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Abstract

The weed resistance to herbicides has generated the need to adopt different management
strategies, listing the tank mixture applications and use of herbicides in different modalities. In this
context, it is essential to evaluate the selectivity of these herbicides associations for the crop in
which the positioning is performed, as well as the effect of the residual activity of these affecting
the crop sown in succession. The objective of this study was to evaluate the control efficacy
and selectivity of herbicides applied in pre and post-emergence in soybeans, and the effect of
the residual activity of these products on corn cultivated in succession. Two experiments were
conducted in field condifions, one for evaluating the effectiveness of the herbicides associations
on weed conftrol in soybeans and another to check the selectivity of these for soybeans and
the carryover effect for corn cultivated in succession. The experimental design used in both
experiments was the completely randomized blocks evaluating nine treatments. All freatments
presented efficacy in the conftrol of B. pilosa, D. horizontalis, and C. echinatus. Reductions in
soybean yields were observed with the application of diclosulam (25.2 g ha'') in pre or post-
emergence. The association among glyphosate + ftrifluralin + cloransulam (720 + 1350 + 33,6 g
ha') caused reductions in soybean yield. None of the treatments used in soybeans affected the
corn yield grown in succession.
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Introduction resistant weeds to other action mechanisms

The cases of herbicide-resistant weed (Menegatti e Barros, 2007). With the passing of

biotypes have been aggravating at each year,
consisting in one of the main bottlenecks within
the agricultural Among
the cases of herbicide resistance, those related
to glyphosate have been causing the greater

production systems.

concerns for the professionals involved with
agriculture (Moreira et al., 2010).

The benefits originated from RR® soybean
are undeniable, being possible fo observe,
among the advantages of the cultivation of
these varieties, the possibility of the glyphosate
utilization, which possess a broad action spectrum
and low residual activity, beside the confrol of

years, some of the initially previewed benefits
have not been proven, such as the dispensability
of herbicide utilization in pre-emergence (Matsuo
et al., 2009). The non-utilization of herbicides
in pre-emergence and the intense glyphosate
application did contribute fo the higher selective
pressure of weeds which are resistant to this active
ingredient. (Vencill et al., 2012).

Among the strategies which might be
utilized aiming the reduction in the selective
pressure of resistant weeds, stand out the
application of herbicides in associations and the

utilization of the active ingredient in a different
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application modality from which it is fraditionally
positioned. The association within herbicides
with different action mechanisms occasions
the increase in the control spectrum of the
infesting community; this, implicitly, means that
the plant shall need to dispose of a higher setf
of mechanisms, aiming the survival of the action
provoked by the applied products (Jhala et al.,
2013).

The utilization of the herbicide in a new
modality of application furns possible for it to
act in the control of the infesting community in
different ways; for example, the imazethapyr is
fraditionally utilized in soybean pre-emergence,
aiding in the control of the already emerged
weeds, however, when applied in the pre-
emergence of the crop, it presents an excellent
residual for the confrol of some weeds which
compose the soil seed bank (Walsh et al., 2015).

By opting for the application of
associations or for the utilization of herbicides
in new modadalities, it is fundamental to proceed
stfudies aiming to evaluate the selectivity of these
freatments for the crop which is infended to be
positioned. In the cases in which the selectivity
gaugingis not performed, itis common to observe
damages fo the crop development (Fornazza,
2016). Another problematic related to this type
of positioning is specially observed in regions in
which systems of crop rotation are implanted,
where the residual activity of a product presents
the risk of affecting the development of the crop
sown in succession (Santos et al., 2012; Gheno et
al., 2015).
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The aim of this work was then fo evaluate
the efficacy in the confrol of weeds and the
selectivity of herbicides applied in pre and post-
emergence of RR® soybean, besides the effect
of residual activity of these over corn cultivated
in succession.

Material and Methods

Two experiments were conducted
in a property located in the municipality of
Mandaguacu (PR), with the first experiment in
the period from October 14, 2014 to March 4,
2015, and the second experiment from October
14, 2014 to July 23, 2015. The experiment 1 was
specifically conducted to evaluate the efficacy
of the management systems on the weed confrol
in RR® soybean, while the Experiment 2 evaluated
the selectivity of these for the soybean and the
carryover effect for corn cultivated in succession.
The E1 was installed under the coordinates:
23°14'20.76"S and 52°00'21.41"W, at 466 meters
of altitude, and the E2 under the coordinates
23°14'22.73"S e 52°00'24.19"0, at 466 meters of
altitude.

The predominant
municipality where the experiments
conducted, according to Képpen classification,
is of the Cfa type — humid mesothermic, with
hot summers and scarce frosts, tendency of rain
concenfration in the summer months, without

climate in the
were

a defined dry season. The averages of the hot
months are superior to 22°C, and in the colder
months, inferior to 13°C. The precipitation
data observed during the conduction of the
experiments are found in Figure 1.

M\A

0 4 « 5 %
10/01/2014 11/01/2014 12/01/2014 01/01/2015 02/01/2015 03/01/2015 04/01/2015 05/01/2015 06/01/2015 07/01/2015
Figure 1. Pluvial precipitation data (mm) during the period of the experiments conduction.

Mandaguagu (PR), 2014/2015
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The soil of the experimental
presented a pHin CaCl, of 5,6; 3,1 cmol_dm=of H*
+Al%; 3,5 cmol_dm? of Ca*?; 1 cmol_dm? of Mg*%;
0,35 cmol_dm?ofK*; 19 mgdm=ofP; 2,9 g dm? of
M.O.; 640 gkg' of clay 141 gkg™' of silt, 219 g kg™ of
sand. The area in question lied uncultivated, and
no species had been cultivated in the last three
months. The desiccation preceding the sowing
of the soybean crop was performed on October
14, 2014, through application of the triple mixture
of glyphosate + 2,4-D amine + chlorimuron-ethyl
(2160 + 670 + 25 g e.a. oui.a. ha').

Either for the soybean as for the corn,

area

the cultural practices were performed according
with the recommended, proceeding fo the
insect (pests) and disease control, not allowing
these to influence the development of the crops.

Confrol efficacy (E1)

The Utilized experimental design was
in randomized blocks, with 9 freatments and
four repetitions (Table 1). The parcels presented
dimensions of 5 m of length and 4,5 m of width
(22,5 m?), considering as useful area for the
evaluations the central part of the parcels,
except for 0,5 m of each extremity.

Table 1. Relation of the management systems of the herbicides and respective dosages evaluated in the

Experiments 1 and 2. Mandaguagu (PR), 2014/2015

Application Al D(;Sﬁg_ﬁs Application B% E?gsggﬁs

1. Paraquat+trifluralintimazaquim 400+1350+161 glyphosate 7203

2. Paraquat+trifluralintimazethapyr 400+1350+100 glyphosate 720

3. Paraquat+trifluralin+diclosulam 400+450+25,2 glyphosate 720

4. Paraquat 400 glyphosate+trifluralin+imazagquim 720+1350+161
5. Paraquat 400 glyphosate+trifluralin+imazethapyr 720+1350+100
6. Paraquat 400 glyphosate+trifluralin+diclosulam 720+450+25,2
7. Paraquat 400 glyphosate+trifluralin+cloransulam 720+1350+33,6
8. Paraquat 400 glyphosate 720

9. Paraquat 400 No herbicide -

LApplication performed in the day of the crop sowing (soybean pre-emergence); Z2AApplication performed in post-emergence of the crop; ¥The dosages for glyphosate are

expressed in g of the acid equivalent.

The “"A"” application was performed on
November 01, 2014 (08h40min, with duration
of 20 minutes), in conditions of soybean pre-
emergence ("Apply-Plant”).
of this application, the soil was humid, the
temperature and air humidity were 24°C and
68%, respectively, clouded sky and winds of 1,2

In the moment

km h'. The "B” application was performed on
December 02, 2014 (09h20min, with duration
of 30 minutes), in post-emergence of soybean
crop, with the plants in the V3/V4 phenological
stadium. In the moment of application, the soil
was humid, the air temperature was 24°C, the
air relative humidity was 70%, clear sky without
clouds and winds of 2 km h'.

applications (applications “A”
and “B") a CO, based backpack sprayer with
constant pressure was utilized, equipped with
four XR-110.02 sprayer nozzles, spaced 0,5 m

In all

from each other (application strip of 2 m),
under pressure of 38 Ib pol?. These application
conditions proportioned the equivalent to 200 L
ha' of spray.

The crop sowing was performed on
November 1, 2014 (immediately after the end
of the “A" application) utilizihng the Monsoy 6210
IPRO variety, in a no-tillage system. 18 seeds
were distributed per linear meter in a spacing
of 0,45 m between lines. The seeds were treated
with Standak Top, in the dosage of 200 mL ha!
and Masterfix furfous inoculant. By occasion
of the sowing, the fertilization with 300 kg ha
of the formulated 00-20-18 was performed. The
emergence of the soybean seedlings occurred in
November 8, 2014, seven days after sowing.

At 23 days after emergence, the weeds
found in the parcels of the treatment without
the application of herbicides in post-emergence
hairy  beggarticks  (Bidens  pilosa),
Jamaican crabgrass  (Digitaria  horizontalis)
and southern sandbur (Cenchrus echinatus) in
infestation densities of 19, 27 and 21 plants per

were:!

m2, respectively. The weed confrol percentage
was evaluated through visual scale, 0-100%,
where 0% means absence of symptoms, and
100% total death of weeds at 23 (soybean in V3/
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V4), 30 (soybean in R1) and 45 DAE (soybean
in R2). The crop yield was obtained through
mechanized harvesting (WINTERSTEIGER Classic
plot harvester) of seven central lines of the
parcels (March 6, 2015), discarding 0,50 meters
of each exiremity. After the harvest, the humidity
content of the grains was evaluated through a
portable measurer (MiNIGAC model) and the
humidity was corrected to14%.

Selectivity for soybean and carryover for corn in
second harvest (E2)

The Utilized experimental design was
in randomized blocks, with 9 treatments and six
repetitions (Table 1), with the parcels presenting
dimensions of 5mlength and 4,5 mwidth (22,5 m?).
Was considered as useful area for the evaluations
the central part of the parcels, except for 0,5 m
of each extremity. The equipment utilized for the
applications, as well as its adjustments (pressure,
number of nozzles, type of nozzle and application
rate) were the same as those described for the
Experiment 1.

All experimental units were hoed during
the entire soybean development cycle, aiming
to eliminate the effect of weed competition over
the crop yield, leaving the plants exposed only to
the effect of the herbicides.

The “A" application was performed on
November 1, 2014, (08h00min, with duration of 40
minutes), in conditions of pre-emergence of the
soybean crop (“Apply-Plant”). In the moment
of this application, the soil was humid, the air
temperature was 23°C, the air relative humidity
was 70%, clouded sky and winds of 1,2 km h'. The
“B" application was performed on December
2, 2014 (08h40min, with duration of 40 minutes),
in post-emergence of soybean crop, with the
plants in phenological stadium V3/V4. In the
moment of this application, the soil was humid,
the air temperature was 24°C, the air relative
humidity was 75%, clear sky without clouds and
winds of 2,5 km h'.

The crop sowing was performed on
November 01, 2014, utilizihg the Monsoy 6210
IPRO variety, in a no-tillage system. 18 seeds
were distributed per linear meter in a spacing
of 0,45 m between lines. The seeds were freated
with Standak Top, in the dosage of 200 mL ha!

and Masterfix turfous inoculant. By occasion
of the sowing, fertilization with com 300 kg ha
of the formulated 00-20-18 was performed. The
emergence of the soybean seedlings occurred in
November 8, 2014, seven days after sowing.

The phytfointoxication of the crop was
evaluated through the scale proposed by
EWRC (1964), where 1 represents the absence
of symptoms, and 9 represents the total death
of plants, performed at 7 (soybean in V1), 14
(soybean in V2), 30 (soybean in R1) and 45
(soybean in R2) days after soybean emergence
(DAE). Furthermore, percentage evaluations of
the canopy closure of the crop at 30 and 45 DAE
were also performed, as well as the height of the
soybean plants at 45 DAE (sampling performed
in 10 plants per parcel). Lastly, the crop yield
was obtained through mechanized harvesting
(04/03/2015) of seven central lines of the parcels,
discarding 0,50 meters of each exiremity,
proceeding to the humidity correction according
to the same methodology utilized the E1.

The second part of this work consisted in
evaluating the effects of the herbicides applied
on soybean over the development of the corn
cultivated in succession, with the sowing of this
crop being performed in the same experimental
units which were treated with the herbicides on
soybean.

The corn sowing was performed on
March 5, 2015 (124 and 93 days after the
applications of “A” and “B", respectively) utilizing
the simple hybrid 2B710HR (average size and
early cycle), in a no-tillage system. 3 seeds were
distributed per linear meter in a spacing of 0,45
meters between lines. By occasion of the sowing
the fertilization with 400 kg ha' of the formulated
04-14-08 was performed. The emergence of corn
seedlings occurred on March 11, 2015, six days
after sowing. Such as in the selectivity experiment
of soybean herbicides, the experimental units
sown with corn were also hoed during the entire
development cycle of the crop.

The phytointoxication of the crop was
evaluated through the scale proposed by EWRC
(1964), being performed at 7 (corn in V1), 14
(corn in V2), 30 (corn in V4) and 45 (corn in V7)
DAE. Furthermore, height evaluations of the corn
plants were also performed at 30 and 45 DAE
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(sampling performed in 10 plants per parcel) and
stand at 45 DAE, by the counting of the present
plantsin 3 m.

Crop yield was obtained through manual
harvesting (July 23, 2015) of seven central lines
of the parcels, discarding 0,5 meters of each
extremity, proceeding to the humidity correction
according with the same methodology utilized
for the E1.

Statistical analysis

All the data were subjected to variance
and the averages
compared by the Scott-Knott average grouping
test, at 5% probability. Furthermore, for corn yield,
the comparison through average contrast of
each freatment containing soybean herbicide

analysis by the F test,

application (T1 to T8) was performed with the
witness without herbicide application (T9).

Results and Discussion
Control efficacy (E1)

In the evaluation performed at 23 DAE,
the control notes were based on the residual
effect of each freatment over the evaluated
weeds, with these results originated from the
activity imposed by the utilized herbicides in the
applications performed in pre-emergence (“A”
application”). The “B" application was performed
at 23 DAE of the crop after the control evaluation,
and, in this manner, the results of the evaluations
performed at 30 and 45 DAE were influenced by
the two applications, being no long considered
for the control evaluations only the residual

effect, but also the efficacy of the applications
in post-emergence provided by each freatment.

At 23 DAE there were no differences in
the residual control of B. pilosa regarding the
herbicide which was associated to the mixture
of paraquat + trifluralin, demonstrating that any
one of the evaluated ALS inhibitors (imazaquim,
imazethapyr e diclosulam) presented a similar
development in the management of this weed
species (Table 2). In average, these treatments
presented 82% of control at 23 DAE, which might
be considered acceptable in the pre-emergence
control of B. pilosa and similar to results found for
this species by other researchers (Procopio et al.,
2006; Oliveira Neto et al., 2010).

The efficacy presented by
freatments in the pre-emergence control of B.
pilosa is important for agricultural systems which
present biotypes of this species with resistance
to the inhibiting herbicides of the ALS and/
or Photosystem Il (Heap, 2016),
application of these mixtures turns possible the
ufilization of three distinct action mechanisms,

these

seen that the

what implies in the decrease of resistant
individuals. It isimportant to highlight, furthermore,
that in areas with resistant biotypes to the ALS
inhibitors, in order to reach efficacy in the pre-
emergence control of B. pilosa, it is fundamental
to utilize another action mechanism, since it was
already proved that the application modality
(ore or post-emergence) does not affect the
resistance presented by the species (Guerra et

al., 2011; Braz et al., 2014).

Table 2. Confrol percentage of weed species and soybean yield (PROD) after the application of herbicides in pre
and post emergence of the crop. Mandaguacu (PR), 2014/2015

% of control (DAE)

PROD

Treatments B. pilosa D. horizontalis C. echinatus kg ha'
23¥ 30 23¥ 30 23 30

1. PAR+TRI+IMZY/ GLYZ% 838 a 985 a 978 a 100 a 813 a 100 a 42639 a
2. PAR+TRI+IZTY / GLYZ 85 a 988 a 983 a 100 a 835 a 100 a 42972 a
3. PAR+TRI+DICY / GLY% 863 a 988 a 978 a 100 a 83 a 100 a 40333 a
4. PARY / GLY+TRI+IMZ% 0 b 93 b 0 b 918 b 0 b 83 b 40889 a
5. PARY / GLY+TRI+IZT% 0 b 98 a 0 b 913 b 0 b 83 b 41139 a
6. PARL / GLY+TRI+DIC% 0 b 98 a 0 b 925 b 0 b 843 b 38417 a
7. PARY / GLY+TRI+CLR%* 0 b 93 b 0 b 913 b 0 b 83 b 41889 a
8. PARY / GLY% 0 b 943 c 0 b 888 b 0 b 81,8 b 37806 a
9. PAR! / No herbicide 0 b 0 d 0 a 0 c 0 b 0 c 2600 b
F 766,10%  4444,46*  65744,60%  753,29%  4372,17*  1547,69* 6,97*
CV (%) 10,84 1,13 1,17 2,76 4,54 1,98 10,11

GLY = glyphosate; PAR = paraquat; TRI = trifluralin; IMZ = imazaquim: IZT = imazethapyr; DIC = diclosulam; CLR = cloransulam-methyl. LApplication performed in the day of sowing:
2AApplication performed in post-emergence of the crop (V3-V4); 23 DAE = Moment of application “B". Averages followed by different letters on the column do differ within
each other by the Scott-Knott average grouping test at 5% probability.
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For the evaluation control performed
at 30 DAE, excluding the treatment in which
no application post-
emergence of the crop, all the remaining
freatments proportioned safisfactory levels of
B. pilosa control. For the triple mixtures applied
in post-emergence of soybean, slightly inferior
performances (2 to 3%) were observed when
proceeding fo the association of imazaquim or
cloransulam to glyphosate + trifluralin, comparing
to the freatments applied with imzethapyr or
diclosulam.

For the
glyphosate was utilized in post-emergence, the
application benefit of products which present
activity in soybean pre-emergence
might be verified, seen that these treatments
provide a slight increase in the conftrol of B. pilosa

was performed in

freatments in  which only

residual

comparing with the treatment in which isolated
applied in
complemented with glyphosate
post-emergence. The paraquat presents a very
low residual activity on the soil, with its microbial
degradation much faster after the application
(Carr et al., 1985)

At 23 DAE, in all freatments in which the
mixture of herbicides with the paraquat in the
“"A" application was proceeded, the control
levels of D. horizontalis were elevated. The

paraguat  was pre-emergence,

isolated in

efficacy observed in the pre-emergence confrol
of D. horizontalis is likely related to the presence
of ftrifluralin in the composition of the ftriple
association, seen that this herbicide presents
a known suppressive action over Poaceae.
Francischini et al. (2012) reported the efficacy of
isolated ftrifluralin in the pre-emergence confrol
of D. horizontalis when utilized in sunflower
crop, however, in this referred work, the authors
evaluated a higher dosage of the herbicide.

It is worth noting that in the evaluation
performed at 30 DAE, the conftrol levels are
reflection of the herbicides applied in soybean
post-emergence, added of the residual control
provided by fthe substances applied in pre-
emergence of the crop. In this perspective, it
is possible to verify a satisfactory control of D.
horizontalis in all freatments in which herbicide
application in soybean post-emergence were

performed. In this occasion, higher control

levels of this species were obtained with the
combination of herbicides which present residual
activity, applied in soybean pre-emergence,
followed by complementation with isolated
glyphosate in post-emergence.

In the treatments with herbicides which
presented activity, applied in pre-
emergence (T1, T2 e T3), the weed control levels
were elevated since the initial phases of the
soybean development. This fact is very important,
since itis possible to prevent the early interference
of weed species in areas where the infestation
is higher and/or when the weeds emerge too
early. In experiment containing infestation similar
and superior to that found in the area in which

residual

the present work as conducted, the weed
community in coexistence with the crop was
able to affect the yield from 17 and 11 days after
soybean emergence (low and high infestation,
respectively) (Silva et al., 2009).

At 23 DAE of the crop, all tfreatments
which contained herbicides with residual activity
associated with the paraquat presented efficacy
in the pre-emergence control of C. echinatus,
with no differences being observed in the
development of these treatments.

In the evaluation performed at 30 DAE,
all freatments with herbicide applications in
soybean post-emergence presented efficacy
over C. echinatus. Similarly to the observed
for D. horizontalis, higher control levels of C.
echinatus were obtained with the combination
of herbicides which possess residual activity
applied in soybean post-emergence (paraquat
+ ftrifluralin -+ ALS inhibitor), followed by
complementation with isolated glyphosate in
post-emergence. This behavior demonstrates
that in areas with combined infestation of both
species, the ufilization of a same freatment might
provide the efficient control of both Poaceae.

At 45 DAE, all freatments in which
some herbicide was adopted in soybean post-
emergence presented 100% control of the three
evaluated weed species (data not presented).
A fact to be highlighted is that even with no
differences in the control at 45 DAE of none of
the three weed species evaluated in the present
work for the utilization of isolated glyphosate

in post-emergence with other treatments
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containing association of herbicides, for areas
with an elevated number of propagules in the
soil seed bank, the utilization of these associations
becomes important, since it allows a reduction
in the emergence of new flows, seen that these
herbicides present residual activity (trifluralin,
imazaquim,  imazethapyr,
cloransulam-methyl).

All freatments with herbicide application
in post-emergence of the crop presented a
superior yield compared with the treatment
in which no management strategies of the
infesting community were adopted (Table 2).
The reduction in grain yield observed in the
freatment in which herbicides in soybean post-

diclosulam and

emergence were not utilized is related to the
interference of weeds which emerged after the
crop sowing, once that in this treatment (T9)

there was no utilization of products which present
residual effect in the application performed in
pre-emergence.

Selectivity for soybean and carryover for corn in
second harvest (E2)

In Table 3 are presented the soybean
phytointoxication data after the application of
herbicides for weed management. Concerning
symptoms provoked by the herbicides applied in
post-emergence (phytfointoxication evaluations
performed at 7 and 14 DAE), these were verified
only in the treatment containing the diclosulam
in association with paraquat + frifluralin. Such
symptoms were light (Grade 2 in the EWRC scale,
1964) and characterized by the yellowing of the
younger leaves in some plants present in the
experimental units.

Table 3. Phytointoxication evaluation of the crop through the EWRC scale (1964) after the application of herbicides
in pre and post-emergence of RR® soybean. Mandaguacu (PR), 2014/2015

Treatments

Phytointoxication

9. PARL / No herbicide

14 DAE 23 DAE¥ 30 DAE 45 DAE
1. PAR+TRI+IMZ / GLY% 1 1 2 2
2. PAR+TRI+IZTY / GLYZ 1 1 2 2
3. PAR+TRI+DICY / GLY% 2 1,7 2 2
4. PARY / GLY+TRI+IMZ#% 1 1 2.7 2,7
5. PARY / GLY+TRI+IZT 1 1 2,7 2,7
6. PARY / GLY+TRI+DIC% 1 1 3.3 3.2
7.PARY / GLY+TRI+CLR% 1 1 2,8 2,7
8. PAR / GLY% 1 1 2 2

1 1 1 1

GLY = glyphosate; PAR = paraquat; TRI = trifluralin; IMZ = imazaquim; IZT = imazethapyr; DIC = diclosulam; CLR = cloransulam-methyl. LApplication performed in the sowing day;
ZApplication performed in post-emergence of the crop (V3-V4); 23 DAE = Moment of “B" application.

At 30 DAE (7 days after “B" application),
all  herbicides applied in soybean post-
emergence caused injuries to the treated plants,
being the visual symptoms more evident in the
freatments in which the mixture of glyphosate
+ frifluralin + diclosulom was utilized. In a new
evaluation performed at 45 DAE, the symptoms
provoked by the herbicides applied in post-
emergence persisted, without, however, causing
more pronounced injuries.

On Table 3 are presented the results of
different performed evaluations aiming to verify
the influence of the different herbicides over
the RR® soybean crop development. At 30 DAE,
it is possible to verify the lower values for the
percentage of canopy closure in the treatments
in which products in association with glyphosate
were utilized in the “B" application. The remaining

freatments which only received the application
of glyphosate in soybean post-emergence (T1,
T2, T3 and T8) and the parcels without application
(T9). presented similar percentages of canopy
closure of the crop.

In new evaluation performed at 45
DAE, it is possible to observe a negative effect
of the diclosulam (associated with frifluralin and
with paraquat or glyphosate) concerning the
canopy closure in soybean, once that either in
the pre-emergence applications(T3) and in the
post-emergence applications (T6) of the crop,
the presence of this herbicide presented lower
values for this variable. Beside these freatments,
a lower percentage of soybean canopy closure
was observed in the parcels which received
applicationin post-emergence of the triple mixture
of glyphosate, trifluralin and cloransulam-methyl.

Com. Sci., Bom Jesus, v.9, n.3, p.481-491, Jul./Sep. 2018
487



Plant Production and Crop Protection

Table 4. Canopy closure of the crop, plant height and grain yield of soybean after the application of herbicides in
pre and post-emergence of RR® soybean . Mandaguacu (PR), 2014/2015

Treatments % of closure Height (cm) Yield

30 DAEY 45 DAE 45 DAE kg ha!
1. PAR+TRI+IMZY / GLY# 768 a 97.3 a 42,2 a 44889 a
2. PAR+TRIHIZTY / GLY% 78 a 972 a 41,5 a 44574 a
3. PAR+TRI+DICY / GLY# 77,7 a 92,5 b 39,7 a 42778 b
4. PARY / GLY+TRI+IMZ% 71.7 b 9263 a 40 a 4357.4 a
5. PARY / GLY+TRI+IZT% 72,7 b 95 a 392 a 43852 a
6. PARY / GLY+TRI+DIC% 65,5 ¢ 818 ¢ 363 b 4024,1 b
7. PARY / GLY+TRI+CLR% 735 b 9208 b 348 b 42074 b
8. PARL / GLY% 77,5 a 95,7 a 413 a 4474,1 a
9. PARY / No herbicide 792 a 98 a 43 a 45593 a
F 9,90* 43,05* 4,06* 3,13*
CV (%) 4,53 2,02 6,75 5,29

GLY = glyphosate; PAR = paraquat; TRI = trifluralin; IMZ = imazaquim; IZT = imazethapyr; DIC = diclosulam; CLR = cloransulam-methyl. LApplication performed on the sowing

day; ZApplication performed in post-emergence of the crop (V3-V4); ¥Corresponds to the period of 7 days after the “B" application. Averages followed by different letters
on the column do differ within each other, by the Scott-Knott averages grouping test at 5% probability.

The observed results for the evaluations of
canopy closure percentage of the crop presented
a positive relation with the phytointoxication
notes, seen that in the freatments where more
elevated injuries were observed in soybean
plants, higher reductions were also verified in the
canopy closure percentage of the crop.

The treatments 6 e 7, respectively
composed by the application post-
emergence of the mixture between glyphosate +
trifluralin + diclosulam and glyphosate + frifluralin
+ cloransulam-methyl, were the only which
interfered in the soybean growth rate, observing
plants with lower stafures in these treatments,
compared with the remaining
In a certain way, the observed results for the
height of soybean plants follow the tendency
of the canopy closure and phytointoxication
evaluations, observing greater damages to the
crop with the utilization of the Treatments 6 and 7.

The negatively
affected the soybean yield were those which
received application of diclosulam (associated
with trifluralin and paraquat or glyphosate), not
matterring if this treatment was utilized in pre
(T3) or post-emergence (T6) of the crop (Table
4). Beside these treatments, a teduction in grain
yield was verified when applying the triple mixture

in

freatments.

freatments  which

of glyphosate, trifluralin and cloransulam in post
emergence of RR® soybean . The yield reductions
in soybean grains observed in Treatments 3,
6 and 7 compared to Treatment 9 (without
residual in pre-emergence and without herbicide
application in post-emergence) were of 6,17,
11,73 and 7,71%, respectively.

Despite diclosulam and frifluralin present
register for utilization in soybean pre-emergence,
reductions in the yield of this crop with the
application of these herbicides (in this modality)
were already reported (Biffe, 2012; Fornazza,
2016), demonstrating that soybean might have
its tolerance to these products affected by the
cultivation conditions (soil texture, compaction,
climate) or yet, by varietal differences.

Excluding ftrifluralin,  the
residual herbicides evaluated in the present work
did not present register for being utilized in the
corn crop. The elevated persistence that some
of these herbicides possess might affect the corn

remaining

development when sown in succession, once
that, in the literature, negative effects for this crop
were already reported in function of herbicides
persistence appliedin different cultivated species
(Mancuso et al., 2011; Gheno et al., 2016).

the phytfointoxication
performed, injury  symptoms
caused by the herbicides to the corn plants were
observed (data not presented). Nevertheless, for

In different

evaluations no

this type of experiment, only visual evaluations are
not enough for concluding about the carryover
occurrence possibility of the herbicides, since it
is possible to observe reductions in the yield of
crops even if these have not presented visual
symptoms of injury (Steckel et al., 2015).

In the two evaluations of plant height,
performed at 30 and 45 DAE none of the herbicide
freatments applied in the management of weeds
on soybean affected this variable — answer in the
corn sown in succession (Table 5).
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Tabela 5. Plant height, stand and grain yield of corn after the application of herbicides in pre and post-emergence

of RR® soybean . Mandaguacgu (PR), 2014/2015

Stand

Height (cm) . Yield!
Treatments vield
30 DAE 45DAE 45 DAE kg ha pValue
1. PAR+TRI+IMZY / GLY#% 32,5 52,3 8,8 8455,8 0,87
2. PAR+TRIHIZTY / GLY% 32,5 51 8,8 8518,6 0,93
3. PAR+TRI+DICY / GLY% 34,2 50,8 8,3 8536,4 0,77
4. PARY / GLY+TRI+IMZ2% 34,2 52,7 8,3 8471,5 0,88
5. PARY / GLY+TRI+IZT% 33,2 51,2 8,7 8623,3 0,97
6. PARY / GLY+TRI+DIC% 35,7 51,7 8,3 7084,9 0,07
7. PARY / GLY+TRI+CLR% 33,5 52,8 8,8 7372,7 0,15
8. PARY / GLY% 32,5 49,7 8,7 8565,7 0,97
9. PARY / No herbicide 36,2 50,3 8,5 8591,9 -
F 1,07 0,41m 0,51m 0,94 -
CV (%) 9,52 7.98 7.42 17,62 -

GLY = glyphosate; PAR = paraquat; TRI = frifluralin; IMZ = imazaquim; IZT = imazethapyr; DIC = diclosulam; CLR = cloransulam-methyl. “LApplication performed in the
sowing day; ZApplication performed in post-emergence of the crop (V3-V4); £Probability to be significant through contrast analysis among treatments containing
herbicides on soybean and the freatment without herbicide application. ®Not significative by the F test at 5% probability.

At 45 DAE the counting of the number
of the emerged corn plants was also performed,
not being verified differences in the stand in
function of the residual activity of the herbicides
applied in the soybean. The maintaining of the
adequate stand for the corn is fundamental
so that reductions in the yield of this crop do
not come to be observed, considering that,
differently from other cultivated species, the corn
does not present an elevated plasticity, and as
such the stand of plants consists in an important
yield component (Piana et al., 2008).

Just as for the other variables evaluated
in the present work, the grain yield of the corn
grains was not influenced by the residual activity
(carryover) of the different herbicide tfreatments
applied in the management of weed species
in the soybean crop. The elevated volume of
precipitations among the herbicide application
on soybean and in the corn sowing, 826 and
697,4 mm, respectively, for the “A” and “B”
applications (Figure 1), might have confributed
for the dissipation of these products on the soil,
occasioning that the residual activity of the
herbicides did not cause negative effects over
the corn culfivated in succession.

Despite the absence of stafistical
differences through the F test (5% probability)
when comparing corn yield among all

treatments, through contrast analysis, confronting
each herbicide treatment with the witness (T19),
it becomes more evident the probability that
each of these has in compromising the corn yield
(Table 5).

Based on the observed results for this
analysis, a special attention must be directed to
the treatments with the ufilization of diclosulam
and cloransulaom (applied in soybean post-
emergence), which presented probabilities in
differing from the witness in values equivalent to 7
and 15%, respectively. This observation becomes
more evident when comparing the p values of
the remaining freatments, since that the values of
T6 and T7 were, respectively, 13 and 6 times lower
than the average of the remaining treatments
(T1, 72,73, T4, T5 € T8).

Conclusions

The herbicides paraquat, glyphosate and
its applications with trifluralin and/or diclosulam,
cloransulam
presented efficacy in the control of B. pilosa, D.

imazaquin, imazethapyr  or
horizontalis and C. echinatus.

Reductions in soybean yield occurred
with the usage of diclosulom (25,2 g ha') in
association with other herbicides, either in pre or
post-emergence applications performed on the
crop.

The application of the association of
glyphosate + trifluralin + cloransulam (720 + 1350
+ 33,6 g ha'') in soybean post-emergence also
reduces the yield of this crop.

None of the herbicide-containing
freatments utilized on soybean which possess
residual activity (trifluralin, diclosulam, imazaquin,
imazethapyr and cloransulam) affect the yield of
the corn culfivated in succession.
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