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Figure 1- Geographical location of Khuzestan province in Iran and Ramhormoz city in Khuzestan province and map of
agricultural lands of Ramhormoz city
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Table 1- Properties of tribenuron-methyl
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Table 2- Screening test results of suspected of resistance wild mustard accessions subjected to tribenuron-methyl

8395 g S35 i phels 4 ) Wy SIS 09 saile 23 digy dlaxi B2 L
Accession (485 & G 20 3) oge S (485 4 G 20 3) (05 4y o 20 3) 5SS (g
Fresh weight reduction of Moss ‘s Dry weight of individual Survival no. Adkins 's
individual plant (% of Control) ranking plant (% of Control) (% of Control) ranking
system system

A 63.29 RR 56.85 60.00 PR

B 24.42 RRR 88.60 75.00 R

C 14.58 RRR 82.35 76.47 R

D 75.50 R? 43.21 33.33 S

E 55.83 RR 53.69 62.50 PR

F 71.20 RR 58.33 63.15 PR

G 53.61 RR 59.64 65.62 PR

H 30.14 RRR 83.57 73.91 R

K 56.51 RR 65.66 68.57 PR

L 67.36 RR 57.41 61.11 PR

M 45.78 RR 54.68 53.84 PR

N 74.04 R? 34.65 44.44 S

0o 59.52 RR 66.82 72.72 PR

P 34.48 RRR 86.50 84.61 R

Q 61.19 RR 59.28 70.00 PR

R 42.77 RR 66.02 65.00 PR

S 27.36 RRR 85.18 71.42 R

T 15.86 RRR 81.77 78.57 R

w 10.06 RRR 89.45 88.88 R

X 18.24 RRR 86.73 75.00 R

] 16.76 RRR 82.72 71.87 R

Y 82.73 S 38.84 30.43 S

Z 83.05 S 20.76 16.66 S

(oles) S (polie) R opslio Ylaisl) PR ((cuoslio 4 Ss5ia) R? ((pslie Yl l) RR (pylie k) RRR 305 Lazsl p5s
Abbreviations: RRR (resistance confirmed, highly likely to reduce herbicide performance), RR and PR (resistance confirmed,
probably reducing herbicide performance), R? (Early indications that resistance may be developing, probably reducing herbicide
performance), R (resistant) and S (susceptible).
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Table 3- Estimated parameters resulting from fitting three and four parameter logistic functions to dry weight data of
resistant and susceptible accessions to tribenuron-methyl six weeks after spraying

o355 Yo ol s fin EDxo “‘;"sf’tu"‘“‘” iyt M Jlaia]
Accession Upper limit Lower limit Hill's slope gaiL efse:ztzpce Lack of fit
A 100.30 (2.96) 12.95 (6.20) 0.65 (0.09) 15.65 (4.56)" 2.30 0.98
B 100.03 (2.84) - 0.51 (0.03) 36.54 (5.76)"™ 5.37 0.99
C 100.34 (2.96) - 0.61 (0.03) 35.97 (4.76)™ 5.28 0.86
E 100.28 (3.06) 15.84 (7.53) 0.58 (0.10) 16.51 (6.43)" 242 0.80
F 100.34 (3.06) 20.26 (5.23) 0.73 (0.12) 12.74 (3.29)™ 1.87 0.43
G 100.54 (3.13) 14.69 (5.90) 0.69 (0.10) 17.48 (4.90)" 2.57 0.96
H 100.77 (2.76) 31.78 (3.78) 0.76 (0.12) 8.11 (1.8)™ 1.19 0.57
K 100.34 (2.70) - 0.61 (0.03) 29.98 (3.99)™ 4.40 0.87
L 100.86 (2.95) 33.74 (3.65) 0.80 (0.14) 7.53 (1.74)™ 1.10 0.54
M 99.98 (3.16) 19.16 (5.71) 0.67 (0.11) 12.76 (3.72)" 1.87 0.97
o 100.25 (2.94) 18.52 (6.13) 0.66 (0.10) 16.52 (5.05)™ 2.42 0.84
P 100.53 (3.07) 20.40 (5.42) 0.70 (0.11) 15.53 (4.28)"" 2.28 0.94
Q 100.03 (2.53) 28.12 (4.46) 0.69 (0.10) 16.84 (4.26)™ 248 0.99
R 100.34 (2.75) 24.55 (5.96) 0.66 (0.11) 19.74 (6.24)™ 2.90 0.93
S 101.23 (2.86) - 0.48 (0.03) 40.79 (6.76)™ 5.99 0.80
T 101.17 (3.18) - 0.52 (0.03) 35.15 (6.09)™ 5.16 0.79
u 101.41 (2.68) - 0.51 (0.03) 46.21 (6.19)™ 6.79 0.80
W 101.44 (2.78) - 0.51 (0.03) 55.60 (8.63)™" 8.17 0.82
X 101.33 (2.88) - 0.52 (0.03) 44.21 (7.03)™ 6.50 0.89
Z 100.17 (2.39) 34.51 (2.46) 0.87 (0.11) 6.80 (1.15)™" - 0.74
** and *** represent significant level at 1 and 0.1%, respectively. Adlge duopd /Y g ) (53 ime o (i 4y B,
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Table 4- Estimated parameters resulting from fitting three and four parameter logistic functions dry weight data of resistant
and susceptible accessions to tribenuron-methyl six weeks after spraying
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Accession Upper line Lower limit Hill's slope gaiL® Resistance oiln ]
factor Lack of fit
A 98.92 (2.71) - 0.61 (0.03) 25.42 (3.43)™ 4.09 0.11
B 101 (2.95) - 0.57 (0.04) 33.46 (5.08)" 5.38 0.26
C 100.60 (3.18) - 0.59 (0.04) 32.72 (5.24)™ 5.27 0.49
E 99.69 (2.95) - 56 (0.03) 24.86 (3.42)™ 4 0.34
F 100 (2.86) - 0.57 (0.03) 13.22 (1.89)™ 2.12 0.64
G 100.71 (2.44) - 0.49 (0.02) 26.60 (3.65)"™" 4.28 0.17
H 100.45 (2.76) - 0.54 (0.03) 13.04 (1.85)™ 2.09 0.71
K 100.40 (3.08) - 0.62 (0.04) 31.33 (4.70)™ 6.17 0.63
L 99.39 (2.81) - 0.64 (0.03) 12.97 (1.70)™ 2.08 0.07
M 99.95 (2.89) - 0.58 (0.03) 13.06 (1.88)™ 2.10 0.57
o) 99.16 (2.72) - 0.58 (0.03) 26.06 (3.64)™ 4.19 0.07
P 100.30 (2.54) - 0.56 (0.03) 13.27 (1.71)™ 2.13 0.76
Q 68.35 (2.65) - 0.61 (0.03) 26.43 (3.49)™ 4.25 0.29
R 66.31 (2.50) - 0.56 (0.03) 26.73 (3.49)™ 4.30 0.07
S 100.07 (2.68) - 0.46 (0.03) 37.17 (6.02)™ 5.68 0.07
T 66.61 (3.52) - 0.64 (0.05) 31.78 (5.41)" 5.11 0.33
U 102.67 (3.19) - 0.55 (0.04) 4450 (7.48)™ 7.16 0.08
w 101.93 (3.07) - 0.52 (0.03) 47.21 (7.98)™ 7.60 0.27
X 102.71 (3.12) - 0.54 (0.04) 45.44 (7.53)™ 7.31 0.07
Z 99.89 (3.21) 28.88 (2.65) 0.98 (0.18) 6.21 (1.20)™* - 0.93

**and *** represent significant level at 1 and 0.1%, respectively. Al ge doyd /Y gV (g me paw S5 4 T 5 FF
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Figure 2- Response of resistant and susceptible accessions based on dry weight to tribenuron-methyl (a and b)
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Introduction: Wild mustard (Sinapis arvensis L.) is a very common weed within cereal and rapeseed fields
in Iran and many other countries. This weed is usually controlled by tribenuron-methyl in wheat fields of Iran.
However, due to consecutive application of tribenuron-methyl for the last 27 years in wheat fields, control
failures were reported by farmers. Resistance to ALS inhibiting herbicides is the most common form of herbicide
resistance in the world. So far, 165 resistant biotypes to this family have been reported. Therefore, present study
was carried out to survey suspected of resistance wild mustard accessions to tribenuron-methyl in wheat fields of
Ramhormoz and preparing distribution map of resistant fields.

Materials and Methods: An experiment was conducted in Agricultural Sciences and Natural Resources
University of Khuzestan during 2017-2018. 22 no. of the suspected resistance wild mustard accessions to
tribenuron-methyl were gathered from wheat fields of the Ramhormoz. One susceptible accession was also
gathered from a field with no history of spraying. Pot experiments were carried out in two stages including the
initial screening with the recommended dose of tribenuron-methyl (15 g ai ha') and dose-response assay that
accessions were investigated for the effect of tribenuron-methyl on dry weight and survival plant no. under
outdoor conditions. The plants per pots were sprayed, based on tribenuron-methyl dose (0, 0.125, 0.25, 0.5, 1, 2,
4, 8, 16, and 32-fold of recommended dose). The shoot dry weight data were converted to a percentage based on
control plants data within each accession. A log-logistic curve with three and four-parameters was used to
describe dose—response relationships. Dry-weight data were fitted to a nonlinear log-logistic regression model
using the package drc in the statistical program R (R Development Core Team, 2008). The distribution map of
the resistant populations was plotted using ArcGIS 10.3 software.

Results and discussion: Screening results showed that nine accessions (B, C, H, P, S, T, W, X, U) were
strongly resistant (R) and 10 accessions (A, E, F, G, K, L, M, O, Q, R) were probably resistant (PR or RR), and
three accessions (D, N and Y) were susceptible (S) or suspected resistance (SR) to tribenuron-methyl based on
Adkins and Mo‘s 's ranking system. While, Screening results based on Mo‘s 's ranking system showed that nine
accessions (B, C, H, P, S, T, W, X, U) were completely resistant (RRR) and 10 accessions (A, E, F, G, K, L, M,
O, Q, R) were probably resistant (RR), and two accessions (D and N) were suspected resistance (SR) and one
population (Y) was susceptible to tribenuron-methyl. With increasing doses of the herbicide tribenuron-methyl,
the dry weight of susceptible and susceptible accessions decreased during the sigmoid process. Resistance factor
of accessions (W, U, X, S,B,C, T,K, R, G, Q, O, E, A, P, M, F, H, and L) based on dry weight (% of control)
and survival (% of control) ranged from 1.10- 8.17 and 2.08-7.60, respectively. A different resistance factor was
observed between the accessions; thus, the W accession with the highest resistance factor of 8.17 and 7.60 and
the L accession with the lowest resistance factor of 1.10 and 2.80 based on dry weight and survival (% of
control) were resistant to the herbicide tribenuron-methyl. While 6.80 g ai ha* caused a 50% reduction in the dry
weight of the susceptible Z accession, this reduction was calculated to be 60.55 g ai ha™* for the most resistant
accession (W), which differed significantly based on the calculated confidence limits. A map of the distribution
of contaminated fields of resistant wild mustard accessions using GIS showed that most resistant accessions were
observed in eastern and southeastern regions of Ramhormoz.

Conclusion: The results of this experiment confirmed the presence of resistance in wild mustard accessions
to tribenuron-methyl. Repeated use of tribenuron-methyl in wheat fields of Ramhormoz is one of the most
important reasons for resistance in these fields. Distribution map makes it possible to predict farms infected with
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resistant accessions and help prevent the recommendation and use of ALS inhibiting herbicides in these farms,
so that in order to break the resistance in resistant accessions and it will be effective reduce the use of herbicides.
Therefore, the use of distribution maps can be used to implement integrated weed management programs and to

prevent the development of resistance accessions in other areas.
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