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ABSTRACT

Kochia (Bassia scoparia (L.) A.J. Scott.) is a problematic weed. In Argentina, farmers have recently
experienced poor control over imidazolinone-resistant sunflowers, specifically the sensitivity
of putative kochia resistant plants to imidazolinone herbicides. Seeds from putative resistant
populations from Pellegrini (P), De Bary (DB), and 30 de Agosto (A) and a known susceptible (S)
population from Col. Martin Fierro were sown in pots. A mixture of imazapyr (Clearsol® WG 80%)
and imazamox (Trigosol WG 70%) was sprayed when plants reached approximately 6 cm in height
and 10-leaf stage using a boom sprayer. A trial was conducted to determine the response of kochia
to the recommended doses (1x) of imazapyr 80.00 g ai ha™ + imazamox 20.30 g ai ha". Plants were
harvested 30 days after treatment to determine fresh shoot weight. A dose-response experiment was
performed using imazapyr + imazamox at concentrations of 0x, 1/4x, 1/2x, 1x, 2x, 4x, and 8x. Partial
ALS gene amplification was performed using leaves of plants that survived an 8x dose. The 1x fresh
weight of the putative populations did not differ from 0x. LD, of imazapyr+imazamox (g ai ha™) for
each biotype was: S, 18.86 + 4.79; DB, 82.48 + 20.93; A, 179.36 + 45.51; and P, 550.88 + 139.79. The three
resistant populations exhibited a single-point mutation from guanine to thymine, detected in codon
574 of the ALS gene. This mutation confers resistance to ALS inhibitors. This is the first reported case
of kochia resistance in Argentina, providing valuable insights that extend beyond sunflower weed
management.
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INTRODUCTION

Kochia [Bassiascoparia (L.) A.]. Scott. syn. Kochia
scoparia] isamember of the Amaranthaceae family,
subfamily Camphorosmoidea, and belongs to the
Bassia/Camphorosma group (Kadereit and Freitag,
2011; Grabowska et al., 2023). It is widespread in

temperate and subtropical regions of the world.
Although its origin has not been confirmed, it
may be traced to Central Asia and South Siberia,
where the greatest diversity of morphological
forms is present (Sukhorukov et al., 2025). Kochia,
a C4 species, is highly competitive, germinates at
low soil temperatures and emerges early, grows
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rapidly, tolerates heat, drought, and salinity, and
exerts allelopathic effects on neighboring species
(Friesen et al., 2009). It is a problematic weed
present in sandy and saline soils (Marzocca, 1993;
Brignone and Denham, 2021).

In Argentina, 24 weed species distributed
across the main extensive crops, including
soybeans, maize, wheat, barley, oilseed rape,
sunflowers, chickpeas, and peanuts, have
evolved herbicide resistance. The highest number
of herbicide-resistant species was identified in
soybeans, followed by maize, wheat, barley,
and fallow. Weed species with the highest
number of resistant individuals included
Amaranthus hybridus, Amaranthus palmeri, Lolium
multiflorum, and Raphanus sativus (Oreja et al.,
2024). At that time, kochia populations had not
been documented as herbicide-resistant weeds
in the country. However, the International
Herbicide Resistant Weeds Database reports
56 cases of herbicide-resistant kochia; some
exhibiting multiple resistance to two or three
sites of action. Most cases were reported in the
United States, followed by Canada, with only
one report was from the Czech Republic. Three
reports specifically referred to resistance to
imidazolinones; two documented imazethapyr
resistance in Canada in 1988 and in the United
States in 1994; and one reported imazamox
resistance in the United States in 2005 (Heap,
2025). Another study reported resistance to 1,000
g ai ha' of imazapyr in a kochia population from
the Czech Republic (Chodova and Mikulka, 2001).
Geddes and Sharpe (2022) highlighted the rapid
increase in herbicide-resistant kochia populations
over the past few decades.

Imidazolinones represent a class of herbicides
that can be used either pre- or post-emergence
for the control of a wide range of weeds in
broadleaf and cereal crops as well as in non-crop
areas. In addition, these herbicides are used with
imidazolinone-tolerant crops (Clearfield® crops)
(Tan et al., 2005). In Argentina, in 2003, BASF
SA registered the herbicide imazapyr, becoming
one of the most representative members of
this herbicide family. The Clearfield system
continued to evolve, leading to the introduction
of the Clearsol Plus technology, a mixture of
imazapyr and imazamox. Both herbicides belong
to the acetolactate synthase (ALS) inhibitor
group, targeting an enzyme essential for the
biosynthesis of the branched-chain amino acids
valine, leucine, and isoleucine. Inhibition of ALS
disrupts protein synthesis, halts cell division and
plant growth, and ultimately causes plant death.

Imidazolinone-tolerant ~ sunflowers  have
provided farmers with an alternative method
for managing weeds. A significant sunflower-

based economy characterizes the west of Buenos
Aires Province (Argentina). In the 2019/2020
season, about 60% of the sunflowers sown at the
country level corresponded to hybrids tolerant to
imidazolinones (RETAA, 2020).

Kochia commonly interferes with sunflower
crops, resulting in losses of around 20% (Lewis
and Gulden, 2014; Durgan et al., 1990). High
seedling emergence occurs very early in
the spring, while continued emergence into
midsummer emphasizes the need for extended
periods of kochia management (Dille et al., 2017).
In Argentina, kochia was declared an “agricultural
pest’ in 1946 (Decree No. 3383/46), and was well
managed for many years. Recently, however, its
presence and density have increased, particularly
in farmland in the west-central Pampas region of
Argentina (Montes et al. 2024). In recent years,
several farmers reported poor control of kochia
in imidazolinone-resistant sunflowers.

The objective of this study was to evaluate
imidazolinone herbicide resistance in Bassia
scoparia populations from western Buenos Aires
province (Argentina) through dose-response
bioassays under controlled conditions and
molecular analysis of the ALS gene.

MATERIALS AND METHODS

Plant material

To verify the resistance of kochia to
imidazolinone herbicide, two experiments were
conducted under greenhouse conditions. Seeds
samples were collected during the winter of 2021
from different farms where failure to control
with post-emergence imidazolinone herbicides
was reported. Seeds of three putative resistant
to imidazolinone populations were harvested
from plants located in the west of Buenos Aires
province: Pellegrini (P) (-36°19" 40.2”, -63° 0/
24.7""), De Bary (DB) (-36°30'23.5”, -63°18'12.8")
and 30 de Agosto (A) (-36° 13" 40.8”, -62° 33" 4.9”).
The putative resistant populations were compared
with a known susceptible (S) population from
the livestock fields of Col. Martin Fierro, with no
history of herbicide use (-35° 43" 50.2536”, -62° 51’
2.1564").

Plant growth

Seed germination was evaluated on moistened
tissue paper with distilled water. Three replicates
of 25 seeds per Petri dish were used for each
population, and the assay was conducted in a
growth chamber at a constant temperature of
25 °C. Germination and radicle emergence were
observed as early as six hours after preparation
of the Petri dishes, and maximum germination
capacity was reached within 24 h: A, 96%; DB,
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96%; P, 97%; and S, 92%.

The experimental units consisted of plastic
pots measuring 11 cm in diameter and 11 cm in
depth, each filled with 700 g of air-dried sandy-
loamy soil (clay 4.7%, silt 17.0%, sand 78.3%,
organic matter 0.6%, electrical conductivity 0.28
dS m™ and pH 6.61). Six seeds per pot were sown
at a depth of 0.5 cm. Pots were maintained under
greenhouse conditions throughout the growing
period and were periodically irrigated to keep soil
moisture near field capacity. After emergence, the
number of plants per pot was recorded.

Fresh weight in response to the recommended
dose of imazapyr-imazamox

A trial was conducted to determine the
response of Bassia scoparia to the recommended
doses of a mixture of imazapyr (Clearsol®
WG 80%) 80.00 g of active ingredients (ai) ha’
and imazamox (Trigosol WG 70%) 20.30 g ai
ha' compared with the control treatment, Ox.
Methylated soybean oil adjuvant (Dash®) was
added at 0.250 L ha'. Herbicides were sprayed
using a JACTO DBJ-2.0 boom sprayer equipped
with a JDF 04 flat fan spray nozzle, operating
at constant pressure. The sprayer delivered a
volume of 99 L ha. Applications were conducted
outdoors under the following environmental
conditions: mean temperature of 14.8 °C, wind
speed of 3.8 ms™ from the east, and relative
humidity of 87%. Treatments were applied at
post-emergence, when plants reached the 10-leaf
stage and 6 cm in height. After treatment, plants
were returned to the greenhouse.

Shoot fresh weight (FW) was evaluated. Plants
were harvested 30 days after treatment (DAT). The
total FW per pot was divided by the number of
plants to calculate percentage values, comparing
herbicide-treated plants to the untreated control,
which was considered 100%. The experiment
followed a completely randomized design with
five replicates per treatment per population. Data
were analyzed using ANOVA and treatment
means were compared with Fisher's Least
Significant Difference (LSD) test (SAS Institute
Inc., 2015).

Plant survival in
imazamox doses
The lethal dose 50 (LDs) is the amount of
herbicide required to cause 50% mortality in a
target population. In weed resistance studies,
such as those involving kochia, LDs is generally
estimated through non-linear regression analysis
of survival data. The response (e.g., % survival) is
expressed as a percentage relative to the untreated
control (100% survival). Increasing doses of a
mixture of imazapyr (Clearsol® WG 80%) and

response to imazapyr-

imazamox (Trigosol® WG 70%) were applied:
0x, Vax, ¥2x, 1x, 2x, 4x, and 8x, where x represents
the field rate recommended by the manufacturer
(80.00 + 20.30 g ai ha™ of each herbicide,
respectively). Methylated soybean oil adjuvant
(Dash®) was added at 0.250 L ha™. Applications
were performed outdoors using a JACTO DBJ-20
boom sprayer and equipped with a JDF 04 flat-
fan nozzle, delivering 9 L ha™ spray volume and
operating at constant pressure. The treatments
were applied at post-emergence, when plants
reached the 10-leaf stage and approximately 6 cm
in height. After application, plants were returned
to the greenhouse.

Mortality was assessed visually at 30 DAT by
counting the surviving plants per pot. Survival
values were expressed as percentages relative to
the control (0x), which was considered 100%. The
experiment was conducted using a completely
randomized design with five replicates per
treatment and population. Data from survival
counts were subjected to analysis of variance
(ANOVA) in a “dose x population” arrangement.
When the interaction was significant, the SLICE
statement in SAS was used to partition and
examine simple effects within the levels of the
interacting factors. Survival data were then
analyzed using nonlinear regression by fitting
them to a three-parameter log-logistic dose—
response model (Equation 1) (Streibig et al., 1993):
Survival (%) = C+(D - C)/(1 + (x/LD,))")) ~ Equation 1
where Y is the survival percentage, C the lower
bound, D the upper bound, b the slope, and LDs
the dose producing 50% survival. Model fitting
was performed using PROC NLIN in SAS (SAS
Institute Inc., 2015). Goodness of fit was evaluated
by calculating the coefficient of determination
(R?) using GraphPad.

ALS gene sequencing

Leaves of five plants that survived an 8x dose of
imazapyr-imazamox of P, DB, and A populations,
and three untreated S plants were selected.
The total DNA was isolated from the leaves
following the method described by Doyle and
Doyle (1990) at Chacra Experimental Integrada
Barrow. DNA integrity and quantification were
spectrophotometrically determined.

Partial ALS gene amplification was
performed wusing the following primers:
5-TCCTCTTCATTTCGCAACCT-3' and
5-TCAACCATCGATACGAACAT-3". The PCR
reaction consisted of an initial denaturation at 95
°C for 3 min, followed by 45 cycles of 95 °C for
30 s, 55 °C for 45 s, and 72 °C for 2 min, with a
final extension at 72 °C for 8 min. The reaction
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mix included 300 ng DNA template, 1X reaction
buffer (Inbio Highway), 1.5 mM MgCl,, 0.8 mM
of dNTPs, 0.5 uM of each primer, and 1 U Taq
polymerase (Inbio Highway) in a 25 pL reaction
mix. A 1912-bp fragment encompassing 122,
197, 205, 376, 377, 574, 653, and 654 codons was
obtained as a single PCR product (Annex 1). It was
detected in agarose gel (1%) using DNA lambda/
hind III ladder (Inbio Highway) as marker (125-
to 23130-bp). The amplicons were purified and
sequenced from both ends by Macrogen Inc.
(Seoul, Korea). Chromatograms obtained were
viewed using Chromas v.2.6.4 (Technelysium
Pty Ltd, South Brisbane, Australia). The sequence
data were aligned and compared using Bioedit
v.7.2 (North Carolina State University, Raleigh,
USA).
RESULTS AND DISCUSSION

Fresh weight to 1-x
imazamox dose

The use of 1x doses significantly reduced
(p <0.05) the shoot fresh weight (FW, g plant) of
the susceptible population S (13.83%) compared
with the untreated control, 0x (100%). In contrast,
the putative resistant populations DB (42.77%)
and A (69.32%) did not differ from Ox. The P
population also showed no reduction; in fact, its
FW was markedly greater (160.76%) than that
of the control, suggesting a growth stimulation
response at the 1x imidazolinone rate (Fig.
1). Although no evidence supports a general
improvement in kochia performance following
herbicide field-rate application, numerous
studies confirm that the response to herbicide
treatment is highly population-specific. This is
attributed to the species” wide genetic diversity
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and the documented presence of multiple
and variable resistance mechanisms across
populations (Kumar et al., 2019; Dhanda et al.,
2024). For instance, Dhanda et al. (2024) reported
populations with differential resistance levels—
some surviving herbicide doses up to tenfold
higher than the recommended rate-depending
on their origin within the Southern Great Plains.
These findings indicate that responses to field
rates cannot be generalized across kochia and
highlight the importance of assessing resistance
and herbicide efficacy at the population level
rather than the species level. Such stimulation in
biomass could provide a competitive advantage to
resistant plants, potentially contributing to their
persistence and spread in the field. This behavior
could exacerbate the problem if producers
continue relying on Clearfield® technology for
kochia management.

Dose responses

The S population of kochia was very well
controlled at the half-recommended dose,
reaching 6.9% survival, but never achieved
complete control (1/4: 24.0%; 1/2: 6.9%; 1: 10.3%;
2:7.4%; 4: 6.9%; and 8: 13.8%). While the putative
resistant P population would have required
higher rates than those evaluated in this trial, 8x
barely reached a 50% mortality rate. Significantly
higher herbicide dose would be required to
control this population. The surviving plants
from the resistant populations completed their
cycle and produced viable offspring.

A significant “population x dose” interaction
was observed (p<0.05). Plants belonging to the
populations P, DB, and A survived doses of
imazapyr + imazamox > 1x (Imazapyr 80,00 +
Imazamox 20.30 g ai ha) (Fig. 2). Comparing the

50

S P

I

DB A

Population of kochia

Fig. 1. Shoot fresh weight (FW) expressed in % to control (0x) for each population of kochia (Bassia
scoparia) (Pellegrini, P; De Bary, DB; 30 de Agosto, A; and susceptible population, S).
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LD,, of imazapyr + imazamox (g ai ha") for each
biotype, the sensitivity of the populations was:
S (18.86 + 4.79) > DB (82.48 + 20.93) > A (179.36
+ 45.51) > P (550.88 + 139.79). In P population,
50% survival was achieved with a dose close to
the maximum one studied (8x = 640.00 + 162.40)
(Table 1; Fig. 3). Primiani et al. (1990) found that 4
g ha of imazapyr was required to inhibit growth
by 50% in a susceptible biotype, and 10 g ha™ for
the resistant biotype. Kochia has been shown to
have a high susceptibility to evolving resistance
to herbicides (Kumar et al., 2019). In Argentina,
populations resistant to herbicides had not yet
been detected. Although Clearfield technology
is often used in combination with residual pre-
emergent applications, it is widely used in
sunflower cultivation for weed management. The
resistance observed in this study to the imazapyr

-imazamox mixture confirms the challenges
reported by sunflower producers.

ALS gene sequencing

In the three resistant populations analyzed, a
single-point mutation from guanine to thymine
was detected in codon 574 of the ALS gene.
This transversion mutation implies a Trp-574-
Leu substitution in ALS as the source of the
phenotype in the imidazolinone-resistant plants
(Fig. 4). It is known that this mutation confers
resistance to imidazolinones and other ALS-
inhibitor herbicides of different chemical families
such as pyrimidinyl benzoates, triazolinones,
sulfonylureas, and triazolopyrimidine (Powles
and Yu, 2010; Deng et al., 2017; Nandula et al.,
2020). Various biotypes with AHAS mutations
have been reported in field populations of kochia

Table 1. Nonlinear regression parameters for survival (%) plants, p-value for model accuracy and the
goodness of fit (R?) were calculated in a dose-response trial for each population of kochia
(Bassia scoparia) (Pellegrini, P; De Bary, DB; 30 de Agosto, A; and susceptible population, S).

LD,
imazapyr+imazamox
Population C (%) D (%) (g ai ha?) b p-value R?
S 8.93 100.00 18.86 +4.79 33.83 <0.001 0.99
P 33.38 97.25 550.88 + 139.79 4.31 <0.001 0.97
DB 35.15 76.82 82.48 +20.93 17.91 <0.001 0.85
A 34.54 79.23 179.36 + 45.51 3.21 <0.05 0.85

The model fitted corresponded to: Survival (%) = C+((D - C)/(1 + (x/LD,)")).

150- ‘e Susceptible-S

# Resistant-P
4 Resistant-DB
© Resistant-A

100

Survival (%)
(4,
<

640+162.4

160+40.6 320+81.2

50 Doses of Imazapy+imazamox (g ai ha")

Fig. 2. Percentage survival plants of kochia (Bassia scoparia) at different doses of imazapyr +
imazamox (g ai ha). Symbols = Observed data. Lines = Estimated data. Pellegrini (P), De Bary
(DB), 30 de Agosto (A), Susceptible (S).



376 s; Chilean J. Agric. Anim. Sci., ex Agro-Ciencia (2025) 41(2):371-380.

0x Vix 254

: S (Susceptible) I

Yax

0x Vax

Fig. 3. Plants of kochia (Bassia scoparia) from the susceptible (S) and Pellegrini (P) populations, 30
days after treatment with the herbicide combination imazapyr + imazamox.

(Kumar et al., 2019). However, comparison of
sequences from susceptible and resistant plants
in these populations revealed no changes at
condons 122, 197, 205, 376, 377, 653, or 654.

The Trp-574-Leu mutation has been reported
in resistant kochia populations from western
Canada, where this allele is the most frequent
source of resistance to ALS-inhibitor herbicides
(Warwick et al.,, 2008; Beckie et al., 2011). No
penalties or little impact of Trp-574-Leu mutation
on kochia growth were found in Canadian kochia
populations (Légere et al., 2013). This allele was
also detected in B. scoparia populations from the
Czech Republic (Salava and Chodova, 2007).
These results represent the first report of the Trp-
574-Leu mutation in kochia populations from
South America.

The confirmation of imidazolinone resistance

in kochia poses a new challenge to sunflower
farmers. Literature indicates that kochia emerges
early at the end of winter, during the fallow
period, which represents a critical window for
implementing effective weed management in
fields intended for sunflower cultivation (Geddes
and Sharpe, 2022). Additionally, the extended
emergence pattern continuing into midsummer
demands prolonged and integrated control
strategies (Dille et al., 2017). Torbiak et al. (2021)
evaluated herbicide strategies for managing
kochia in spring wheat. Some herbicides that
proved effective in this study could be adapted for
the management of this species in sunflower fields.
During the fallow period, strategies based on tank
mixtures of fluroxypyr and 2,4-D, or fluroxypyr/
halauxifen combined with MCPA, applied at
the early-season peaks of kochia emergence,
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Fig. 4. Sequence and chromatograms of the ALS gene obtained from the imidazolinone-resistant
(upper panel) and -susceptible (lower panel) plants of kochia (Bassia scoparia) and the
conceptual translation of the amino acid sequence. The resistance-conferring 574 codon is

shown in the box.

are critical to prevent its establishment and
reduce seedbank replenishment. Furthermore,
the use of sulfentrazone in combination with
S-metolachlor (Reddy et al., 2012) as a residual
treatment could provide extended control, limit
subsequent flushes, and enhance the overall
effectiveness of the program. Combining these
chemical strategies with cultural and mechanical
practices would strengthen an integrated weed
management approach, improve long-term
control sustainability, and reduce the risk of
further herbicide resistance evolution.

In this context, it becomes critical to avoid the
exclusive use of ALS-inhibiting herbicides, which
are already compromised due to widespread
resistance. Instead, it is recommended to apply

residual herbicides effective against kochia, and
to use mixtures involving different modes of
action to reduce selection pressure. Monitoring of
late-emerging plants and control escapes is also
essential to prevent seedbank replenishment and
ensure the effectiveness of the overall program.

Moreover, the finding of the Trp-574-Leu
mutation that confers resistance to multiple
ALS-inhibiting herbicides presupposes broader
challenges in other crops that rely on this mode
of action. This highlights the need for continued
research into the biology of resistant kochia
populations, as well as the development of
diversified technologies and best management
practices to sustain sunflower yield and weed
control in the region.
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CONCLUSIONS

The evidence confirms the resistance to
imidazolinones in kochia collected in western
Buenos Aires Province. Our results are the first
case of evolved herbicide resistance in kochia in
Argentina. This study provides valuable insights
into the resistance of kochia to different herbicides,
including ALS inhibitors, which are not only
applicable to sunflower weed management.

Author contributions

Jorgelina C. Montoya participated actively
in bibliographic review, development of the
dose-response experiments, analysis of data and
discussion of results. Esteban E. Fabressi carried
out dose-response experiments and participated
in the bibliographic review. Marcos E. Yanniccari
carried out the molecular analysis, reviewed and
approved the final version of the article.

ACKNOWLEDGMENT

To Eugenia Niccia from the AAPRESID REM
Program, Alfonso Gonzalez and Pablo Bissolino
for contacting INTA (Argentina) and collecting
the seeds to carry out the study.

LITERATURE CITED

Beckie, H.J., S.I. Warwick, C.A. Sauder, C.
Lozinski and S. Shirriff. 2011. Occurrence and
molecular characterization of acetolactate
synthase (ALS) inhibitor-resistant kochia
(Kochia scoparia) in western Canada. Weed
Technology 25:170-175

Brignone, N. and S.S. Denham. 2021. Toward and
updated taxonomy of the South American
Chenopodiaceae I: subfamilies Betoideae,
Camphorosmoideae, and Salsoloideae.
Annals of the Missouri Botanical Garden
106:10-30.

Chodova, D. and J. Mikulka. 2001. Sensitivity of
kochia (Kochia scoparia [L.] Schrader) from
three localities to selected sulfonylureas,
imazapyr and atrazine. Plant Protection
Science 37:115-120.

Deng, W., Q. Yang, Y. Zhang, H. Jiao, Y. Mei, X. Li
and M. Zheng. 2017. Cross-resistance patterns
to acetolactate synthase (ALS)-inhibiting
herbicides of flixweed (Descurainia sophia
L.) conferred by different combinations of
ALS isozymes with a Pro-197-Thr mutation
or a novel Trp-574-Leu mutation. Pesticide
Biochemistry and Physiology 136:41-45.
https://doi.org/10.1016/j.pestbp.2016.08.006

Dhanda, S., V. Kumar, M. Manuchehri, M.
Bagavathiannan, P.A. Dotray, J.A. Dille,
A. Obour, E.A. Yeager, and ]. Holman.
2025. Multiple herbicide resistance among
kochia (Bassia scoparia) populations in the
southcentral Great Plains. Weed Science
73(e16): 1-10. doi: 10.1017/wsc.2024.88

Dille, J.A., P.W. Stahlman, J. Du, P.W. Geier, ].D.
Riffel, R.S. Currie, R.G. Wilson, G.M. Sbatella,
P. Westra, A.R. Kniss, M.]. Moechnig and
R.M. Cole. 2017. Kochia (Kochia scoparia)
emergence profiles and seed persistence
across the Central Great Plains. Weed
Science 65:614-625. https://doi.org/10.1017/
wsc.2017.18

Doyle, J. and L. Doyle. 1990. Isolation of plant
DNA from fresh tissue. Focus 12:13-15.

Durgan, B.,, A. Dexter and S. Miller. 1990.
Kochia (Kochia scoparia) interference in
sunflower  (Helianthus  annuus). Weed
Technology 4:52-56. https://doi.org/10.1017/
50890037x00024970

Friesen, L.F., H.]. Beckie, S.I. Warwick and R.C.
Van Acker. 2009. The biology of Canadian
weeds. 138. Kochia scoparia (L.) Schrad.
Canadian Journal of Plant Science 89:141-
167. https://doi.org/10.4141/CJPS08057

Geddes, CM. and S.M. Sharpe. 2022. Crop
yield losses due to kochia (Bassia scoparia)
interference. Crop Protection 157:105981.
https://doi.org/10.1016/j.cropro.2022.105981

Grabowska, K., W. Buzdygan, A. Galanty, D.
Wrobel-Biedrawa, D. Sobolewska and
I. Podolak. 2023. Current knowledge
on genus Bassin All: a comprehensive
review on traditional use, phytochemistry,
pharmacological activity, and nonmedical
applications.  Phytochemistry =~ Reviews
22:1197-1246. https://doi.org/10.1007/s11101-
023-09864-1

Heap, 1. 2025. The International Herbicide-
Resistant ~ Weed Database. Online.
Thursday, January 2, 2025. Available: www.
weedscience.org

Kadereit, G. and H. Freitag. 2011. Molecular
phylogeny of Camphorosmeae
(Camphorosmoideae, Chenopodiaceae):
implications for biogeography, evolution
of C4-photosynthesis and taxonomy. Taxon
60:51-78. https://doi.org/10.1002/tax.601006

Kumar, V., P. Jha, M. Jugulam, R. Yadav and
P.W. Stahlman. 2019. Herbicide-resistant
kochia (Bassia scoparia) in North America: a
review. Weed Science 67:4-15. https://doi.
org/10.1017/wsc.2018.72



First report of imidazolinone-resistant Bassia scoparia in Argentina 379

Légere, A., F.C. Stevenson, H.J. Beckie, S.I.
Warwick, E.N. Johnson, B. Hrynewich and
C. Lozinski. 2013. Growth characterization
of kochia (Kochia scoparia) with substitutions
at Pro197 or Trp574 conferring resistance to
acetolactate synthase—inhibiting herbicides.
Weed Science 61:267-276

Lewis, D.W. and R.H. Gulden. 2014. Effect of
kochia (Kochia scoparia) interference on
sunflower (Helianthus annuus) yield. Weed
Science 62:158-165.

Marzocca, A. 1993. Manual de malezas. Editorial
Hemisferio Sur SA. Buenos Aires, Argentina.
684 pp.

Montes, C.D., ].C. Montoya and A.E. Corré Molas.
2024. Malezas bajo la lupa: situacion actual
en el drea de influencia de la EEA Anguil del
INTA. Malezas 11:34-42.

Nandula, V.K., D.A. Giacomini and J.D. Ray. 2020.
Resistance to acetolactate synthase inhibitors
is due to a W574 to L amino acid substitution
in the ALS gene of redroot pigweed and tall
waterhemp. PLoS One 15:e0235394.

Oreja, F.H., N. Moreno, P.E. Gundel, R.B.
Vercellino, C.E. Pandolfo, A. Presotto, V.
Perotti, H. Permingeat, D. Tuesca, J.A.
Scursoni, I. Dellaferrera, E. Cortes, M.
Yanniccari and M. Vila-Aiub. 2024. Herbicide-
resistant weeds from dryland agriculture in
Argentina. Weed Research 64:89-106. https://
doi.org/10.1111/wre.12613

Powles, S.B. and Q. Yu. 2010. Evolution in action:
plants resistant to herbicides. Annual Review
of Plant Biology 61:317-347. https://doi.
org/10.1146/annurev-arplant-042809-112119

Primiani, M.M., ]J.C. Cotterman and L.L. Saari.
1990. Resistance of kochia (Kochia scoparia) to
sulfonylurea and imidazolinone herbicides.
Weed Technology 4:169-172. https://doi.
org/10.1017/S0890037x00025185

Reddy, S.S., P.W. Stahlman, P.W. Geier, C.R.
and Thompson. 2012. Weed control and
crop safety with premixed s-metolachlor
and sulfentrazone in sunflower. American
Journal of Plant Science 3:1625-1631.
doi:10.4236/ajps.2012.311197.

RETAA. 2020. Relevamiento de tecnologia
agricola aplicada. Informe mensual. Girasol
N¢ 34. 29 de julio de 2020. https://www.
bolsadecereales.com/imagenes/retaa/2020-
07/209-retaamensualn%C2%BA34-girasol19.
pdf

Salava, J. and D. Chodova. 2007. The present state
of herbicide resistance of weed populations
in the Czech Republic. Journal of Plant
Protection Research 47:437-444.

SAS Institute Inc. 2015. SAS/IML® 14.1 User’s
Guide. Cary, NC: SAS Institute Inc.

Streibig, ].C., M. Rudemo and J.E. Jensen. 1993.
Dose-response curves and statistical models.
In: Streibig, J.C., Kudsk, P. (Eds.), Herbicide
Bioassays. CRC Press, Boca Raton. p. 29-55.

Sukhorukov, A.P., Z. Wen, A.A. Krinitsina, A.V.
Fedorova, F. Verloove, M. Kushunina, J.F.
Léger, M. Chambouleyron, A. Tanji and A.N.
Sennikov. 2025. A revised taxonomy of the
Bassia scoparia complex (Camphorosmoideae,
Amaranthaceae s.l) with an updated
distribution of B. indica in the Mediterranean
region. Plants 14:398. https://doi.org/10.3390/
plants14030398

Tan, S., R.R. Evans, M.L. Dahmer, B.K. Singh and
D.L. Shaner. 2005. Imidazolinone-tolerant
crops: history, current status and future. Pest
Management Science 61:246-257.

Torbiak, A.T., R.E. Blackshaw, R.N. Brandt, B.
Hamman and Ch.M. Geddes. 2021. Herbicide
strategies for managing glyphosate-resistant
and -susceptible kochia (Bassia scoparia) in
spring wheat. Canadian Journal of Plant
Science 101:607-620 dx.doi.org/10.1139/cjps-
2020-0303

Warwick, SI, R. Xu, C. Sauder and H.J.
Beckie. 2008. Acetolactate synthase target-
site.  mutations and single nucleotide
polymorphism genotyping in ALS-resistant
kochia (Kochia scoparia). Weed Science
56:797-806. doi: 10.1614/WS-08-045.1



380 $ Chilean J. Agric. Anim. Sci., ex Agro-Ciencia (2025) 41(2):371-380.

Annext 1. Ampliacions (1912-bp) obtained from plants of kochia (Bassia scoparia) that survived to an
8x dose of imazapyr-imazamox of P (1 and 2), DB (3 and 4) and A (5 and 6) populations, and
untreated S plants (7, 8 and 9). A DNA lambda/hind III ladder (Inbio Highway) as marker
(125- to 23130-bp) (M).
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