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Abstract

Ambrosia artemisiifolia L. is one of the most problematic invasive weed species in Europe due to its high
competitiveness, prolific seed production, and negative effects on both agriculture and public health. Its control is
particularly important on wheat stubble, where surviving plants may replenish the soil seed bank and increase
infestation pressure in subsequent crops. This study evaluated the post-emergence efficacy of selected herbicidal active
substances, with particular emphasis on halauxifen-methyl applied alone and in mixtures, against A. artemisiifolia and
associated broadleaf weeds under field conditions in western Romania. Seven herbicide treatments and an untreated
control were tested, and weed control was visually assessed at 21 and 42 days after application. Halauxifen-methyl
applied alone showed moderate efficacy, with mean control values of 67.5% and 72.9%, whereas mixtures performed
better, particularly fluroxypyr-meptyl + halauxifen-methyl + triclopyr-butoxyethyl, with 89.2% and 95.8%, and
clopyralid + halauxifen-methyl, with 85.4% and 88.8%. Glyphosate-isopropylammonium provided the highest
efficacy, reaching 97.5% and 100%. These findings indicate that halauxifen-methyl is more effective in mixtures than

alone and support the use of herbicide combinations for more reliable and sustainable ragweed management on wheat
stubble.

Keywords: Ambrosia artemisiifolia, halauxifen-methyl, herbicide mixtures, wheat stubble, weed control

1. Introduction’ of this species is important not only for crop

protection, but also for integrated land management
Ambrosia artemisiifolia L. is one of the most and the reduction of future infestation pressure [1,
problematic invasive weed species in Europe 4]. The control of 4. artemisiifolia remains difficult
because of its strong competitiveness, high because the species is highly adaptable and
reproductive potential, and major impact on public maintains  persistent  populations  through
health through the production of highly allergenic continuous seed production [2]. Mechanical and
pollen [1, 2]. In agricultural systems, it is especially physical methods may reduce aboveground
harmful in spring-sown crops, where infestations biomass, but their success depends strongly on the
may cause substantial yield losses, while the timing of intervention, with the best results
persistence of its seeds in the soil makes long-term obtained when control measures are implemented
suppression particularly difficult [3]. These before flowering and seed set [4]. For this reason,
characteristics show why the effective management effective suppression requires integrated weed
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management strategies that combine chemical,
mechanical, cultural, and preventive measures [1,
3]

Post-harvest stubble fields represent a particularly
important stage in ragweed management. In the
absence of timely intervention, A. artemisiifolia
and other broadleaf weeds may continue to emerge
and develop during intercrop periods, accumulate
biomass, complete reproduction, and replenish the
soil seed bank, thereby increasing infestation
pressure in the following crop [1, 2]. Studies on
post-harvest weed management have shown that
interventions applied on wheat stubble may
influence weed populations not only in the short
term, but also in subsequent crops by limiting seed
return to the soil and reducing the carry-over of
infestation from one season to the next [5, 6].
Likewise, research on stubble tillage has
emphasized that post-harvest practices may
contribute to weed suppression and seedbank
depletion, although their effects may vary
according to weed species, weed biology, and
environmental conditions [7, 8]. Under these
circumstances, wheat stubble should be regarded
not merely as a post-harvest residue stage, but as a
strategic point of intervention in integrated weed

management.
Chemical control therefore remains one of the main
practical tools for ragweed suppression in

agricultural and stubble situations. Recent reviews
emphasize that herbicide choice, dose, application
timing, and the use of mixtures with different
modes of action are critical both for efficacy and
for resistance management [3, 4]. Continuous
reliance on a single herbicide strategy increases the
risk of resistance development, which is already
recognized in ragweed populations [4].
Consequently, herbicide mixtures with
complementary modes of action are increasingly
important in practical weed management,
particularly when infestations are mixed and
sustained control is required.

Within this context, halauxifen-methyl is of
particular interest because it is a novel synthetic
auxin herbicide from the arylpicolinate family with
strong activity on broadleaf weeds and good
compatibility in tank mixtures [9, 10]. Previous
studies have shown that halauxifen-methyl can

132

provide high control of 4. artemisiifolia and that its
efficacy and weed control spectrum may be
improved when combined with herbicides such as
2,4-D, dicamba, or glyphosate [9]. This is
especially relevant under mixed infestations, where
broader spectrum activity and more consistent
control are required. In addition, the herbicidal
activity of halauxifen-methyl is associated with
disruption of auxin homeostasis and the induction
of downstream physiological responses leading to
senescence and plant death, which further supports
its relevance as a modern tool for broadleaf weed
management [10]. At the same time, glyphosate
remains an important reference treatment because
of its total herbicidal activity and its widely
recognized efficacy in stubble situations [4, 5, 8].
However, although glyphosate may provide very
high control, integrated weed management requires
selective and diversified alternatives that reduce
exclusive dependence on total herbicides.

Despite the recognized importance of post-harvest
stubble management, fewer studies have addressed
the efficacy of selective post-emergence herbicide
combinations against A. artemisiifolia on wheat
stubble under field conditions, particularly
combinations based on halauxifen-methyl and
evaluated in comparison with glyphosate. This gap
is relevant because cereal stubbles can promote
weed regrowth, seed production, and renewed
infestation in crop rotations [5, 6, 7]. Effective
herbicide application on wheat stubble may
therefore have value beyond immediate weed
suppression, by reducing seed return to the soil,
limiting replenishment of the seed bank, and
lowering weed pressure in the following crop.

The aim of the present study was to evaluate the
post-emergence efficacy of selected herbicidal
active substances applied on wheat stubble against
A. artemisiifolia and associated broadleaf weed
species under field conditions. Particular attention
was given to halauxifen-methyl applied alone and
in mixtures, in order to assess the added value of
herbicide combinations and to compare their
performance with glyphosate as a total herbicide.
The study also sought to clarify the practical value
of these treatments for ragweed management on
wheat stubble and their role in integrated weed
management strategies.
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2. Materials and methods

2.1. Description of the Experimental Area

The field experiment was conducted in 2025 in
Birda, Timis County, western Romania, at
45.427919° N and 21.325315° E, on a stubble field
remaining after wheat harvest. The study was
designed to evaluate the post-emergence efficacy
of selected herbicidal active substances against 4.
artemisiifolia and associated broadleaf weed
species under field conditions.

The soil at the experimental site was classified as
clay loam with good drainage. Its texture was
characterized by 45% sand, 24% silt, and 31% clay.
The soil pH was 5.24, and the organic matter

content reached 7.1%. At the time of application,
the soil was recorded as dry.

The experimental area showed a natural infestation
of broadleaf weeds, dominated by Ambrosia
artemisiifolia,  alongside  Cirsium  arvense,
Polygonum  aviculare L., and  Xanthium
strumarium L. The experiment was carried out
following a randomized complete block design,
with three replications per treatment. Each
experimental plot measured 21 m? (3 m X 7 m). No
additional phytosanitary treatments were applied
during the vegetation period, allowing for an
unbiased evaluation of the herbicide effects under
field conditions.

Table 1. The applied treatments, including treatment number, active ingredients, their dosage and unit of

measurement.

Treatment Active ingredient Rate Unit
T1 Clopyralid + Florasulam + Fluroxypyr-meptyl 1.5 L/ha
T2 Clopyralid + Florasulam + Fluroxypyr-meptyl 2.0 L/ha
T3 Halauxifen-methyl 1.0 L/ha
T4 Fluroxypyr-meptyl + Halauxifen-methyl + Triclopyr butoxyethyl 1.5 L/ha
T5 Glyphosate-isopropylammonium 6.0 L/ha
T6 Fluroxypyr-meptyl 0.54 L/ha
T7 Clopyralid + Halauxifen-methyl 1.0 L/ha
T8 UNTREATED CONTROL - -

2.2. Herbicide Treatments

The field trial included eight treatment variants,
consisting of seven herbicide treatments and one
untreated weedy control. All treatments were
applied at the recommended field rates.

The evaluated herbicide treatments are presented in
Table 1: clopyralid + florasulam + fluroxypyr-
meptyl at 1.5 L ha™'; clopyralid + florasulam +
fluroxypyr-meptyl at 2.0 L ha™'; halauxifen-methyl
at 1.0 L ha™'; a three-way mixture based on
fluroxypyr-meptyl +  halauxifen-methyl +
triclopyr-butoxyethyl, applied at 1.5 L ha’;
glyphosate-isopropylammonium at 6.0 L ha™;
fluroxypyr-meptyl at 0.54 L ha™; and clopyralid +
halauxifen-methyl at 1.0 L ha™'. An untreated
control was included in order to provide a reference
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for the natural development of the weed infestation
under field conditions.

All herbicide treatments were applied post-
emergence on 27 July 2025. Applications were
performed using a portable backpack sprayer
equipped with flat-fan nozzles, type IDK 120-02,
with a nozzle spacing of 50 cm and a working width
of 300 cm. The sprayer was calibrated to deliver
250 L ha™ at a pressure of 2.6 bar, and the
application was carried out at a constant walking
speed of approximately 0.99 m s'. At the time of
spraying, air temperature ranged from 23.5 to 24.2
°C, relative humidity from 44.3 to 45.9%, and wind
speed from 0.3 to 0.7 m s™', under north-west wind
direction. All treatments were applied in a single
pass under favorable field conditions.
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2.3. Assessments

Weed control efficacy was evaluated visually
according to EPPO recommendations [11]. The
assessments targeted A. artemisiifolia as the main
species of interest, together with the accompanying
weed flora represented by C. arvense, P. aviculare,
and X. strumarium. Observations were recorded on
17 August 2025 and 7 September 2025,
corresponding to 21 and 42 days after application
(DAA).

Herbicide efficacy was expressed as percentage
control using a visual rating scale from 0 to 100,
where 0% represented no visible effect and 100%
represented complete control. This assessment
approach allowed the comparison of treatment
performance in terms of both initial activity and
persistence of weed control over time.

3. Results and discussion
The tested herbicide treatments differed clearly in

weed control efficacy under field conditions, both
among active substances and between assessment

times. The untreated control confirmed the
persistence of the weed infestation throughout the
experimental period, whereas the treated variants
showed variable levels of control depending on
herbicide composition and weed species. As shown
in Table 2, treatment efficacy generally increased
from 21 to 42 days after application, indicating a
progressive expression of herbicidal activity and
adequate persistence of most active substance
combinations under the environmental conditions
of the study. Mean efficacy increased from 82.1%
to 91.7% for clopyralid + florasulam + fluroxypyr-
meptyl at 1.5 L ha™', from 90.4% to 96.2% for the
same mixture at 2.0 L ha™!, from 67.5% to 72.9%
for halauxifen-methyl alone, from 89.2% to 95.8%
for fluroxypyr-meptyl + halauxifen-methyl +
triclopyr-butoxyethyl, from 78.8% to 84.2% for
fluroxypyr-meptyl alone, from 85.4% to 88.8% for
clopyralid + halauxifen-methyl, and from 97.5% to
100% for glyphosate-isopropylammonium. These
results indicate that both herbicide composition and
persistence over time played an important role in
treatment performance.

Table 2. Mean efficacy (%) of the tested herbicide treatments at 21 and 42 days after application.

Treatment A. artemisiifolia C. arvense P. aviculare X. strumarium
21DAA 42DAA | 21DAA 42DAA 21 DAA 42DAA 21 DAA 42DAA
T1 78.33 88.33 85.00 96.67 73.33 81.67 91.67 100.00
T2 86.67 95.00 93.33 100.00 81.67 90.00 100.00 100.00
T3 83.33 93.33 63.33 70.00 43.33 36.67 80.00 91.67
T4 86.67 93.33 91.67 100.00 81.67 90.00 96.67 100.00
T5 95.00 100.00 100.00 100.00 95.00 100.00 100.00 100.00
T6 75.00 81.67 71.67 78.33 73.33 76.67 95.00 100.00
T7 86.67 95.00 93.33 100.00 63.33 60.00 98.33 100.00

Glyphosate-isopropylammonium applied at 6.0 L
ha™* provided the highest and most consistent level
of control across all assessed weed species and both
observation dates, with a mean efficacy of 97.5%
at 21 DAA and 100% at 42 DAA. This treatment
achieved near-complete or complete suppression of
Ambrosia  artemisiifolia, Cirsium  arvense,
Polygonum aviculare, and Xanthium strumarium,
confirming its broad-spectrum and strong post-
emergence activity under the field conditions of the
study. This finding is consistent with the broad-
spectrum activity of glyphosate and with earlier
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reports that post-harvest applications in wheat
stubble can provide very effective weed
suppression and reduce infestation pressure in the
following crop when timed appropriately [4, 5]. At
the same time, although glyphosate remains an
effective reference treatment, its non-selective
nature underlines the practical need for selective
alternatives capable of providing high control
without exclusive reliance on total herbicides [5].
Among the selective treatments, clopyralid +
halauxifen-methyl also maintained good activity at
42 DAA, with mean efficacy increasing from
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85.4% to 88.8%. By contrast, halauxifen-melthyl
alone performed less consistently under the
conditions of this study, reaching only 67.5% at 21
DAA and 72.9% at 42 DAA.

Figure 1 highlights the changes in efficacy against
A. artemisiifolia between the two evaluation dates.
The highest control was recorded for glyphosate-
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isopropylammonium, while the best selective
treatments were clopyralid + florasulam +
fluroxypyr-meptyl at 2.0 L ha™, fluroxypyr-meptyl
+ halauxifen-methyl + triclopyr-butoxyethyl, and
clopyralid + halauxifen-methyl. By contrast,
halauxifen-methyl alone showed lower and less
stable efficacy.
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Figure 1. Mean efficacy of herbicide treatments against Ambrosia artemisiifolia at 21 and 42 days after application.

Very good efficacy was also recorded for
clopyralid + florasulam + fluroxypyr-meptyl
applied at 2.0 L ha™', with mean values of 90.4% at
21 DAA and 96.2% at 42 DAA, and for clopyralid
+ halauxifen-methyl applied at 1.0 L ha™', with
mean values of 85.4% and 88.8%, respectively.
Both treatments combined a rapid initial effect with
good persistence until the second evaluation date,
which suggests that these mixtures were able to
maintain biologically relevant activity during the
entire assessment period. The lower dose of
clopyralid + florasulam + fluroxypyr-meptyl,
applied at 1.5 L ha?!, also provided good
suppression, with mean efficacy values of 82.1%
and 91.7%, although its performance remained
slightly lower than that of the higher dose. This
difference suggests a dose-dependent response,
especially under conditions of moderate to high
weed pressure, and supports the idea that dose
optimization remains important when high and
stable control is required [3, 4].
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A similarly favorable response was observed for
fluroxypyr-meptyl ~+  halauxifen-methyl  +
triclopyr-butoxyethyl, which achieved mean
efficacy values of 89.2% at 21 DAA and 95.8% at
42 DAA. This result highlights the value of
herbicide combinations with complementary
modes of action in mixed broadleaf infestations [3,
4]. The present findings are in agreement with
previous research showing that halauxifen-methyl
generally performs better in mixtures than when
applied alone, especially when broader weed
spectra must be controlled. Zimmer et al. reported
that halauxifen-methyl alone controlled common
ragweed well, but that mixtures with 2,4-D,
dicamba, or glyphosate broadened weed control
and improved efficacy on more difficult species
such as giant ragweed and redroot pigweed.
Therefore, the good performance of halauxifen-
methyl based mixtures in the present study is
consistent with the wider body of evidence
supporting the agronomic value of combination
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treatments [9]. By contrast, halauxifen-methyl
applied alone showed only intermediate efficacy,
with mean values of 67.5% at 21 DAA and 72.9%
at 42 DAA. Although this treatment expressed
visible activity against broadleaf weeds, its control
level remained clearly lower than that of the more
complex mixtures. Under the conditions of this
experiment, halauxifen-methyl alone was therefore
insufficient to provide the consistency required for
reliable practical control of the target infestation.
This result does not diminish the value of
halauxifen-methyl as an active substance, but
rather emphasizes that its greatest practical strength
lies in combination with other herbicides. This
interpretation also agrees with the literature, which
indicates that the weed control spectrum of
halauxifen-methyl is limited when used alone and
that mixtures are often needed to widen its practical
activity [9, 10].

Fluroxypyr-meptyl alone showed the weakest
performance among the herbicide treatments
retained in the analysis, with mean efficacy values
of 78.8% at 21 DAA and 84.2% at 42 DAA.
Although it provided visible suppression, its
efficacy remained lower and less stable than that of
the mixtures. This suggests that under natural
infestations  involving  several problematic
broadleaf species, a single active substance with a
narrower spectrum may not be sufficient to ensure
sustained post-emergence control. Taken together,
the weaker performance of halauxifen-methyl
alone and fluroxypyr-meptyl alone supports the
agronomic  principle that mixtures with
complementary modes of action are better suited to
mixed infestations requiring prolonged suppression

[3, 4].
The assessment by weed species further
emphasized these differences in treatment

performance. X. strumarium was among the most
responsive species, being effectively controlled by
most herbicide treatments, especially by
glyphosate-isopropylammonium and the mixtures
containing clopyralid or florasulam.

A. artemisiifolia, the main target species, was also
well controlled by the best-performing treatments,
particularly glyphosate-isopropylammonium,
clopyralid + florasulam + fluroxypyr-meptyl at the
higher dose, and clopyralid + halauxifen-methyl.
For these treatments, mean efficacy values ranged
from 85.4% to 97.5% at 21 DAA and from 88.8%
to 100% at 42 DAA. These values confirm that
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selective mixtures can provide control levels that
approach those of total herbicides, at least under the
specific infestation conditions of the present
experiment.

P. aviculare proved more difficult to control and
better differentiated treatment performance. Lower
and less stable efficacy values were associated
mainly with the simpler herbicide treatments,
whereas the more complex mixtures and
glyphosate provided clearly superior suppression.
C. arvense also showed variable sensitivity, with
the best results obtained in treatments containing
multiple active substances or broader-spectrum
activity.  This  species-level  variation is
agronomically important because it illustrates that
treatment ranking depends not only on the main
target species, but also on the associated weed
community. In practical terms, this means that
treatment selection on wheat stubble should
consider the full infestation spectrum, not only the
abundance of A. artemisiifolia [3, 4].

The comparison between the two assessment dates
showed that most effective treatments either
maintained or improved their control level from 21
to 42 DAA. The increase between the two
evaluations was 9.6 percentage points for
clopyralid + florasulam + fluroxypyr-meptyl at 1.5
L ha™, 5.8 points for the same mixture at 2.0 L ha™",
5.4 points for halauxifen-methyl alone, 6.6 points
for fluroxypyr-meptyl + halauxifen-methyl +
triclopyr-butoxyethyl, 5.4 points for fluroxypyr-
meptyl alone, 3.4 points for clopyralid +
halauxifen-methyl, and 2.5 points for glyphosate-
isopropylammonium.  This trend indicates
sustained herbicide action and suggests that the
better-performing treatments not only acted
rapidly, but also retained sufficient activity over
time to prevent meaningful weed recovery. Such
persistence is particularly relevant in post-harvest
situations, where surviving plants may still produce
biomass and seeds if control is incomplete or short-
lived [2, 3, 5].

Overall, the most effective treatments were
glyphosate-isopropylammonium, clopyralid +
florasulam + fluroxypyr-meptyl at 2.0 L ha™, and
clopyralid + halauxifen-methyl at 1.0 L ha™'. These
variants provided the most consistent control of A.
artemisiifolia and the associated broadleaf weed
flora, and therefore represented the best-
performing options under the conditions of this
study. From a practical perspective, the results
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support two main conclusions. First, halauxifen-
methyl applied alone was not sufficient to ensure
consistently high control on wheat stubble. Second,
its inclusion in mixtures clearly improved efficacy
and persistence, which supports the use of
halauxifen-methyl-based combinations as part of
integrated weed management strategies aimed at
reducing seed return and limiting future infestation
pressure. Although the present study was
conducted in a single location and season, future
research should wvalidate these findings across
multiple years, environments, and weed pressure
levels, and should also assess the effects of these
herbicide strategies on seed production and soil
seedbank dynamics. Such information would
clarify whether the short-term efficacy observed
here translates into a meaningful long-term
reduction in ragweed infestations within crop
rotations, which is essential for integrated weed
management [6, 7, 8]. This perspective is also
supported by previous studies on wheat stubble
management that emphasized the importance of
longer-term evaluation of post-harvest weed
control strategies [5].
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