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Objective: This study aimed to simulate the effects of thermal shocks from crop residue
burning and soil temperatures on the germination and dormancy of flixweed (Descurainia
sophia) seeds under laboratory conditions.

Method: A factorial experiment was conducted based on a completely randomized design
with four replications. Heat shock treatments were applied to flixweed seeds at 80°C and
120°C for durations of 2.5 and 7.5 minutes. Subsequently, the treated seeds were
incubated for 14 days under constant temperatures of 7, 15, 20, 25, 30, and 35°C, as well
as under an alternating temperature regime of 20/30°C (16h/8h). Various seed germination
and dormancy indices were then recorded and analyzed.

Results: The optimum temperature for flixweed seed germination was 7°C. Increasing the
germination temperature to 35°C significantly reduced both the germination percentage
and rate, while significantly increasing the percentages of dead and dormant seeds.
Compared to constant temperatures above 7°C, alternating temperature treatments
combined with light exposure enhanced the germination rate and percentage and decreased
seed dormancy. Both elevated substrate temperatures and heat shock treatments increased
the percentage of dead seeds, particularly at 30 and 35°C under the 120°C heat shock
treatment. The highest percentage of normal seedlings was observed at 7°C and under the
20/30°C alternating temperature regime. Applying an 80°C heat shock for 2.5 minutes
improved both the germination percentage and rate, and reduced secondary dormancy
compared to the control at the same incubation temperature. In contrast, heat shocks at
higher temperatures (120°C) led to increased seed mortality and reduced both germination
and dormancy.

Conclusions: Heat shock treatments did not induce secondary dormancy (thermo-
dormancy) in flixweed seeds; instead, they primarily influenced the germination
percentage, germination rate, and seed mortality. The induction of secondary dormancy in
flixweed seeds was observed only as a result of elevated substrate temperatures above
7°C. Thermo-dormancy caused by exposure to higher temperatures can be mitigated
through alternating temperature treatments combined with light, thereby enhancing both

the germination percentage and rate.
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Highlights
o The response of the flixweed soil seed bank to crop residue burning was simulated
under laboratory conditions.

e Secondary dormancy induction in flixweed seeds was assessed in response to both
heat shock and incubation temperature treatments.

o Thermo-dormancy in flixweed seeds was induced exclusively by elevated substrate
temperature, not by heat shock treatments.

Introduction

One of the important medicinal plants is Descurainia sophia (commonly known as
flixweed), which has long played a significant role in Iran's traditional medical practices
(Khan et al., 2012). In many regions, in an effort to expedite sowing of the subsequent crop,
farmers commonly burn the crop residues from the previous season (McCarty et al., 2017).
The seeds of flixweed that are present in the soil seed bank are exposed to heat shock
resulting from such residue burning. Under field conditions, the seeds of this plant fall into
the soil seed bank are affected by thermal shocks resulting from burning residues and soil
temperatures which were simulated in laboratory conditions in this study.

Method

This study was carried out as a factorial experiment arranged in a completely randomized
design (CRD) with four replications. The experimental procedures were as follows:
* Initially, flixweed seeds were exposed to heat shock treatments at 80°C and 120°C for 2.5
and 7.5 minutes. The control treatment received no heat shock and was maintained at room
temperature.
* Following the heat shock treatments, the seeds were placed in germinator for 14 days under
various temperature regimes of 7, 15, 20, 25, 20/30, 30, and 35°C. Constant temperature
treatments were conducted in complete darkness, whereas alternating temperature treatments
followed a 16/8-hour dark/light cycle.
* Germinated seeds were counted at regular hourly intervals throughout the day to determine
germination indices.

Results

The results showed that under non-heat shock treatment conditions at 7°C, the highest
germination percentage was consistently recorded. As the constant temperature increased to
15, 20, and 25°C, the seed germination percentage gradually decreased, and at 30 and 35°C, it
dropped below 5%. This reduction was attributed to the induction of secondary dormancy in
the seeds as temperature increased, since the percentage of dead seeds did not show a
significant rise. It appears that the secondary dormancy induced by increasing temperature
was of the thermo-dormancy type. Seeds that were first exposed to 20-30°C and 7°C
exhibited a higher germination rate and required a shorter mean germination time.
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Interestingly, the optimum temperature range for seed germination was approximately 7—
10°C. Moreover, seeds exposed to alternating temperatures (20-30°C) combined with light—
dark cycles showed a higher germination percentage compared with constant temperatures. It
is likely that the temperature alternation along with light exposure fulfilled the thermal and
photoperiodic requirements for breaking dormancy, leading to a higher proportion of
germinated seeds within the population. Exposure of seeds to heat shock at 80°C for both
treatment durations improved germination percentage and rate compared with the control at
the same temperature, whereas exposure to 120°C increased the proportion of dead seeds.

Conclusions

Heat shock treatments did not induce secondary dormancy (thermo-dormancy) in flixweed
seeds, but they did have significant effects on the germination characteristics, including
germination percentage, germination rate, and seed mortality. The response of flixweed seeds
to heat shock was primarily characterized by changes in germination dynamics rather than the
induction of secondary dormancy. Interestingly, secondary dormancy, also known as thermo-
dormancy, was only observed when the substrate temperature exceeded a threshold of
approximately 7°C, suggesting that this phenomenon may be temperature-dependent.
Thermo-dormancy, which occurs as a result of exposure to high temperatures, could
potentially be alleviated through the use of alternating temperature regimes combined with
light exposure. Therefore, the manipulation of temperature and light conditions could serve as
an effective strategy to optimize seed germination and establishment. It is strongly
recommended that future research investigate the effects of heat shock treatments on flixweed
seeds at varying soil depths.
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Figure 1. Mean comparison of the interaction effect between temperature and duration of heat shock on final seed

germination percentage of flixweed (Descurainia sophia). Means within each column followed by the same letter(s) are not
significantly different at the 5% probability level according to Duncan's multiple range test.
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Figure 2. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures
on flixweed dead seed percentage. Means within each column followed by the same letter(s) are not significantly different at
the 5% probability level according to Duncan's multiple range test.
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Figure 3. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures

on flixweed seed dormancy percentage. Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.
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Figure 4. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures
on flixweed abnormal seedling percentage. Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.
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Figure 5. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures
on flixweed normal seedling percentage. Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.
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Figure 6. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures
on flixweed seed germination rate (1/hour). Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.
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Figure 7. Mean comparison of heat shock temperature and duration interaction effect under different substrate temperatures
on flixweed mean germination time (hour). Means within each column followed by the same letter(s) are not significantly
different at the 5% probability level according to Duncan's multiple range test.
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