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Introduction

Wild mustard is a highly competitive and widespread weed in global agricultural systems. Its
high ecophysiological adaptability and ability to form a persistent seed bank consistently pose
a serious threat to crop production. The ecological success of this plant is largely attributed to
its complex adaptive mechanisms in response to environmental factors such as sowing depth
and soil texture. Understanding these mechanisms is fundamental for developing effective and
sustainable management strategies. Previous studies have well-established that sowing depth is
a critical factor determining seedling emergence. Generally, smaller seeds, like those of wild
mustard, are dependent on being placed at shallow depths for germination due to their limited
seed reserves. This study specifically addresses the question of whether a critical depth can be
identified for managing any population in any soil type, beyond which the potential for seedling
establishment approaches zero.

Materials and Methods

In the autumn of 2023, a factorial experiment arranged in a completely randomized design
(CRD) with three replications was conducted to investigate the emergence and establishment
indices of wild mustard seedlings. The factors included wild mustard population at 2 levels (A
and B to tribenuron-methyl herbicide), soil type at 2 levels (clay and silt textures), and sowing
depth at 8 levels (0, 1, 2, 3,4, 5, 6, and 7 cm). Seeds of both A and B populations were collected
in the spring of 2023 from fields around the University of Mohaghegh Ardabili greenhouse,
where they had been cultivated. To break physiological dormancy, seeds were pre-treated with
Gibberellic acid (GAs) at a concentration of 1500 parts per million (ppm).

Results and Discussion
Findings revealed that although the population of B demonstrated superiority under optimal
conditions (shallow depths and clay soil) with a high emergence index (24.5), this genetic
advantage is entirely fragile in the face of the determining factor of seed placement depth.
Identifying a critical physiological threshold at 4-5 cm depth is considered key to controlling
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this weed; this is the depth at which even the most population of B, in an unequal battle against
darkness and soil mechanical pressure, exhausts its energy reserves before reaching the light
and fails to emerge. The population of B achieved the highest survival percentage (98.61%) and
the highest emergence rate (emergence index 16.50) at 1 cm depth in clay soil. At 1 cm depth,
the mean emergence percentage in clay soil was 98.66% for both populations, while in silt soil
it reached 84% for The population of B. At a 6 cm depth in silt soil, the survival percentage of
the population of A was 0%, highlighting the detrimental interaction of depth and unfavorable
soil texture.

Conclusion

In response to increasing depth, the plant allocates its resources primarily to the rapid elongation
of the hypocotyl to escape darkness, rather than to radicle development and biomass production.
Furthermore, a strong positive correlation between germination speed and final emergence
percentage/seedling survival clearly demonstrated the decisive role of speed in the ultimate
success of establishment. Considering the advantage of The population of A at shallow depths,
particularly in clay soils, it is recommended to use competitive crops with high shading ability
to neutralize this population's germination speed advantage. Additionally, careful monitoring of
fields for the presence of resistant populations and selecting seedbeds with appropriate texture
can be effective in designing integrated weed management programs. Ultimately, integrating
these ecology-based strategies, founded on the findings of this research, can significantly
contribute to reducing reliance on herbicides and achieving a more sustainable agricultural
system.

Keywords: Acetolactate synthase inhibitor, emergence index, soil characteristics, weeds,
herbicide resistance
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Table 1- Mean square effect of population, soil type and seed depth on 50% germination time, germination
percentage, survival percentage, cumulative seedling emergence rate, radicle length, total seedling dry weight
and shoot length of wild mustard

SOV of Emergence 50% Emergence Survival Cumulative seedling
time percentage percentage emergence rate
Soil depth (A) 7 19.61** 73.66.07** 9175.09** 254.56**
Soil type (B) 1 7.59* 541.50** 7451.67** 7.13*
population (C) 1 23.01** 12240.17*%* 2.49 838.69**
AxB 7 6.52** 664.93** 808.35 118.71**
AxC 7 33.84** 1350.26** 1004.42** 51.50**
BxC 1 41.34** 8.17ns 1932.23** 71.50**
AxBxC 7 6.70** 699.21** 2138.28** 27.63**
Error 64 2.13 29.33 28.74 1.06
CV% - 16.76 7.51 8.06 8.44
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*and ** are significant at the five and one percent probability levels, respectively

Y Jous awlol
Table 1 continued

Total seedling dry

S.0vV df Radicle length weight Epicotyle length
Soil depth (A) 7 57.26™ 12.90™ 69.60"
Soil type (B) 1 306.38™ 2.73" 17.85M™
Population (C) 1 28.71™ 0.0004" 96.80"™
AxB 7 7.78™ 1.34" 35.68™
AxC 7 4.65" 1.17% 24.51™
BxC 1 46.07™ 12.33" 83.25™
AxBxC 7 18.35™ 1.71" 37.45™
Error 64 2.15 0.59 26.94
CV% - 11.20 12.74 13.14
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*and ** are significant at the five and one percent probability levels, respectively
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Table 2- Comparison of the three-way effect of population, soil texture, and seed burial depth on
time to 50% emergence, emergence percentage, survival percentage, cumulative seedling emergence
rate, radicle length, and total dry weight of wild mustard seedlings

Wild mustard ‘ Burial depth Time to 50% Emergence Survival
lation Soil texture (cm) Emergence percentage Percentage
popt (Day) (%) (%)
0 9.00b° 92.002° 77.86°
1 9.00°° 98.66* 91.83%¢
2 9.00°° 98.66* 93.05%
Clay soil 3 9.00b° 98.66* 100.00°
4 9.00° 82.66%4 73.52¢
5 9.66% 88.00% 95.37%®
6 11.00% 60.002 50.811
A 7 11.00% 32.00* 57.31h
0 8.00° 97.33% 98.66*
1 9.00° 100.00? 47.200
2 8.66 100.00? 89.33b¢d
Silty soil 3 9.000 72.00¢" 70.20"%
4 9.00°° 80.00¢¢ 58.17"
5 9.00°° 98.66* 63.44"
6 9.00°° 68.00% 0.00%
7 9.00 68.00% 0.00%
0 8.66 62.66" 95.232®
1 8.00¢ 98.66° 98.61°
2 8.00¢ 98.66° 91.83bc
B Clay soil 3 9.00° 84.00b% 92.138b¢
4 9.00% 76.009%t 87.60°4
5 9.00% 40.00% 100.00*
6 13.30¢ 2.66! 0.00*



7 13.30¢ 2.66! 0.00*
0 11.00% 60.002" 77.14
1 10.66% 84bed 83.80¢°de
2 10.00b° 98.66* 49.94i
Clay soil 3 10.00% 98.66° 58.05h
4 9.00% 56N 82.78%
5 13.00* 481 71.84f¢
6 9.66% 62.66" 72.66f
7 0.00° 0.00! 0.00%
LSD 2.38 8.83 8.74
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The averages with common letters in each column do not have a significant difference at the 5% level.

Y Jous aclol

Table 2 continued

Seed
Wild mustard Soil burial Cumulative seedling Radicle Total seedling
population texture depth emergence rate (days) length (em)  dry weight (mg)
(cm)

0 11.00%! 13.33? 3.43b

1 23.33% 7.50P 3.43b

2 20.33¢ 7.33b¢ 3.60%¢
Clay sol 3 20.72% 6.50>" 3.30b‘f

4 17.41¢ 5.00°¢ 2.13¢h

5 12.531 6.16>* 3.43%¢
6 6.88™ 7.50° 2.93%h

A 7 4.31° 3.16¢ 2.20°h
0 10.87 2.83¢hi 1.73h

1 16.18¢'® 4.50°h 2.73¢h
2 24.502 2.50" 3.000¢

Silty soil 3 12.08! 2.66¢" 2.90>"

4 14.25h 2.50h 2.80%h

5 22.16% 1.501 2.86>h

6 11.419 0.00i 0.00!

7 14.50" 0.00i 0.00!

0 8.33m 6.66°f 2.30%h

1 16.50°f 11.00* 4.03%

2 14.66% 7.16°d 2.63¢h
Clay soil 3 21.00% 4.33feh 313
4 15.68" 2.66¢ 2.26%h
5 5.86™ 4.834h 3.46b

6 0.501 0.00’ 0.931

B 7 0.504 0.00i 0.004
0 9.35K 6.83%¢ 3.335f
1 8.10'm 3.00¢" 3.000

2 12.501 3.00¢" 2.66°"

Clay soil 3 9.55“_‘ 1.661 4.83%

4 10.15 3.00¢" 2.765h
5 3.67° 0.831 3.335f

6 11.554 1.00Y 1.86¢

7 0.004 0.00’ 0.00/




LSD - 1.67 2.39 1.25

5 a0 0 v )0 02 b )l g BB g ;o 50 S e By > sl sl ke
The averages of common letters in each column do not have a significant difference at the 5% level.
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Figure 1 - The three-way effect of population, soil type, and seed bank depth on wild mustard seedling
survival rate
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Table 3- Main effect of seed burial depth on wild mustard epicotyl length



Seed bank depth Epicotyle length (cm)

0 5.2¢
1 5.2¢
2 7.82
3 6.5%
4 6.8%
5 7.32
6 6.5%
7 5.8be
Sl gxe S il 1.2

5 a0 8 e j0 02 b ()l g BB g ;o 50 S e By > sl sl Sile
The averages of common letters in each column do not have a significant difference at the 5% level.
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