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ABSTRACT

In view of the increase in the infested areas and the difficulty in contr@liagnaesyce hirté..) Millsp (garden
spurge) there is growing interest in identifying herbicides that can be applied in pre and post-emergence, helping to
reduce infestation and to provide species control. The objective of this work was to evaluate efficient alternatives of
herbicides applied in pre and post emergence aiming at the cor@iwhofaesyce hirtd hree experiments were carried
outin a greenhouse in a completely randomized design with four replications. The first with the application of herbicides
in pre-emergence, the second with the application of herbicides in post-emergence when the(laita bad two
to four true leaves fully expanded, and the third experiment, also with the post-emergence application at the flowering
and branching stage of the plants. For herbicides applied in pre-emergence, at 28 days after application (DAA), all
herbicides evaluated were considered effective for the contr@hamaesyce hirtashowing results above 90%.
Several herbicides werefiefent in controlling the species with two to four leaves, howeréehe flowering stage, there
is greater difficulty in control, showing the importance of the plant stage at the time of application.

Keywords: chemical controlEuphorbia hirtg garden spurge; infestation; weeds.

INTRODUCTION practical, efective andeconomical (ddavet al, 2017),

Tolerance is the innate ability of weed species BOWeVer so far there is a limited number of studies
survive and reproduce after the application of the herbicio%Yaluating the effectiveness of herbicide treatments to
that is, tolerant plants naturally have the ability to survivé®ntrolC. hirtain pre- and post-emergence. In the case of
the application of the herbicide, which differentiates thefierbicides applied in post-emergence, there are reports of
from the species described as resistant (Christoffeteti @dequate control o€. hirta with the association of
al., 2016).Chamaesyce hirtis considered a glyphosate-chlorimuron-ethyl (10 g hg to glyphosate (1440 g fip
tolerant species and so far there are no reports of resistaffd@copicet al, 2007), as well as by using glyphosate (960
to any mechanism of action (Heap, 2020). g hat) in plants with an average of three leaves (Petter

Chamaesyce hirtdl.) Millsp (garden spurge) is an al., 2007).
annual species of short cycle, of the Euphorbiaceae family The application of herbicides in pre-emergence is an
with small inflorescences and great seed productiomportant tool in weed management (Hastyl, 2004),
potential (Snell & Burch, 1975; Pint&t al, 2014). The both by promoting initial competitive advantage for the
dispersion of the species has raised concerns, maighpp, and by allowing the use of mechanisms of action
because this plant is considered difficult to control (Samormally different from those used in post-emergence,
toset al, 2016). The limited number of non-chemical controWhich is one of the main reasons to prevent the selection
alternatives is another concern in relation to the speciesf resistant populations. The application of herbicides in

Among the control methods, chemical management, pre-emergence can help, for example, in reducing weed
addition to being the most used, is considered monefestation that is dif€ult to control or with a history of
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resistance to glyphosate (Mueliral., 2014). In addition, [imazapic +imazapyr] ([52.5 + 17.5] ghamazethapyr (106
when compared to manual and mechanical contrglha'),imazaquin (150 g H, [flumioxazin + imazethapyr]
methods, it presents advantages such as high operatigfs0 + 106] g hd), sulfentrazone (400 g fig flumioxazin
performance, control efficiency and a longer residual periq80 g ha), fomesafen (250 g i isoxaflutole (60 g hg,
(Nizetal, 2018). clomazone (1000 g Hy atrazine (2500 g Hametribuzin
Several studies have reported the presence @80 g ha), ametryn (1500 g H3, amicarbazone (280 gha
Chamaesyce hirtan the weed community in different ) and control without application.
locations (Singlet al, 2015Amim et al,, 2016; Santost . . o
al., 2016; Fortet al, 2017; Kauet al, 2018)Chamaesyce ~ EXPeriments 2 and 3 - Herbicides applied in
hirta was among the most abundant species in number of post-emergence
individuals and dry biomass of shoots in an experiment Sowing was carried out on the soil surface and thinning
carried out in the southwestern Goias region (Sagttosin the establishment of the species, with four plants
al., 2018a). In another studyarried out in the state of remaining for the experiment 2 and two plants for the
Roraima,Chamaesyce hirtavas considered one of theexperiment 3 in each p&tll pots were irrigated dailyfor
most important species of the studied area (Gortaa  the development of the species.
2018). For the experiment with plants in the stage of two to
In view of the reports of an increase @ hirta four leaves and for the experiment with flowering plants,
infestation, the selection of herbicides that have potentid® treatments were evaluated with the following doses of
for its control is essential to support management syste®@ch herbicide: fomesafen (202.5 dghéactofen (150 g
for this species. The objective of this work was to evaluatet!), saflufenacil (24.5 g h9, flumioxazin (30 g hd),
efficient alternatives of herbicides applied in pre-and posfiumiclorac-pentyl (40 g h§, carfentrazone-ethyl (10 g'ha
emergence aiming at the control@iamaesyce hirta %), bentazon (720 g Ry atrazine (1500 g H imazethapyr
(100 g ha), cloransulam-methyl (30 g Batrifloxysulfuron-
MATERIAL AND METHODS sodium (7.5 g h§, nicosulfuron (50 g hg, chlorimuron-
Three experiments were carried out in a greenhoushyl (10 g hd), [imazapic + imazapyr] ([52.5 + 17.5] gha
between the months of February and March 2018, innaesotrione (120 g Hy tembotrione (75, 6 g Hp 2,4-D
completely randomized design with four replications. Thé&670 g hd), dicamba (470 g h9, diquat (200 g hg,
first experiment was carried out with the application oparaquat (200 g i paraquat (400 g it paraquat + 2,4-
herbicides in pre-emergence. The second with tH2 (200 + 670 g h4, paraquat + 2,4-D (400 + 670 g'ha
application of herbicides in post-emergence when ttglufosinate-ammonium (400 g Haglufosinate-ammonium
plants ofC. hirtahad two to four true leaves fully expanded; 2,4-D (400 + 670 g h9, glyphosate (1080 g Hp
and the third experiment, also with the application in posglyphosate + 2,4-D (1080 + 670 g'aglyphosate + 2,4-D
emergence in the flowering and branching stage of 080 + 335 g h§ and control without application.
plants. The seeds were purchased for the three experimentsl'he application of treatments in all experiments was
and have the same biotype. Herbicides were chosen frearried out using a backpack sprayer of constant pressure
recommendations for weeds from the same family ibased on CQ equipped with bar with four flat fan XR-
different crops. 110.02 tips (207 kPa) spaced 0.50 m from each other and
Pots with a capacity of 5 dm? were filled with soil withwith an application height of 0.50 m above the edge of the
a clay-loam texture, which had the following characteristicgots. These conditions resulted in an application rate of
pH in CaC] =5.3; 7 g dniof C; 69.6% sand; 6.9% silt and 200 L ha. At the time of application, the soil of the pots

23.5% clay was moist; the temperature at 26°C, the relative humidity
) . o of the air was 62%, winds of 5 knt and a cloudless sky
Experiment 1 - Herbicides applied in pre- All herbicide treatments were applied on the same day
emergence The control ofChamaesyce hirtaas evaluated at 7,

In each pot 50 seeds Ghamaesyce hirtavere sown 14, 21 and 28 days after application (DAA) in the experiment
on the soil surface and then irrigation was carried out teith herbicides applied in pre-emergence. For experiments
enable the application of treatments with moist soil.  with herbicides applied in post-emergence, the evaluation

For herbicides applied in pre-emergence, 23 treatment®k place at 14 and 28 DAA visual scale from 0 to 100%
were evaluated, whose doses are in parentheses: pemdis used, where 0% corresponds to no control and 100%
methalin (1000 g h4, trifluralin (1350 g hd), S-metolachlor the death of all plants compared to the control (SBCPD,
(1440 g h&), pyroxasulfone (100 g i indaziflam (759 1995).
ha?), diclosulam (25.2 g b4, chlorimuron-ethyl (15 g ha Statistical analyses were performed using the Sisvar
1), imazapic (105 g h, trifloxysulfuronsodium (75gh4, software (Ferreira, 2011). Data related to normality were
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analyzed using the Shapiroi#test (p < 0.05) and for emergence also provided efficient control, significantly
homogeneity of variances using the Levene test (p < 0.08ecreasing the density of plants of the species (Sihgh
The assumptions of variance were adequately met. Thah, 2015)Although in this study pendimethalin was applied
analysis of variance was performed using the F test andth no further addition of another herbicide, the results
the means were compared using the Scott-Knott clustme similay providing maximum control of the species in
test (p <0.05). the last two evaluations.
In general, all the herbicides used were considered
RESULTSAND DISCUSSION effective for the control ofChamaesyce hirtan the
Experiment 1 - Herbicidesappliedin pre-emergence  evaluation performed at 28 DAA, providing above 90%
Two groups of treatments were identified. In the firstcontrol. Other herbicides can also be used to control the
the herbicides that promoted control above 75% since thpecies, such as diuron + hexazinone + sulfometuron-
first evaluation (pendimethalin, S-metolachlpyroxa- methyl and tebuthiuron which, when applied on sugarcane
sulfone, indaziflam, diclosulam, [flumioxazin + imazethapyr]stalk, in different periods without rain after application (0,
sulfentrazone, flumioxazin, fomesafen, clomazone, atrazirs, 30 and 45 days) provided 100% controlCofhirta
metribuzin and metribuzin stand out ametryn). In a secoiBerreiraet al, 2016).
group, the initial control (7 DAA) is inferior to the previous  There are several efficient herbicide options that can
group of herbicides, but it is improved along the evase used in pre-emergence in areas infested with
luations: trifluralin, chlorimuron-ethyl, imazapic, trifloxy- Chamaesyce hirtavhich may be linked to the fact that
sulfuron-sodium, [imazapic + imazapyr], imazethapyrthe seeds are very small and emerge from relatively small
imazaquin, isoxaflutole and amicarbazore(€ 1). depths. Such options can be used in different crops to
For indaziflam, [flumioxazin + imazethapyr], flumioxazin reduce the number of plants that egessind, consequently
and fomesafen no seedlings emerged during the evaluatthe levels of infestation remaining during their cycle.
period, showing maximum control of the species. When Even though some herbicides have a slower action on
evaluating the effect of indaziflam on the seedbank dfie first days after application, all herbicides applied in
sugarcane crop soil during four consecutive harvestsie-emergence in this study were efficient alternatives for
Amim et al (2016) observed that this herbicide at 75-g h#éhe control ofChamaesyce hirta
! showed 100% control &. hirtain the layers 0 to 10 and ) o o
10 to 20 cm of soil. In a study conductedWightjeet al Experiments 2 and 3 - Herbicides applied in
(2015) with different formulations and doses of flumioxazin post-emergence
applied in pre-emergence, there was an efficiency greater Regarding the control @hamaesyce hirta (Lwith
than 85% in the control &hamaesyce maculatahich  two to four leaves @ble 2), in the first evaluation (14
belongs to the same family and genu€bamaesyce hir- DAA), the herbicides saflufenacil, flumioxazin, atrazine,
ta. trifloxysulfuron- sodium, nicosulfuron, diquat, paraquat
Other studies in the literature demonstrate th@oth doses), paraquat + 2,4-D (both doses), glufosinate-
efficiency of herbicides in controllinGhamaesyce hirfa  ammonium, glufosinate-ammonium + 2,4-D, glyphosate and
such as mixtures of trifluralin + diuron (1335 + 800 g)ha glyphosate + 2,4-D (higher dose) provided 100% control
[clomazone + carfentrazone-ethyl] + prometryn ([600 + 15)f the species. The herbicides carfentrazone-ethyl and
+ 1000 g hd), prometryn + S-metolachlor (1000 + 960 g habentazon were less efficient, with the latter showing
1), [clomazone + carfentrazone-ethyl] + diuron ([600 + 15] €quivalent results to the control without application.
800 g h&), and prometryn + trifluralin (1000 + 1335 g'ha The herbicides lactofen, cloransulam-methyl and
applied in pre-emergence, which showed values higheresotrione, although not reaching 100% of control,
than 75% in the evaluations performed at 20 and 35 daysesented satisfactory levels, howevir the same
after application (Santacst al, 2018b). In this studythe treatments there is a decrease in control at 28 DAA. In
isolated use of the herbicides trifluralin, S-metolachlor aralddition, the herbicides fomesafen and dicamba start from
clomazone in a greenhouse demonstrated effective contfr@.5 and 65% in the initial evaluation to 25 and 10% in the
of C. hirta, eliminating the need for associations with othefinal evaluation, respectivelfrhese results demonstrate
herbicides. the potential of recovery and development of the plant
The application of dimethenamid-P + pendimethalin ialong the the evaluation period, which makes the control
pre-emergence using two formulations of the herbicide awd the species even more difficult.
different irrigation volumes resulted in efficient control of ~ The association of paraquat, glufosinate-ammonium
C. hirtain all combinations (Salet al, 2019). In another and glyphosate with 2,4-D provided levels of control simi-
study the application of pendimethalin in pre-egemce lar to those observed for the application of these herbicides
followed by the application of bispyribac-sodium in postalone, not justifying mixtures with 2,4-D, since there is no
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increase in dicacy. Similarly, the application of paraquat tembotrione, 2,4-D, dicamba and glufosinate-ammonium
alone, in both doses, was simjlardicating that in this at 28 DAA, which provided control similar to the control
case there is no need to increase the dose for the contvighout application.
of Chamaesyce hirta Control results o€hamaesyce hirtaith chlorimuron-
For the control of flowering plants @hamaesyce hir- ethyl were observed by Procémbal (2007) only when
ta (L.) (Table 2), there is an evident decrease in contrthis herbicide was used at a dose of 10 ¢ ha
levels when compared to the earlier stage developmeassociation with glyphosate (1440 g-haresenting 95%
Herbicide treatments such as saflufenacil, flumioxazircontrol of plants with four to eight leaves. The association
nicosulfuron, diquat, paraquat (both doses) and glufosinafthese herbicides may have caused synergism, differing
te-ammonium, which provided maximum control at 28 DAArom the results obtained in this work for chlorimuron-
applied at the stage of two to four leaves, demonstratethyl alone.
control lower or equal to 55% when the application was Glyphosate was the only herbicide that showed 100%
carried out at the flowering stage, showing the importan@®ntrol for flowering plants in the evaluation at 28 DAA,
of the plant stage at the time of herbicide application. however the herbicides atrazine, trifloxysulfuron-
The reduction in viable control options after weedodium, paraquat + 2,4-D, glufosinate-ammonium + 2,4-
development can result in significant damage to the and glyphosate + 2,4-D (both doses) showed control
production of the crop of interest and hinder the adoptiaanging from 93.2 to 98.2%, which characterizes them as
of management systems for other weeds present in inéeresting alternatives for the control @hamaesyce
area. These results are evident when observing the controtta. In a study with the isolated application of
data with the application of fomesafen, lactofenglyphosate at doses of 480, 960 and 1440-gatdhe
saflufenacil, flumiclorac-penthyl, carfentrazone-ethylstage of four and eight leaves, the authors obtained
bentazon, cloransulan-ethyl, clorimuron-ethyl, mesotrionegsults different from those found in this study and

Table 1: Chamaesyce hia control percentages at 7, 14, 21 and 28 days after application (DAA) of prgesiceterbicide
treatments

Chamaesyce hirta control %

Herbicides (g ha?)

7DAA 14DAA 21DAA 28DAA
pendimethalin (1000) 76.2b 94.5b 100.0a 100.0 a
trifluralin (1350) 0.0e 4509 90.0d 90.0e
S-metolachlor (1440) 86.2b 100.0 a 100.0 a 100.0 a
pyroxasulfone (100) 97.5a 100.0 a 100.0 a 100.0 a
indaziflam (75) 100.0 a 100.0 a 100.0 a 100.0a
diclosulam (25,2) 77.5b 97.5b 100.0a 100.0 a
chlorimuron-ethyl (15) 40.0c 85.2e 97.2b 97.2b
imazapic (105) 325d 89.5d 98.0b 98.0b
trifloxysulfuron-sodium (7,5) 30.0d 925¢ 98.0b 98.0b
[imazapic + imazapyr] [52,5+17,5] 30.0d 90.0d 98.0b 98.0b
imazethapyr (106) 30.0d 88.7 d 98.0b 98.0b
imazaquin (150) 30.0d 815f 95.0c 95.7¢c
[flumioxazin + imazethapyr] [50+106] 100.0 a 100.0 a 100.0 a 100.0a
sulfentrazone (400) 99.5a 99.5a 100.0a 100.0 a
flumioxazin (50) 100.0 a 100.0 a 100.0 a 100.0a
fomesafen (250) 100.0 a 100.0 a 100.0 a 100.0a
isoxaflutole (60) 52.5¢ 96.2b 100.0a 100.0 a
clomazone (1000) 85.0b 97.5b 100.0a 100.0 a
atrazine (2500) 96.2a 96.2b 98.7b 98.7b
metribuzin (480) 81.2b 925¢ 97.0b 97.0b
ametryn (1500) 875b 94.5b 95.0c 93.7d
amicarbazone (280) 45.0c 99.5a 99.5a 100.0a
Untreated check 0.0e 0.0 h 0.0e 0.0f
F 28.2* 369.4* 2532.2* 1707.8*
CV (%) 19.9 2.6 0.8 1.0

* Means followed by the same letters in the columns do not differ from each other by the Scott-Knott<t@s05p.
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Table 2: Percentages dthamaesyce hia control in the stage of two to four leaves and in flowering, at 14 and 28 days after
application (DAA) of post-emergence herbicide treatments

Chamaesyce hirta control %

Herbicides (g ha?) Two to four leaves Flowering

14DAA 28DAA 14DAA 28 DAA
fomesafen (202,5) 72.5d 25.0e 5.09 12e
lactofen (150) 90.0b 43.7d 13.7f 25e
saflufenacil (24,5} 100.0 a 100.0 a 20.0f 25e
flumioxazin (30¥ 100.0 a 100.0 a 87.5a 48.7c
flumiclorac-penthyl (43 74.5d 275e 6.29 12e
carfentrazone-ethyl (1@) 20.0f 10.0f 0.0g 0.0e
bentazon (7264 5.0g 5.0f 7549 0.0e
atrazine (1500) 100.0 a 100.0 a 945a 96.2a
imazethapyr (100) 91.2b 95.0a 0.0g 22.5d
cloransulam-methyl (38) 825¢c 65.0c 0.0g 0.0e
trifloxysulfuron-sodium (7,5¥ 100.0 a 100.0 a 95.7a 95.0a
nicosulfuron (50) 100.0a 100.0a 20.0f 55.0c
chlorimuron-ethyl (10¥ 60.0 e 79.5b 509 0.0e
[imazapic + imazapyr] [52,5 +17 5] 98.7 a 100.0 a 30.0e 76.2b
mesotrione (126 85.0b 62.0c 129 0.0e
tembotrione (75,6) 62.5¢e 30.0e 0.0g 0.0e
2,4-d (670) 65.0 e 16.2 f 10.0g 3.7e
dicamba (470) 65.0e 10.0f 8.79 25e
diquat (200% 100.0 a 100.0 a 42.5d 35.0d
paraquat (206% 100.0 a 100.0 a 72.0c 25.0d
paraquat (4069 100.0 a 100.0 a 93.2a 50.0c
paraquat + 2,4-d (200 + 670) 100.0 a 100.0a 84.0b 62.5c¢c
paraquat + 2,4-d (200 + 670) 100.0 a 100.0a 95.7a 98.2a
glufosinate-ammonium (408) 100.0 a 100.0a 45.0d 10.0e
glufosinate-ammonium + 2,4-d (400+670) 100.0 a 100.0a 95.7 a 975a
glyphosate (1080) 100.0 a 100.0a 96.5a 100.0a
glyphosate + 2,4-d (1080 + 670) 98.7 a 100.0 a 92.0a 97.0a
glyphosate + 2,4-d (1080 + 335) 100.0a 100.0a 88.2a 93.2a
Untreated check 0.0g 0.0f 0.0g 0.0e
F 117.8* 99.8* 86.2* 60.5*
CV (%) 17.9 21.8 7.6 13.7

* Means followed by the same letters in the columns do ntérdifom each other by the Scott-Knott test<(|9.05).2 AddedAgral (0,2%
v v1), Z AddedAssist (0,5% v V), ¥ AddedAssist (0,2% v V), 2% AddedAgral (0,15% v V), £ Added Aureo (0,25% v Y, ¥ AddedAgral
(0,1% v V).

concluded that the increase in doses resulted in @ONCLUSIONS
increase in control, howevarot reaching satisfactory  ajj herbicides evaluated provided effective for the

levels (Procopiet al, 2007). control ofChamaesyce hirta pre-emergence at 28 days
Unlike what happened for the two to four-leaf stageyier application, showing results above 90%.
the association of paraquat and glufosinate-ammonium

with 2,4-D applied at the flowering stage, increasead control | €re are options for the controlGhamaesyce hirta
when compared to the isolated application. In the caseBfPOSt-émergence, such as the herbicides saflufenacil,
glyphosate, the application of the herbicide alone {glmloxazm, atrazine, 'maZEthapVIﬂOXysuIf_uron—sod|um,
sufficient to achieve dicient control.Although the Nicosulfuron, [imazapic + imazapyr], diquat, paraquat,
association of glyphosate with 2,4-D provides the Sangéufosmate—a_mmomum, and the associations of glufosi-
level of control as the isolated application, this managemdifte-ammonium +2,4-D, paraquat + 2,4-D and glyphosate
practice may be recommended in cases where there i £:4-D that provided control greater than 95% when
need to accelerate and expand the spectrum of weed conffBP!ied to plants at the stage of two to four leaves.
especially for those that arefitifilt to control (Takanoet The best alternatives for the control@hamaesyce

al., 2013). hirta at the flowering stage were atrazine, trifloxysulfuron-
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penthyl, paraquat + 2,4-D, glufosinate-ammonium + 2,4-Dliz AlS, Barrios CAM, Oviedo MOS, Rolén MARCasuriaga OLC,

egphosate and the two doses of the combination OfOcampo FDV& Vergara JIB (2018) Control of broadleave and
grass weeds irsaccharum officinarunwith the use of pre-

glyphosate +2,4-D. emepence herbicidesAfrican Journal ofAgricultural Research,
Even so, the stage Ghamaesyce hirtalants at the ~ 13:2232-2238.

timing of application is essential to obtain success iretter &, Procopio SO, Cgnelutti FilhoA, BarrosoALL, Pacheco
. . LP & BuenoAF (2007)Associacdes entre o herbicida glyphosate
controlling the species.

e inseticidas na cultura da soja Roundup Ready®. Planta Dani-
nha, 25:389-398.
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