal
g-q plot, illustrating whether the residuals were normally
distributed, respectively. The data were transformed
(yt= \/(y + 0.5)) to normalize their distribution. They were
submitted to multi-factor ANOVA (p < 0.05) to distinguish
treatments and years using aov and summary functions.®
Each tank mix partner was also evaluated within each
quizalofop dose. Data were combined over the years, as no
significant treatment-by-year interaction existed. When the

treatments were significant, the means were separated us-
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ing Tukey’s Honestly Significant Difference test (Tukey’s
HSD; a=0.05).

The control (%) and SDW reduction (% relative to the
nontreated control) were submitted to the Colby equation
to evaluate the tank mix interactions (Equation 1). The
Mann-Whitney U Test was used to compare the values of
the expected response of the tank mix with the observed
response of the herbicide applied alone (p < 0.05). Tank
mixes were considered antagonistic when the observed
value was significantly lower than the expected value,
additive if there was no difference between the values,
and synergistic if the observed value was higher than the

predicted value.!”

E=(A+B)-(AxB)/100 (Equation 1)
where E is the expected value for the herbicide mixture,
with A and B being the observed value for each herbicide

applied alone.

RESULTS AND DISCUSSION
For both control and SDW reduction, Colby’s method

showed that no herbicide tank mix reduced or increased
the variables evaluated compared to the herbicides applied
alone — showing a neutral response pattern (Tables 1
and 2). Regarding the different chemical treatments, for
AESDE, florpyrauxifen-benzyl or saflufenacil applied
alone or in a tank mix with QPE were effective, that is,
control or reduction of MSPA > 90%® (Figures 1A and
2A). For CYPIR, bentazon and florpirauxifen alone or
mixed with QPE were effective (Figures 1B and 2B). For
ECHCR, florpiraxifen-benzyl, quinclorac, or QPE alone
or in a tank mix were effective (Figures 1C and 2C). For
weedy rice, QPE alone or in a mixture with all other her-
bicides was effective (Figures 1D and 2D). The tank mix
of QPE plus florpirauxifen was highlighted in the effective
control of all species evaluated.

The use of quizalofop-p-ethyl in Provisia™ rice allows
efficient and selective post-emergence control of weedy
rice and other grasses, such as Echinochloa spp. at the 2—3-
leaf stage.®'" The results of this study confirm the high
efficiency of QPE in controlling these species. However,
when QPE was applied alone, as expected due to its lack
of activity on sedges and eudicotyledonae species,!31629
it was not efficient in controlling AESDE and CYPIR,
requiring herbicide tank mix.

In the present study, bentazon efficiently controlled
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CYPIR, with results like those of Chiapinotto and the
collaborators.!® It did not affect the weed control when
applied in a mixture with QPE. A neutral response pattern
was also reported in the control of weedy rice and Echi-
nochloa spp. with QPE plus bentazon tank mix.!® Certain
PSII-inhibiting herbicides, which bind to the plastoquinone
B (QB) binding site of the DI protein and interrupt the
photosynthetic transport of electrons from QA to QB,?”
such as propanil, can interact with esterases found in the

apoplast — affecting the conversion of ACCase inhibitor
herbicides to the acidic form and reducing control of the
target weed.®® Bentazon, on the other hand, can reduce the
activity of plasma membrane ATPases and reduce weed
control,®” explaining the antagonism observed in the mix-
ture with sethoxydim. However, the pattern of antagonistic
response to the tank mix depends on the weed evaluated.'”

Synthetic auxins are used as herbicides, mainly in

managing broadleaves weeds.!® However, as an inducer of

Table 1. Control (% of nontreated control) on the weed (AESDE = Aeschynomene denticulata, CYPYR = Cyperus iria, ECHCR =
Echinochloa crus-galli, and WR = Oryza spp. — weedy rice) as affected by tank mix of quizalofop-p-ethyl with herbicides used in paddy

rice at 42 days after initial treatment

Quizalofop-p-ethyl (g ai ha™)

AESDE

0 120 120; 120
Tank mix gaiha’' Observed! Observed Expected p-value? Observed Expected p-value?
None - 0.00 0.00 0.00 - 4.25 0.00 -
Bentazon 960 3.87 4.37 3.87 0.83 7.75 7.95 0.94
)F( ilgfira“' 20 98.75 98.75 98.75 1.00 98.75 98.80 1.00
Quinclorac 375 84.37 88.75 84.37 0.07 87.50 85.03 0.52
Saflufenacil 30 98.87 98.75 98.87 1.00 98.75 98.92 0.72
CYPIR Quizalofop-p-ethyl (g ai ha')

0 120 120; 120
Tank mix gadiha' Observed! Observed Expected p-value? Observed Expected p-value?
None - 0.00 0.00 - - 0.00 - -
Bentazon 960 98.75 98.50 98.75 1.00 98.75 98.75 1.00
iilgrlfim“' 20 90.25 90.00 90.25 0.94 93.87 90.25 0.14
Quinclorac 375 1.25 1.00 1.25 0.35 1.50 1.25 0.83
Saflufenacil 30 2.75 2.37 2.75 0.52 3.12 2.75 0.83
ECHCR Quizalofop-p-ethyl (g ai ha')

0 120 120; 120
Tank mix ga.iha' Observed! Observed Expected p-value? Observed Expected p-value?
None - 0.00 99.25 - - 99.12 - -
Bentazon 960 21.87 98.75 99.41 0.28 98.62 99.31 0.28
Eil;’:rau' 20 95.37 97.12 99.96 029 99.00 99.96 0.29
Quinclorac 375 99.00 98.62 99.99 0.26 98.87 99.99 0.71
Saflufenacil 30 28.12 99.00 99.46 0.43 99.00 99.36 0.35
WR Quizalofop-p-ethyl (g ai ha™)

0 120 120; 120
Tank mix gadha' Observed! Observed Expected p-value? Observed Expected p-value?
None - 0.00 98.50 - - 98.62 - -
Bentazon 960 1.25 97.62 98.52 0.72 98.87 98.64 0.94
)Fdlglfira“' 20 175 98.37 98.52 0.72 98.75 98.64 0.82
Quinclorac 375 0.75 98.62 98.51 0.94 99.00 98.63 0.43
Saflufenacil 30 0.75 97.50 98.51 0.71 98.62 98.63 0.52

! Values observed and expected, according with the Colby method, in order to estimate the putative joint action of mixtures (expected = observed,
additivity; expected > observed, antagonism; expected < observed, synergism). ? p-value > 0.05 denotes no difference between the observed and

expected values, i.e., additive or neutral response pattern.
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P450s, 2,4-dichlorophenoxyacetic acid (2,4-D) promotes
the transformation of acidic FOPs into non-toxic polar
metabolites in pretreated plants compared to untreated
plants, which reduces the efficacy of ACCase herbicides.?
Quinclorac, which also controls grasses,®" is related to
increased transcription of P450s enzymes.®? Thus, when
in a tank mix with QPE, it can result in reduced control of
ECHCR"Y and weedy rice!'® or present a neutral response

pattern.(-19

In the present study, QPE plus quinclorac efficiently
controlled ECHCR and weedy rice, presenting a neutral
response pattern and broadening the control spectrum.
The divergent results mentioned above may be related to
intraspecific variations in £. crus-galli that confer different
levels of herbicide susceptibility.®® The same occurs with
weedy rice, where this mixture can reduce!'® or not affectV
control. Therefore, caution should be exercised when using

this herbicide tank mix.

Table 2. Dry wight reduction (% of nontreated control) on the weed shoot (AESDE = Aeschynomene denticulata, CYPYR = Cyperus
iria, ECHCR = Echinochloa crus-galli, and WR = Oryza spp. — weedy rice) as affected by tank mix of quizalofop-p-ethyl with

herbicides used in paddy rice at 42 days after initial treatment

Quizalofop-p-ethyl (g ai ha)

AESDE

0 120 120; 120
Tank mix ga.iha’ Observed' Observed Expected p-value? Observed Expected p-value?
None - 0.00 0.00 - - 0.00 -
Bentazon 960 3.67 2.99 3.67 0.84 2.76 3.67 1.00
Florpirauxifen 20 97.25 97.63 97.25 0.38 97.89 97.25 0.11
Quinclorac 375 79.15 78.24 79.15 0.74 83.08 79.15 0.19
Saflufenacil 30 96.37 97.59 96.37 0.19 97.65 96.37 0.19
CYPIR Quizalofop-p-ethyl (g ai ha)

0 120 120; 120
Tank mix gadiha' Observed' Observed Expected p-value? Observed Expected p-value?
None - 0.00 0.00 - 0.00 - -
Bentazon 960 98.94 99.13 98.94 0.61 98.95 98.94 1.00
Florpirauxifen 20 90.07 90.97 90.07 0.46 91.66 90.07 0.38
Quinclorac 375 3.53 3.12 3.53 0.94 3.59 3.53 0.74
Saflufenacil 30 8.91 12.10 8.91 0.54 12.62 8.91 0.38
ECHCR Quizalofop-p-ethyl (g ai ha™')

0 120 120; 120
Tank mix ga.iha' Observed! Observed Expected p-value? Observed Expected p-value?
None - 0.00 97.49 - 97.96 - -
Bentazon 960 6.43 97.64 97.65 1.00 97.80 98.09 0.46
Florpirauxifen 20 95.98 97.56 99.89 0.71 98.61 99.91 0.28
Quinclorac 375 97.37 98.20 99.93 0.29 98.55 99.95 0.29
Saflufenacil 30 18.65 97.54 97.95 0.46 97.72 98.34 0.11

Quizalofop-p-ethyl (g ai ha')

WR

0 120 120; 120
Tank mix ga.iha'! Observed! Observed Expected p-value? Observed Expected p-value?
None - 0.00 92.45 - 94.78 - -
Bentazon 960 0.88 93.18 92.52 0.38 95.24 94.82 0.54
Florpirauxifen 20 3.82 92.89 92.73 0.94 95.53 94.98 0.74
Quinclorac 375 5.14 94.42 92.84 0.10 94.94 95.05 0.84
Saflufenacil 30 0.00 92.45 92.45 0.94 94.36 94.78 0.64

! Values observed and expected, according with the Colby method, in order to estimate the putative joint action of mixtures (expected = observed,
additivity; expected < observed, antagonism; expected > observed, synergism). > p-value > 0.05 denotes no difference between the observed and

expected values, i.e., additive or neutral response pattern.
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Figure 1. Control (% of nontreated control) on the weed (AESDE = Aeschynomene denticulata, CYPYR = Cyperus iria, ECHCR =
Echinochloa crus-galli, and WR = Oryza spp. — weedy rice) as affected by quizalofop-p-ethyl (QPE), applied alone or in tank mix with

herbicides used in paddy rice, at 42 days after initial treatment. Means values with uppercase compare the treatments and lowercase
compare tank mix partner within each QPE dose. Treatment means, followed by different letters, differ from each other by Tukey’s

HSD test (a=0.05).

It is also known that quinclorac is effective in con-
trolling Aeschynomene spp..®¥ The genus Aeschynome, a
word that in Greek means “shy” or “ashamed,” includes
plants that are sensitive to touch, and the leaves can close
in certain situations,®> which can reduce foliar absorp-

tion. Quinclorac has greater absorption by plant roots.G®

However, herbicide adsorption increases with increased
cation exchange capacity (CEC), making the molecule
less bioavailable.®? Therefore, a commercial substrate
with high CEC may have reduced the herbicide efficiency,
justifying control below 90% in AESDE.

Florpirauxifen-benzyl, a new auxin-type herbicide,®
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is used to control mono- (including Cyperus spp.) and
eudicotyledons weeds.?!?23% No antagonistic effects have
been reported when florpyrauxifen is tank mixed with
herbicides used on rice (either contact or systemic).?®
The results of this study corroborate those mentioned pre-
viously, indicating that QPE plus florpyrauxifen efficient-
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ly controlled all weed species evaluated. Florpirauxifen
is selective to rice.®? However, herbicide tank mix can
reduce the grain yield of rice crops, requiring field studies
to assess selectivity.*”? Furthermore, continuous use of
florpyrauxifen can select herbicide-resistant weeds and
should be avoided.®4?
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Figure 2. Shoot dry weight reduction (% of nontreated control) on the weed (AESDE = Aeschynomene denticulata, CYPYR = Cyperus
iria, ECHCR = Echinochloa crus-galli, and WR = Oryza spp. — weedy rice) as affected by quizalofop-p-ethyl (QPE), applied alone or
in tank mix with herbicides used in paddy rice, at 42 days after initial treatment. Means values with uppercase compare the treatments
and lowercase compare tank mix partner within each QPE dose. Treatment means, followed by different letters, differ from each other

by Tukey’s HSD test (a=0.05).
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The combination of ACCase and PPO inhibitor her-
bicides for activity on grasses has often been reported as
antagonistic.!'® Most foliar herbicides must be retained and
deposited on the surface of the target weed plant, penetrate
the cell, and reach the target site in sufficient quantities —
where they bind and result in plant death.“® Due to reduced
translocation, contact herbicides can inhibit the effective-
ness of systemic herbicides.“*¥

PPO inhibitor herbicides are considered contact, have
rapid foliar activity, and have a restricted spectrum of
control for broadleaf weeds.“Y However, saflufenacil is
absorbed by the roots and shoots. Due to its weak acidity,
this herbicide is distributed systemically inside the plant
through acropetal and basipetal movement.“9 A neutral
control pattern with QPE plus saflufenacil, like that found
in this study, was reported in the control of weedy rice and
Echinochloa spp..!"” Similar results were obtained with
saflufenacil and imazapyr + imazapic.“”

Tank mixing herbicides can present different responses
in controlling weeds, making evaluating the effects on
target weeds crucial. The results of this study suggest
that bentazon, florpirauxifen-benzil, quinclorac, and sa-
flufenacil have potential use with QPE in Provisia™ rice,
increasing the control spectrum of the main paddy rice
weeds occurring in southern Brazil. However, field studies
are recommended to evaluate the selectivity of mixtures on

paddy rice conditions and grain yield.

CONCLUSION

This study evaluated the effectiveness of chemical weed
management in paddy rice using herbicide tank mixtures
to broaden the control spectrum, especially when using
new ACCase-resistant rice technologies. The tank mix of
quizalofop plus florpyrauxifen-benzyl can potentially con-
trol the main paddy rice weeds in southern Brazil. Howev-
er, field studies are recommended to evaluate the selectivity
of mixtures on paddy rice conditions and grain yield. The
results demonstrated potential for use in Provisia™ rice

system.
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