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ABSTRACT

Amaranthus species are extremely problematic weeds due to their aggressiveness and resistance,
being Amaranthus palmeri S. Watson, Amaranthus retroflexus L., Amaranthus tuberculatus (Moq.) J.
D. Sauer, and Amaranthus hybridus L. prominent worldwide. The present research aimed to study A.
hybridus populations in Paraguay where the use of glyphosate and chlorimuron herbicides presented
management challenges. This research was conducted in the municipalities of Corpus Christi and
Hernandarias, Paraguay, in 2016, 2017, 2018, 2019, and 2020. Weed seeds with resistance indicators
were collected, cultivated, and following a screening process, cultivated for seed production
(heritability up to F,), and the seeds were collected to obtain the herbicide dose-response curve. The
herbicides glyphosate and chlorimuron were tested in portions of 1/8, 1/4,1/2, 1, 2, 4, and 8 times the
recommended dose on the package inserts (720 g acid equivalent [ae] ha™ and 20 g active ingredient
[ai] ha”, respectively). Among the A. hybridus populations evaluated in Paraguay, biotype from
Hernandarias with multiple resistance to ALS-inhibiting (HRAC 2) and EPSPs-inhibiting (HRAC
9) herbicides, and biotype from Corpus Christi with resistance to ALS-inhibiting herbicides (HRAC
2) were found. Therefore, rotation and combination of herbicides, as well as integration with non-
chemical measures, are essential to control and prevent selection of resistant biotypes. Studies aimed
to develop integrated weed management plans are essential for effective control. In countries like
Paraguay, this becomes imperative because of the lack of research on this topic.
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INTRODUCTION

The high prolificacy, competitive ability, and
resistance to treatments of Amaranthus species
are a concern, especially palmer amaranth
(Amaranthus palmeri S. Watson), redroot pigweed
(Amaranthus retroflexus L.), and tall waterhemp
(Amaranthus tuberculatus [Moq.] J. D. Sauer),
and smooth pigweed (Amaranthus hybridus L.)
(Meyer et al., 2015; Roberts and Florentine, 2022)
being prominent weeds worldwide. In recent
years, increased occurrence, and challenges
in controlling smooth pigweed have been
highlighted in South America.

Smooth pigweed is native to America (Sauer,
1967) and is sub-cosmopolitan (Costea et al.,
2004). It propagates through seeds, and a single
plant can produce approximately 60,000 seeds
(Weaver, 1984; Costea et al., 2004). Amaranthus
species are resistant to several herbicides
worldwide, mainly protoporphyrinogen oxidase
(PPO), 5-enolpyruvyl-shikimate-3-phosphate
(EPSP), and acetolactate synthase (ALS) inhibitors
(Heap, 2023).

Resistance to ALS-inhibiting herbicides in
A. hybridus has been observed in neighboring
Paraguay, like Brazil, where, there are cases of
A. hybridus resistance to glyphosate (Resende
et al., 2022), multiple resistance to glyphosate
and chlorimuron (Heap, 2023), and resistance
to chlorimuron and metsulfuron (Mendes et
al, 2022). In Argentina, multiple resistance
to glyphosate and ALS inhibitors has been
highlighted (Garcia et al., 2020). Therefore,
monitoring resistance in plants and treatment
using rotation and mixtures of herbicides, as
well as integration with non-chemical measures,
is essential to control and prevent selection of
resistant biotypes (Meyer et al., 2015).

Amaranthus plants are extremely competitive
and have adapted to grain crops (Korres et al.,
2019). Studies indicate that 4.6 plants m™ of A.
hybridus can reduce soybean yield by 25-30%
(Toler et al., 1996). Considering the magnitude of
the problem, it is essential to focus on integrated
weed management involving a multiple set of
effective practices (Harker et al.,, 2013; Soltani et
al., 2023). This includes strategies that range from
monitoring through phytosociological surveys
and identification of resistance, which results
in efficient agricultural control measures, such
as cultural, mechanical, and chemical practices
(Marochi et al., 2018; Albrecht et al., 2020a,
Chauhan, 2020). For example, the combination
of pre- and post-emergence herbicide application
with a population of 247,000 soybean plants
ha' was advantageous in the management
of Amaranthus spp. (Butts et al., 2016). The

association of cover crops with herbicides in the
integrated management of A. hybridus was also
effective (Bunchek et al., 2020).

Nevertheless, there are many challenges in
weed management that Paraguay share, which
emphasizes the need for further investigation
for better control. Furthermore, the problems
encountered in this region can be applicable
throughout Latin America and serve as a study
model to configure actions in all parts of the
world. Paraguay has an area of 406,752 km?
with approximately 31 million ha arable land, of
which 3.7 million ha are cultivated with soybeans
in the 2022-2023 growing season (Ministerio
de Agricultura y Ganaderia [MAG], 2022). In
Paraguay, the first case of herbicide-resistant
weed was reported in 1995 in Itapua by Adolfo
Benegas. It was reported Euphorbia heterophylla
L. resistant to imazethapyr, an herbicide with an
ALS-inhibiting mode of action (Heap, 2023).

The objective of this study was to monitor
and investigate the resistance of A. hybridus to
herbicides, specifically to analyze cases with
an indication of multiple resistance. The work
was conducted in conjunction with researchers,
technicians, and farmers from Paraguay, a
country bordering Brazil, which faces similar
weed management challenges but lacks extensive
weed science research.

MATERIAL AND METHODS

Amaranthus hybridus monitoring and screening
Amaranthus hybridus seeds were collected
during the 20182019 and 2019-2020 growing
seasons. Seed collection followed the methodology
proposed by Burgos et al. (2013). Seeds were
collected after herbicide application from one or
more plants with similar characteristics, at specific
control failure points. Collections were carried
out on different farms in the regions studied,
based on information received from farmers and
agronomists, with only one collection per plot.

In 2020, screening was performed to select
susceptible and resistant biotypes to be used for
determining herbicide dose-response curves.
Plants were cultivated in greenhouses in the
Districts of Hernandarias and Corpus Christi,
Department of Alto Parand and Canindeyt,
Paraguay, respectively.

Seeds of the first generation (F,) were sown and
thinned after emergence, leaving one seedling
per pot, with six replicates. The herbicides
tested in F, were glyphosate (Roundup Full®II,
Monsanto Paraguay S.A., Asuncion, Paraguay)
at dose of 720 g acid equivalent [ae] ha™ and
chlorimuron (Poker® 75 WG, Glymax Paraguay
S.A., Hernandarias, Paraguay) at dose of 20 g
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active ingredient [ai] ha™. The experimental units
were pots containing 1 dm™ of vermiculite under
greenhouse conditions.

Treatments were applied to plants with four
leaves, one plant per pot. All herbicides were
applied using a CO, pressurized backpack
sprayer equipped with four flat-fan nozzles
AIXR 110.015 (TeeJet Technologies, Wheaton, IL)
at a pressure of 240 kPa and a speed of 1 ms™,
delivering an application volume equivalent
to 200 L ha™. The pots were removed from the
greenhouse for application and brought back 1 h
after application. The weed control was evaluated
at 28 days after application (DAA) of herbicides,
through visual inspection (0 for no injuries, up to
100% for plant death) (Velini et al., 1995).

Dose-response curve

After screening, two biotypes (susceptible and
suspected resistance) were selected for the dose-
response curve (F, generation). The experiments
were conducted using a completely randomized
design with six replicates. The sowing process,
growing conditions and growth stage for
herbicide application were the same as those
used in screening.

The treatments consisted of glyphosate (0,
90, 180, 360, 720; 1,440; 2,880 and 5,760 g ae ha™;
Roundup Full®II) or chlorimuron (0, 2.5, 5, 10, 20,
40, 80, and 160 g ai ha™'; Poker® 75 WG) combined
with 0.5% (v/v) emulsifiable mineral oil. The
doses used represent the normal field doses at 0,
1/8,1/4,1/2,1,2, 4 and 8 times.

The shoots were collected at 28 DAA of
herbicides to determine dry mass. Plants were cut
at the soil surface, collected in paper bags, oven-
dried at 70 °C for 4 d (to constant mass), and
then weighed. Data were subjected to analysis of
variance and regression, the SigmaPlot® 13 (Systat
Software Inc.) was used. When significant, were
fitted to the non-linear logistic regression model
proposed by Streibig (1988):

a

X c
)]
where y is the response variable (percentage dry
mass reduction of shoot); x is the dose of the
herbicide (g ha™); a4, b and c are the parameters
estimated, in which a is the amplitude between
the maximum and the minimum value of the
variable; b is the dose that elicited 50% response;
and c is the slope of the curve around b.

The non-linear logistic model provides an
estimate of the growth reduction by 50% (GR,)).
In this way, we decided to use mathematical
calculation through the inverse equation of
Streibig (1988), allowing the calculation of GR,,

y:

as proposed by Souza et al. (2000). The models
used to obtain GR,) were the same as those used
in other studies (Takano et al., 2016; Takano et al.,
2017; Albrecht et al., 2020b).
1
)c

Based on the values of GR,, we calculated the
resistance factor (RF = GR,, of the resistant
biotype/GR,, of the susceptible biotype). The RF
expresses the number of times the dose required
to control 50% resistant biotypes is greater than
the dose to control 50% susceptible biotypes
(Burgos et al., 2013). Experimental procedures,
the development of the dose-response curve and
the statistical analysis were adopted in line with
the current literature and recent publications
(Zobiole et al.,, 2019; Albrecht et al.,, 2020b;
Albrecht et al., 2020c).

a
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y

RESULTS AND DISCUSSION

After F,, A. hybridus resistance to glyphosate
and chlorimuron was identified in the Paraguayan
locations. The biotypes were identified in
Hernandarias, Alto Parana department, and
Corpus Christi, Canindeyt department, in areas
cultivated with soybean and maize (Table 1). For
the resistant biotype located in Hernandarias,
the GR,, was 257.34 g ae ha™ with RF of 2.56 for
glyphosate, while for chlorimuron it was 16.79 g
ai ha! with RF of 20.78 (Table 2).

For the resistant biotype located in Corpus
Christi, the GR,, was 26.33 g ai ha'! with RF of
12.4 for chlorimuron, while it was 142.86 g ae
ha' with RF of 1.06 for glyphosate (Table 2). For
a biotype to be considered resistant, the FR must
be >1 and the growth reduction by 80 (GR,) >
than the recommended dose of the herbicide
(Takano et al., 2017). Even with FR >1, GR,, did
not exceed the recommended dose (720 g ae ha')
of glyphosate. This does not point to agronomic
resistance but shows a low level of resistance.

This proves the resistance of the biotypes in
the F, generation after evaluation. Biotype from
Hernandarias with multiple resistance to ALS
- (HRAC 2) and EPSPs - (HRAC 9) inhibiting
herbicides, and biotype from Corpus Christi
with resistance to ALS - (HRAC 2) inhibiting
herbicides were found. After statistical analysis
and application of non-linear regression, models
and graphs (Fig. 1) were generated as commonly
described in the literature (Burgos et al., 2013;
Takano et al., 2016; Takano et al., 2017; Zobiole
et al., 2019; Albrecht et al., 2020b; Albrecht et al.,
2020c).
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Table 1. Geographical location of A. hybridus seed collection areas with proven resistance.

Location Susceptibility Coordinates Agricultural crops
1. Hernandarias, Resistant 25°02'58”S 54°54'12"W

Alto Parana Susceptible 25°00701"S 54°52'59"W Soybean and maize
2. Corpus Christi, Resistant 24°26'16"S 55°34'42"W

Canindeyu Susceptible 24°27'48"S 55°39'50"W

Table 2. Herbicide dose for 50% growth reduction (GR,) and the resistance factor (RF) for A.

hybridus.
Location Glyphosate Chlorimuron
GR,, RF GR,, RF
1. Hernandarias, 100.66 - 0.81 -
Alto Parana 257.34  2.56 16.79 20.78
2. Corpus Christi, 142.86 - 2.12 -
Canindeyu 151.80 1.06 26.33 12.40

Doses in g active ingredient ha™ for chlorimuron and g acid equivalent ha™
for glyphosate.
RF =GR, of the resistant biotype/GR,, of the susceptible biotype.
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Fig. 1. Dose-response curve for dry mass reduction of A. hybridus biotypes under glyphosate (A:
Hernandarias, B: Corpus Christi) and chlorimuron (C: Hernandarias, D: Corpus Christi)
application.
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Resistance to ALS-inhibiting herbicides in
A. hybridus has been observed in neighboring
Paraguay, like Brazil, where there are cases of
A. hybridus resistance to glyphosate (Resende
et al., 2022), multiple resistance to glyphosate
and chlorimuron (Heap, 2023), and resistance
to chlorimuron and metsulfuron (Mendes et
al, 2022). In Argentina, multiple resistance
to glyphosate and ALS inhibitors has been
highlighted (Garcia et al., 2020). To our
knowledge, the present multiple resistance case
is the first report for this species in Paraguay.

Regarding the mechanisms of resistance to
the EPSPS (glyphosate) and ALS inhibitors, the
triple substitution of amino acids TAPOIVS was
identified in the resistant biotype of A. hybridus in
Argentina (Perotti et al., 2019). Furthermore, the
plants also showed increased EPSP expression
compared to that in susceptible plants. A
Ser653Asn substitution was found in the ALS
sequence, explaining the cross-resistance pattern
to the ALS-inhibiting families of herbicides
(pyrimidyloxythiobenzoates, sulfonylureas, and
triazolopyrimidines) (Garcia et al., 2020).

Amaranthus species are highly problematic
weeds because of their aggressive dispersal and
resistance. In recent years, there has an increase
in the occurrence and difficulty in controlling A.
hybridus. As previously indicated, Amaranthus
species show resistance to several herbicides,
mainly PPO, glyphosate, and ALS-inhibiting
herbicides. Resistance gene flow is mediated
by seeds, playing an important role in the
dissemination of Amaranthus spp. herbicide
resistant (Yanniccari et al., 2023). Therefore,
rotation and combination of herbicides, as well
as integration with non-chemical measures,
are essential for controlling and preventing the
selection of resistant biotypes (Braz and Takano,
2022; Soltani et al., 2023). The combination of pre-
and post-emergence herbicide application with
a population of 247,000 soybean plants ha™ was
advantageous in the management of Amaranthus
spp- (Butts et al., 2016). The association of
cover crops with herbicides in the integrated
management of A. hybridus was also effective
(Bunchek et al., 2020).

Coffman et al. (2021) observed that the
application of dicamba could be an alternative
for the control of the PPO-resistant A. palmeri;
however, lower levels of control were observed
in the PPO-resistant population than in the
susceptible population. Other studies have
reported the use of glufosinate to control
Amaranthus spp. (Hay et al., 2019, Browne et
al., 2020), especially in sequential applications
and management programs including synthetic
auxins (Cuvaca et al., 2020), with better efficacy in

young plants and cover crops.

A significant finding is the use of herbicides
with residual effects that can be applied in the
off-season, especially in the pre-sowing period of
soybeans. Flumioxazin, metribuzin (De Sanctis
et al., 2021; Houston et al., 2021), sulfentrazone +
cloransulam (Houston et al. 2021), pyroxasulfone
+ flumioxazin, pyroxasulfone, and acetochlor
(Perkins et al., 2021) have shown good results in
controlling Amaranthus spp.

Therefore, population monitoring is important
for effective control. Monitoring weed resistance
is a useful and essential practice to understand,
identify, and quantify the frequency of resistant
plants in advance (Schultz et al., 2015). Resistance
monitoring studies have led to increased research
and thus the development of new techniques for
controlling resistant or tolerant plants (Rubione
and Ward, 2016; Comont and Neve, 2021).

CONCLUSIONS

Among the A. hybridus populations evaluated
in Paraguay, biotype from Hernandarias with
multiple resistance to ALS-inhibiting (HRAC
2) and EPSPs-inhibiting (HRAC 9) herbicides,
and biotype from Corpus Christi with resistance
to ALS-inhibiting herbicides (HRAC 2) were
found. Therefore, rotation and combination
of herbicides, as well as integration with non-
chemical measures, are essential to control and
prevent selection of resistant biotypes.

Studies aimed to develop integrated weed
management plans are essential for effective
control. In countries like Paraguay, this becomes
imperative because of the lack of research on this
topic.

ACKNOWLEDGMENTS

The authors are grateful to the National
University of Canindeyt, Federal University
of Parana (UFPR) and the Supra Pesquisa team
from UFPR, Graduate Program in Agricultural
Sciences from Maringa State University, Semillas
Pires, and Farm Consultoria & Investigacion
Agronomica for their support.

LITERATURE CITED

Albrecht, A.J.P., G. Thomazini, L.P. Albrecht,
A. Pires, ].B. Lorenzetti, M.T.Y. Danilussi,
AFM. Silva, and F.S. Adegas. 2020c.
Conyzu sumatrensis resistant to paraquat,
glyphosate and chlorimuron: confirmation
and monitoring the first case of multiple
resistance in Paraguay. Agriculture 10:582.
doi:10.3390/agriculture10120582



Furlan Kashivaqui et al. Amaranthus hybridus L. resistant to glyphosate and chlorimuron 293

Albrecht, A.J.P., L.P. Albrecht, A.F.M. Silva, R.A.
Ramos, E.P. Zeny, ].B. Lorenzetti M.T.Y.
Danilussi, and A.A.M. Barroso. 2020a.
Efficacy of imazapic/imazapyr and other
herbicides in mixtures for the control of
Digitaria insularis prior to soybean sowing.
Agron. Colomb. 38:350-356. doi:10.15446/
agron.colomb.v38n3.83046

Albrecht, A.J.P., V.G.C. Pereira, C.N.Z. Souza,
L.H.S. Zobiole, L.P. Albrecht, F.S. and
Adegas. 2020b. Multiple resistance of Conyza
sumatrensis to three mechanisms of action
of herbicides. Acta Sci. Agron. 42:e42485.
doi:10.4025/actasciagron.v42i1.42485

Braz, G.B.P. and H.K. Takano. 2022. Chemical

control of multiple herbicide-resistant
Amaranthus: A review. Adv. Weed
Sci.  40:e0202200062.  doi:  10.51694/

AdvWeedSci/2022;40: Amaranthus009

Browne, F.B., X. Li, KJ. Price, R. Langemeier,
A.S.S.D. Jauregui, ].S. McElroy, Y. Feng, and
A. Price. 2020. Sequential applications of
synthetic auxins and glufosinate for escaped
palmer amaranth control. Agronomy 10:1425.
doi:10.3390/agronomy10091425

Bunchek, J.M., ].M. Wallace, W.S. Curran, D.A.
Mortensen, M.]. VanGessel, and B.A. Scott.
2020. Alternative performance targets
for integrating cover crops as a proactive
herbicide-resistance management tool. Weed
Sci. 68:534-544. d0i:10.1017/wsc.2020.49

Burgos, N.R., P.J. Tranel, ].C. Streibig, V.M. Davis,
D. Shaner, J.K. Norswrthy, and C. Ritz. 2013.
Confirmation of resistance to herbicides and
evaluation of resistance levels. Weed Sci.
61:4-20. d0i:10.1614/WS-D-12-00032.1

Butts, T R., ].K. Norsworthy, G.R. Kruger, L.D.
Sandell, B.G. Young, L.E. Steckel, M.M.
Loux, K.W. Bradley, S.P. Conley, D.E.
Stoltenberg, F.J. Arriaga, and V.M. Davis.
2016. Management of pigweed (Amaranthus
spp.) in glufosinate-resistant soybean in the
Midwest and Mid-South. Weed Technol.
30:355-365. doi:10.1614/WT-D-15-00076.1

Chauhan, B.S. 2020. Grand challenges in weed
management. Front. Agron. 1:3. d0i:10.3389/
fagro.2019.00003

Coffman, W., T. Barber, ]J.K. Norsworthy,
and G.R. Kruger. 2021. Effect of dicamba
rate and application parameters on
protoporphyrinogen  oxidase  inhibitor-
resistant and-susceptible palmer amaranth
(Amaranthus palmeri) control. Weed Technol.
35:22-26. doi:10.1017/wet.2020.59

Comont, D. P. Neve. 2021. Adopting
epidemiological approaches for herbicide
resistance monitoring and management.
Weed Res. 61:81-87. doi:10.1111/wre.12420

Costea, M., S.E. Weaver, and F.J. Tardif. 2004. The
biology of Canadian weeds. 130. Amaranthus
retroflexus L., A. powellii S. Watson and A.
hybridus L. Can. ]. Plant Sci. 84:631-668.
doi:10.4141/P02-183

Cuvaca, I, R. Currie, K. Roozeboom, J. Fry, and
M. Jugulam. 2020. Increased absorption and
translocation contribute to improved efficacy
of dicamba to control early growth stage
palmer amaranth (Amaranthus palmeri). Weed
Sci. 68:27-32. d0i:10.1017/wsc.2019.67

De Sanctis, J.H., E.R. Barnes, S.Z. Knezevic,
V. Kumar, and A.J. Jhala. 2021. Residual
herbicides affect critical time of palmer
amaranth removal in soybean. Agron. J.
113:1920-1933. doi:10.1002/agj2.20615

Garcia, M.J,, C. Palma-Bautista, J.G. Vazquez-
Garcia, A.M. Rojano-Delgado, M.D. Osuna,
J. Torra, and R. De Prado. 2020. Multiple
mutations in the EPSPS and ALS genes of
Amaranthus hybridus underlie resistance to
glyphosate and ALS inhibitors. Sci. Rep.
10:17681. d0i:10.1038/s41598-020-74430-0

Gazola, T., L. Bianchi, M.F. Dias, C.A. Carbonari,
and E.D. Velini. 2020. Metabolic profiling
of glyphosate-resistant sourgrass (Digitaria
insularis).  Weed  Technol.  34:748-755.
doi:10.1017/wet.2020.31

Harker, K.N. 2013. Slowing weed evolution with
integrated weed management. Can. J. Plant
Sci. 93:759-764. doi:10.4141/CJPS2013-049

Hay, M.M., J.A. Dille, and D.E. Peterson. 2019.
Integrated pigweed (Amaranthus spp.)
management in glufosinate-resistant
soybean with a cover crop, narrow row
widths, row-crop cultivation, and herbicide
program. Weed  Technol.  33:710-719.
doi:10.1017/wet.2019.62

Heap, I. 2023. International survey of herbicide-
resistant weeds. Available at http://www.
weedscience.org (Accessed 20 march 2023).

Houston, M.M., L.T. Barber, J.K. Norsworthy,
and T.L. Roberts. 2021. Evaluation of
preemergence herbicide programs for control
of protoporphyrinogen oxidase-resistant
Amaranthus palmeri in soybean. Int. J. Agron.
2021:6652382. doi:10.1155/2021/6652382



294 s: Chilean J. Agric. Anim. Sci., (2023) 39(3):288-295.

Korres, N.E, JK. Norsworthy, and A.
Mauromoustakos. 2019. Effects of Palmer
amaranth (Amaranthus palmeri) establishment
time and distance from the crop row on
biological and phenological characteristics
of the weed: implications on soybean
yield. Weed Sci. 67:126-135. doi:10.1017/
wsc.2018.84

Marochi, A., A. Ferreira, H.K. Takano, R.S.
Oliveira Junior, and R.F. Lopez-Ovejero. 2018.
Managing glyphosate-resistant weeds with
cover crop associated with herbicide rotation
and mixture. Cienc. Agrotecnol. 42:381-394.
doi:10.1590/1413-70542018424017918

Mendes, R.R., V.F.V.Silva, L.A.L. Ferreira, and R.S.
Oliveira Junior. 2022. Sulfonylurea resistance
in Amaranthus hybridus from southern Brazil.
Rev. Ceres 69:374-378. doi: https://doi.
org/10.1590/0034-737X202269030016

Meyer, CJ., J.K. Norsworthy, B.G. Young,
L.E. Steckel, KW. Bradley, W.G. Johnson,
M.M. Loux, V.M. Davis, G.R. Kruger, M.P.
Bararpour, ].T. Ikley, D.J. Sapaunhorst,
and T.R. Butts. 2015. Herbicide program
approaches for managing glyphosate-
resistant Palmer amaranth (Amaranthus
palmeri) and  waterhemp  (Amaranthus
tuberculatus and Amaranthus rudis) in future
soybean-trait technologies. Weed Technol.
29:716-729. d0i:10.1614/WT-D-15-00045.1

Ministerio de Agricultura y Ganaderia [MAG].
2022. Censo Agropecuario Nacional (CAN)
- 2022. Available at https://www.datos.gov.
py/dataset/censo-agropecuario-nacional-
can-2022 (Accessed 13 november 2023).

Perkins, C.M., K.L. Gage, ].K. Norsworthy, B.G.
Young, K.W. Bradley, M.D. Bish, A. Hager,
and L.E. Steckel. 2021. Efficacy of residual
herbicides influenced by cover-crop residue
for control of Amaranthus palmeri and A.
tuberculatus in soybean. Weed Technol. 35:77-
81. d0i:10.1017/wet.2020.77

Perotti, V.E.,, A.S. Larran, V.E. Palmieri, A.K.
Martinatto, C.E. Alvarez, D. Tuesca, and
H.R. Permingeat. 2019. A novel triple amino
acid substitution in the EPSPS found in a
high-level glyphosate-resistant Amaranthus
hybridus population from Argentina. Pest
Manag. Sci. 75:1242-1251. d0i:10.1002/ps.5303

Resende, L.S., P.J. Christoffoleti, A. Gongalves-
Netto, J.C. Presoto, M. Nicolai, E.H.
Maschietto, E.F.Borsato,and L.H.Penckowski.
2022. Glyphosate-resistant smooth-
pigweed (Amaranthus hybridus) in Brazil.
Adv. Weed Sci. 40:€20210022. doi:10.51694/
AdvWeedSci/2022;40: Amaranthus005

Roberts, J.,, and S. Florentine. 2022. A review
of the biology, distribution patterns and
management of the invasive species
Amaranthus palmeri S. Watson (Palmer
amaranth): Current and future management
challenges. =~ Weed  Res.  62:113-122.
do0i:10.1111/wre.12520

Rubione, C., and S.M. Ward. 2016. A new
approach to weed management to mitigate
herbicide resistance in Argentina. Weed Sci.
64:641-648. doi:10.1614/WS-D-16-00016.1

Sauer, J.D. 1967. The grain amaranths and their
relatives: a revised taxonomic and geographic
survey. Ann. Missouri Bot. Gard. 54:103-137.
doi:10.2307/2394998

Soltani, N., C. Shropshire, and P.H. Sikkema. 2023.
Integrated weed management strategies for
the depletion of multiple herbicide-resistant
waterhemp (Amaranthus tuberculatus) seed in
the soil seedbank. Weed Technol. 37:108-112.
doi:10.1017/wet.2023.15

Souza, A.P.,, F.A. Ferreira, A.A. Silva, A.A.
Cardoso, and H. Ruiz. 2000. Logistic equation
use in studying the dose-response of
glyphosate and imazapyr by using bioassays.
Planta Daninha 18:17-28. doi:10.1590/50100-
83582000000100002

Streibig, J.C. 1988. Herbicide bioassay. Weed
Res. 28:479-84. do0i:10.1111/j.1365-3180.1988.
tb00831.x

Takano, H.K,, R.S. Oliveira Junior, J. Constantin,
G.B.P. Braz, and E.A. Gheno. 2017.
Goosegrass resistant to glyphosate in Brazil.
Planta Daninha 35:e017163071. doi:10.1590/
50100-83582017350100013

Takano, H.K,, R.S. Oliveira Junior, J. Constantin,
G.B.P. Braz, L.HM. Franchini, and N.R.
Burgos. 2016. Multiple resistance to atrazine
and imazethapyr in hairy beggarticks
(Bidens pilosa). Cienc. Agrotecnol. 40:548-554.
doi:10.1590/1413-70542016405022316

Toler, J.E.,, J.B. Guice, and E.C. Murdock.
1996. Interference between johnsongrass
(Sorghum  halepense), smooth  pigweed
(Amaranthus hybridus), and soybean (Glycine
max). Weed Sci. 44:331-338. doi:10.1017/
50043174500093966

Velini, E.D., R. Osipe, and D.L.P. Gazziero. 1995.
Procedimentos para instalacdo, avaliagao
e analise de experimentos com herbicidas.
Sociedade Brasileira da Ciéncia das Plantas
Daninhas, Londrina, PR, Brazil.

Weaver, S.E. 1984. Differential growth and
competitive ability of Amaranthus retroflexus,
A. powellii and A. hybridus. Can. ]. Plant Sci.
64:715-724. doi:10.4141/cjps84-098



Furlan Kashivaqui et al. Amaranthus hybridus L. resistant to glyphosate and chlorimuron 295

Yanniccari, M., T. Gaines, J. Scursoni, J., R. Prado,

and M. Vila-Aiub. 2023. Global patterns of
herbicide resistance evolution in Amaranthus
spp.: an analysis comparing species,
cropping regions and herbicides. Adv. Weed
Sci. 40:e0202200037. doi:10.51694/10.51694/
AdvWeedSci/2022;40:Amaranthus011

Zobiole, L.H.S., V.G.C. Pereira, A.J.P. Albrecht,

R.S. Rubin, E.S. Adegas, and L.P. Albrecht.
2019. Paraquat resistance of Sumatran
fleabane  (Conyza  sumatrensis).  Planta
Daninha 37:019183264. doi:10.1590/S0100-
83582019370100018



