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Table 1. Mean square effect of herbicide dose, wild mustard biotype, and herbicide application
time on chlorophyll a, chlorophyll b, and malondialdehyde

e gl @il 4z o 8 Juds IS b Jds,ls w2lss oglle
S.0.V df Chlorophyll a Chlorophyll b Malonodialdehyde
A) S dile clale 6 0.073** 0.951*= 3.730**
Herbicide dose
B)izg Jo 5 s 1 0.019** 0.087*= 0.025**
Wild mustard biotype
©C) pSale Jloel b 1 0.034** 1.22%* 4,532%*
Herbicide application time
AxB 6 0.008** 0.121** 1.293**
AxC 6 0.022** 0.315** 2.435%*
BxC 1 0.013** 0.242** 3.325**
AxBxC 6 0.006** 0.113** 0.392**
(Errory Uas 56 0.0016 0.015 0.331
(ICV) &l i3 sy oy - 23.12 24.21 19.90

o0 Sy g gy et e (o o g b 4y e g %

* and ** are significant at the five and one percent probability levels, respectively.
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germination stage, C: Herbicide application at cracking stage)
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Figure 2. Three-way interaction effect of wild mustard biotype, herbicide dose, and herbicide

application time on the chlorophyll b. (S: Sensitive biotype, R: Resistant biotype, G: Herbicide application
at germination stage, C: Herbicide application at cracking stage)
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Figure 3. Three-way interaction effect of wild mustard biotype, herbicide dose, and herbicide

application time on the Malondialdehyde. (S: Sensitive biotype, R: Resistant biotype, G: Herbicide
application at germination stage, C: Herbicide application at cracking stage)
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root length, shoot length, and protein content
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Figure 4. Three-way interaction effect of wild mustard biotype, herbicide doses, and herbicide

(S: Sensitive biotype, R: Resistant biotype, G: Herbicide application time on the amount of Protein.
application at germination stage, C: Herbicide application at cracking stage)
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Figure 5. Three-way interaction effect of wild mustard biotype, herbicide doses, and herbicide application

time on epicotyl length. (S: Sensitive biotype, R: Resistant biotype, G: Herbicide application at
germination stage, C: Herbicide application at cracking stage)
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Figure 6. Three-way interaction effect of wild mustard biotype, herbicide dose, and germination stages on

radicle length. (S: Sensitive biotype, R: Resistant biotype, G: Herbicide application at germination stage,
C: Herbicide application at cracking stage)
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Abstract

In order to evaluate the sensitive and resistant biotypes of wild mustard weed to the herbicide tribenuron-
methyl, a factorial experiment was conducted in a completely randomized design in the laboratory of the University
of Mohaghegh Ardabili in 2013. The first factor was the wild mustard biotype at 2 levels (resistant and sensitive),
the second factor was the time of herbicide application at 2 levels (seed coat cracking and seed germination stage),
and the third factor was the herbicide tribenuron-methyl (0, 5, 10, 15, 20, 25 and 3 g.ha*). The results showed that
the triple interaction of the factors on the indices of chlorophyll a and b, malondialdehyde, seedling growth, and
development was significant (p<0.01). In the resistant biotype, herbicide application at the seed coat cracking stage
with 15 g in growth resulted in a 185% increase in chlorophyll and growth ratio, whereas at the tillering stage, 30
g showed a 53% reduction in these indices. Malondialdehyde levels in the resistant biotype at the germination
stage without herbicide increased unexpectedly, probably indicating the activation of defense mechanisms. In
contrast, the sensitive biotype at high levels (20-30 g.ha*) showed a 153% increase in chlorophyll and growth,
probably due to a failed stress response. Interestingly, the resistant biotype also produced better root growth than
the sensitive biotype in the absence of herbicide, indicating that there was no cost to resistance. These findings
support the idea that in wild mustard, they can be accompanied by compensatory mechanisms and provide a
competitive advantage even in the absence of herbicides. Therefore, integrated management based on the rotation
of herbicides with different mechanisms of action and their use according to the plant growth stage is necessary to
prevent the spread of resistant populations. This study provides insights into the molecular mechanisms of
resistance and ecological consequences that can be used in the design of sustainable weed control strategies.
Keywords: Fitness cost; Herbicide resistance; Integrated weed management; Physiological responses
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