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The emergence of herbicide resistance in weeds is one of the factors threatening food
security and is currently one of the biggest threats to cereal production in Iran and many
other regions of the world. To this end, a study was conducted in 2022 at the University
of Kurdistan to investigate the resistance of this weed to common herbicides on 38
populations of suspected-resistant Galium aparine collected from irrigated wheat fields in
western Iran, including Kamyaran, Dehgolan, Saqgez, Sanandaj, llam, and Kermanshah.
After breaking seed dormancy, the reaction of the seeds to the recommended doses of the
herbicides 2,4-D and tribenuron-methyl (Granstar) was examined. Then, in two
experiments: a) dose-response under the influence of eight doses of the herbicides 2,4-D
and tribenuron-methyl, and b) cross-resistance using eight registered herbicides for wheat
fields, the studies were conducted. The initial screening results showed that none of the
collected populations resisted tribenuron-methyl. Four populations of G. aparine collected
from fields in different counties were resistant to the herbicide 2,4-D. The results from
examining the effect of other herbicides used in wheat on the 2,4-D-resistant populations
showed that they were significantly more sensitive to the two herbicides
mesosulfuron+iodosulfuron and metsulfuron + sulfosulfuron, indicating the presence of
negative cross-resistance in these populations. One of the reasons for the presence of
negative cross-resistance in the 2,4-D-resistant populations is their significantly lower
fitness compared to the sensitive populations. This particular characteristic can be used to
manage 2,4-D-resistant weeds by alternating the use of the two herbicides
mesosulfuron+iodosulfuron and metsulfuron+sulfosulfuron.
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Table 1. Collected populations of suspected resistance in Galium aparine.

No. of population

Population Code City collected Region
1 lla-R1 llam 1 llam
2 San-R1 Sanandaj 2 Sanandaj-Sanandaj
3 Deh-R1 Dehgolan 2 Dehgolan-Dehgolan
4 Sag-R1 Sagez 1 Saqez
5 Kam-R1 Kamyaran 3 Kilegolan- Ramsht- Mochesh
6 Kam-R2 Kamyaran 2 Paniran- Cyanav
7 Kam-R3 Kamyaran 3 Wormhang- Alak- Wormhang
8 Kam-R4 Kamyaran 2 Sarcham-Marab
9 Kam-R5 Kamyaran 2 Karegel- Kore dareh
10 Kam-R6 Kamyaran 4 Ahangaran - Mavian - Kobagar - Mavians
11 Kam-R7 Kamyaran 2 Tobre riz— Tobre riz
12 Kam-R8 Kamyaran 1 Kashtar
13 Kam-R9 Kamyaran 2 Gashki
14 Kam-R10 Kamyaran 2 Shahini- Kavaneh
15 Kam-R11 Kamyaran 3 Byar-Bakhle-Towankash
16 Kam-R12 Kamyaran 4 Aliabad - Khanemabad - Zarinjob - Zarinjob
17 Kam-R13 Kamyaran 1 Hajishure
18 Kam-S Kamyaran 1 Useder

Total 38
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Table 2. Herbicides used in the cross-resistance experiment.

Common name Trade name Single-purpose or Mode of action Formulation Recommended
dual-purpose dose kg hat
2,4-D +MCPA U46 combi fluid  Broadleaf Killer Synthetic auxin and 67.5% SL 1-1.5
Bromoxynil+ MCPA Bromicide Broadleaf Killer PSII inhibitor  40% EC 15
synthetic auxin and
3 Bromoxynil+ 2,4D Boctrile Broadleaf Killer PSII inhibitor 56% EC 1.25-1.5
synthetic auxin and
4 Triasulfuron+ dicamba Linitor Broadleaf Killer ALS inhibitor  70% WG 0.016
Synthetic auxin
5  Metsulfurun+ Total dual-purpose ALS inhibitor 80%WG 0.04-0.05
sulfosulfuron
6  Mesosulfuron+ Atlantis dual-purpose ALS inhibitor 1.2% OD 1.5-2
lodosulfsron
7 Mesosulfuron+ Othello dual-purpose ALS inhibitor 8.25% OD 1.6
lodosulfsron+
Diflufenican
8  Sulfosulfuron+ *Gate*  Apyros dual-purpose ALS inhibitor 75% WG 0.026 + 1
Golden oil
xGolden Gate oil was used to mix and have a better effect on the herbicide in the sprayer.
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Table 3. Estimated parameters of the dry weight of resistant stands obtained from fitting the four-parameter logistic

function in the dose-response test with 2,4-D herbicide.

Abbreviation of population Min Max Hillslope ECso (ds/m*)
San-R1 -3.81 100.96 1.06 282.57
Kam-R1 -11.77 100.74 0.97 590.40
Kam-R3 -8.83 98.78 1.09 552.32
Kam-R7 -4.02 99.88 1.02 125.46
* Decisiemens per meter
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Figure 1. The effect of different doses of 2,4-D herbicide on the dry biomass of resistant populations of G. aparine during

four weeks of measurement.
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Figure 2. The effect of different doses of 2, 4-D herbicide on the height of resistant populations of G. aparine during four

weeks of measurement.
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Table 4. Estimated height of resistant stands from fitting the four-point logistic function in the dose-response test with
2,4-D herbicide during four weeks of measurement.

Abbreviation of population Week Min Max Hillslope EC50 (ds/m*)
1 -0.06 92.26 12.57 2057.64
San-R1 2 -0.19 90.57 8.71 502.36
3 -3.80 95/69 191 364.16
4 -0.84 101.08 1.89 193.68
1 -31.57 94.35 1.26 2340.27
Kam-R1 2 -7.75 94.66 1.48 640.87
3 -7.97 95.5 1.35 544/59
4 -6.37 95.97 1.36 397/97
1 -0.40 89.47 8.95 2046.67
Kam-R3 2 -3.25 91.53 2.65 783.08
3 -6.15 100.80 1.23 404.31
4 -2.95 99.22 1.42 240.94
1 -0.18 91.64 9.45 1006
Kam-R7 2 -0.21 88.47 8.60 50.60
3 -2.80 91.65 2.59 42.11
4 -3.82 97.10 1.73 31.09
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Figure 3. The effect of different herbicides on the dry weight of resistant and sensitive Galium aparine population.
1. San-R1: Resistant population

2,4D +MCP: 2,4-D + MCPA

Sulfo: Sulfosulfuron

Meso+ lodo: Mesosulfuron + lodosulfuron
Bromo+ MCP: Bromoxynil + MCPA

Bromo + 2,4D: Bromoxynil + 2,4-D

2. Kam-R1: Resistant population
3. Kam-R3: Resistant population
4. Kam-R7: Resistant population
5. Kam-S: Susceptible population
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Figure 4. The effect of different herbicides on the height of resistant and sensitive Galium aparine population.

1. San-R1: Resistant population; 2. Kam-R1:Resistant population; 3. Kam-R3: Resistant population; 4. Kam-R7:

Resistant population; 5. Kam-S: Susceptible population
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