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Abstract

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 Sagez
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 1-15
2 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
#Golden 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
100 14 San-R1: Y1 = -3.81+ (100.96+ 3.81)/(1 + (x/ 282.57) (-09)
® San-R1
R2=0.98 O Kam-R1
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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.

Glp ECB0 annlin ‘piored ol 00t Job S0 o045
JS8) Jol axan ;o Kam-R7 o5 jo glas )l ooy 00 ol
Sl p3Y (69,9895 S ile 3l o Sg0 0ole 0,85 Ve o F (Y
oolo )5 ¥V @ Jlade pl (0 SO p)lex caian o g
Jol aan jo sl Jb jo ol canl oy LS (0 04ige
Kam-R1 San-Rloss aw lp «(F Jsuz) EC50 e
0 oyig000le 0 SYFF o VYT YOV s ias Kam-R3 4
YFeoVAY AAY @ o sy aan T 5l o a5 il o0 LS
o 3% Sl DB )3 ) IS ;0 0 390 03le S

J Aopl Res Plant Prot

g £lis,/
JS&) g gl )| p aSale alize glajd 50 b
oadls el iScale alidee slojd 5 5,18 aS oy ylad (Y
@ Cod G pSojlail e ez Jsb o g W) et
lal Gles jo ol Hlas oV S0) fwly 33 s gl
plo 4 Cad 6505 b lhls Kam-R7 psglae ooy
el o0y OLS @ yie 53 ]38l L g 00 S0 sloosys
dw Gl o gz e ¥ USS) aian o> b g0 glay )| rals Ll

$




OFX) TYY-YAD «(F) VY (S poles 0 (g0l slo gl

Yva

(et al. 2018; Golmohammadzadeh et al. 2020

g gl o (V JS0) Sis ool j0 Fwly 35 (s (g
Kam-R7 osg5 pglie 0095 jloz oo 5l oo olas (Y US)
D43 0385 (' ppglie Kam- R1loogs g 00gi (sl

Week 1
100 &
° \ San-R1: Y1 = -0.06+ (92.26+0.06)/(1 + (x/ 2057.64) 1257
80 v\ Re0w
° 0" ﬁ Kam-R1: Y2 =- 3157+ (94.35- 3L57)/(1 + (x/ 2340.27) 29
=
IS i Re=0.93
o 60
5 [ O\ Kam-R3: Y3=-0.40+ (80.47+0.40)(L + (¥ 2046.67) %)
Q\D/ l R?=0.98
= |
S 40 1 i Kam-R7: Y4= -0.18+ (91.64+0.18)/(1 + (x/ 1006) ®9
=
o ’ 2
R*=0.99
g | - ® San-R1
o | O KamR1
£ 20 4 | v Kam-R3
=2 \ A Kam-R7
D
T \ N
04 NA—— X Py
0 2000 4000 6000 8000
Herbicide dosage (g ai ha)
a
Week 3
100 1@
San-R1: Y1 = -3.80+ (95.69+3.80)/(1 + (x/ 364.16) @) @  SanR1
0 Kam-R1
RE=097 v KamR3
80 !
= Kam-R1: Y2 = -7.97+ (95.5+7.97)/(1 + (x/ 544.50) 139 & Kam-R7
c R?=0.97
3
w604 Kam-R3: Y3 = -6.15+ (100.80+6.15)/(1 + (x/ 404.31)
< i 123
= R?=0.97
2 40
S Kam-R7: Y4= -2.80+ (91.65+2.80)/(1 + (x/ 42.11) ¢59)
=)
2 R?=0.97
o
= 20
R=
D
I
0 _ LS
0 2000 4000 6000
Herbicide dosage (g ai ha)
C

Height reduction (% of control)

Height reduction (% of control)

S 1 BECS0 polie jl azals Jsb gowl-33 (oo
5 Rikon eplesds sl aSale 4 pglie sbrosy
Rastgoo et al. ) wiloo,S oolatw! uguSls 5 yoluSein
2009; Najafi et al. 2012; Tatari et al. 2017; Ismailzadeh

Week 2
100 &
San-RL: Y1 =-0.19+ (90.57+ 0.19)/(1 + (x/ 502.36) &P
. ® SanRL
o R?=0.98 0 KamR1
| OX\ oly ¥ KamR3
80 Kam-R1: Y2 = -7.75+ (94.66+7.75)/(1 + (/ 64087) 9 A amR7
° R?=097
60 4 Kam-R3: Y3 = -3.25+ (91.53+ 3.25)/(1 + (x/ 783.08) %)
R?=0.98
Kam-R7: Y4= - 0.21+ (88.47+ 0.21)/(1 + (x/ 50.60) ¢
40
R?=0.98
20 4
0 N ——r—— EAY
0 2000 4000 6000
Herbicide dosage (g ai ha) b
Week 4
100 4
San-R1: Y1 =084+ (101.08+ 0.84)/(1 + (x/ 193.68) ) @ San-R1
O  Kam-R1
o 1 R=098 v Kam-R3
Kam-R1: Y2 = -6.37+ (95.97+ 6.37)/(1 + (x/ 397.97) 0%} &  Kam-R7
R?=0.97
60 1 Kam-R3: Y3 = -2.95+ (99.22+ 2.95)/(1 + (x/ 240.94) 42
R?=0.99
\
40 1 J\\ Kam-R7: Y4= -3.82+ (97.10+ 3.82)/(1 + (x/ 31.09) ™
W Re=097
20 A
04
0 2000 4000 6000

Herbicide dosage (g ai ha*)
d

S rSoll atin Loz (b iy e jacile polie slaodgs £l (60,589 (S le alize (slajd LY S5
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.
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Figure 3. The effect of different herbicides on the dry weight of resistant and sensitive Galium aparine 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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