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Introduction:

Cowherb (Vaccaria pyramidata Medik.) is among the most problematic broadleaf weeds in wheat
fields, capable of causing substantial yield losses. This dicotyledonous annual species from the
Caryophyllaceae family reproduces exclusively by seed, and its growth cycle closely parallels that
of wheat; consequently, seed maturation occurs near the time of wheat harvest. In most wheat-
growing regions, acetolactate synthase (ALS)-inhibiting herbicides, particularly tribenuron-
methyl, constitute the primary control strategy for this weed. However, in recent years, farmers in
western Kermanshah Province have increasingly reported inadequate control, suggesting the
evolution of herbicide resistance. This study aimed to assess the resistance status of V. pyramidata
populations to tribenuron-methyl in wheat fields of western Kermanshah Province and to identify
effective alternative herbicides for its management.

Materials and Methods:

To evaluate potential resistance, seeds were collected from 14 wheat fields in West Gilan County,
Kermanshah Province, each with a long history of tribenuron-methyl application and documented
control failures. A susceptible biotype was collected from fields with no prior exposure to this
herbicide. A greenhouse experiment was conducted at the Agricultural Campus of the University
of Tehran in 2022. Susceptible and putative resistant biotypes were treated with tribenuron-methyl
at 0, 5, 10, 15, 20, 40, 80, 160, 320, and 640 g/ha (recommended rate: 20 g/ha). To identify
herbicidal alternatives, the following products were applied at recommended rates: 2,4-D +
MCPA, bromoxynil + MCPA (Bromicide), bromoxynil + 2,4-D (Buctril Universal), bentazone +
dichlorprop (Basagran DP), mesosulfuron + iodosulfuron + diflufenican (Othello), sulfosulfuron
(Apirus), mesosulfuron + iodosulfuron (Atlantis), and triasulfuron + dicamba (Lintor). Resistant
and susceptible biotypes were compared through standardized screening assays.

Results and Discussion:

Among the 14 collected populations, two (R1 and R2) exhibited a high level of resistance to
tribenuron-methyl, with resistance indices of 44.23 and 61.3, respectively. Despite this, all
resistant and susceptible populations remained highly sensitive to Bromicide, Buctril Universal,
Basagran DP, Othello, and 2,4-D + MCPA. The resistant populations displayed partial
susceptibility to Atlantis (36.38% and 25.45%), and Lintor (68.41% and 70.28%). Furthermore,
the dry-weight reductions observed in the R1 and R2 biotypes following treatment with Lintor
(68.41% and 70.28%) and Lontrel (50.59% and 23.49%), Apirus (14.48% and 12.97% control),
indicate the potential presence of multiple resistance, involving resistance to two or more herbicide
modes of action.

Conclusion:

Herbicides with alternative modes of action—particularly Bromicide, Buctril Universal, Basagran
DP, and 2,4-D + MCPA—were highly effective against Cowherb and represent suitable tools for
managing tribenuron-methyl-resistant populations. The findings highlight the importance of
herbicide rotation and integrated weed management strategies to mitigate the spread and impact
of ALS-resistant V. pyramidata in wheat production systems.
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dual-purpose dose kg or lit ha™  time
2,4-D +MCPA U46 combi fluid Broadleaf Killer Synthetic auxin and 67.5% SL 1-1.5 2to4
leaves
Bromoxynil+ MCPA Bromicide Broadleaf Killer PSII inhibitor and synthetic auxin 40% EC 1.5 2to4
leaves
Bromoxynil + 2,4D Boctrile Broadleaf Killer PSII inhibitor synthetic auxin and 56% EC 1.25-15 2to4
leaves
Triasulfuron+ dicamba Linitor Broadleaf Killer ALS inhibitor Synthetic auxin 70% WG 0.165 2to4
leaves
Clopyralid Lontrel Broadleaf Killer Acid Pyridinecarboxylic 30%SL 0.6-0.8 2to4
leaves
Mesosulfuron+ lodosulfuron Atlantis dual-purpose ALS inhibitor 1.2% OD 1.5-2 2to4
leaves
Mesosulfuron + Iodosulfuron + Othello dual-purpose ALS inhibitor 8.25% OD 1.6 2to4
Diflufenican leaves
Sulfosulfuron+ *Gate* Golden oil Apiros dual-purpose ALS inhibitor 75% WG 0.026 + 1 2to4
leaves
Bentason+Dicloprop Basagran DP Broadleaf Killer PSII inhibitor and synthetic auxin 56.6% SL 56.6 2 2 to 4 leaves
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