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EXTENDED ABSTRACT

Introduction

Camelina (Camelina sativa), an annual oilseed plant, has
garnered increasing attention due to its potential as a
drought-resistant crop. Known for its high oil yield and
environmental adaptability, camelina is particularly
valuable in regions facing water scarcity. However, its
cultivation faces challenges during the seed germination
and establishment stages under drought stress. Seed
priming techniques, especially using herbal treatments
like rye (Secale cereale) root extract, can significantly
mitigate these issues by enhancing seed vigor and
tolerance to adverse conditions. This study aimed to
evaluate the effects of priming concentrations and
durations on the germination and biochemical traits of
camelina under drought stress, conducted in the
Agriculture and Genetics Laboratory at Yasouj
University during 2021-2022.

Materials and Methods

The experiment utilized a factorial arrangement in a
completely randomized design with four replications. The
first factor was priming with Danko rye root extract at
three concentrations (0%, 40%, and 60%). The second
factor was priming durations (0, 6, and 12 hours), while
the third factor involved drought stress levels (0, -3, and -
6 bar). Rye root extracts were prepared through a
meticulous extraction process, followed by their
application to camelina seeds sourced from Shiraz
Agricultural Research Center. The seeds were sterilized
with 5% sodium hypochlorite before priming. Drought
stress was simulated using polyethylene glycol (PEG
6000), and its osmotic potential was calculated using
Michel and Kaufman's equation. Germination tests were
conducted in a germinator set to a temperature cycle of 20—
30°C for seven days. Germination-related metrics,
including germination percentage, germination rate, root
and shoot length, and biochemical indicators, were
measured using standard protocols. Data were statistically
analyzed using SAS software, with mean comparisons
performed using Duncan’s multiple range test.

Results and Discussion

Drought stress significantly influenced camelina’s
biochemical parameters. Under severe drought (-6 bar),
proline and soluble sugar contents increased, indicating
an  osmotic  adjustment  response.  However,
malondialdehyde (MDA) levels also rose, reflecting
enhanced lipid peroxidation and membrane damage.
Priming with 60% rye extract for 12 hours effectively
mitigated these effects, reducing MDA levels by up to
33% compared to non-primed seeds. The enhanced
proline accumulation likely contributed to osmotic
balance, consistent with findings by Shahverdi et al.
(2019), highlighting the role of non-enzymatic
antioxidants in stress tolerance. Drought stress led to a
marked reduction in germination percentage and seedling
vigor, with non-primed seeds exhibiting the lowest
performance. Priming significantly improved these
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metrics, especially at 60% extract concentration for 12
hours, which achieved a germination rate 36% higher
than untreated controls under -3 bar drought stress. This
improvement is attributed to enhanced enzymatic
activity, particularly alpha-amylase, which facilitates
starch hydrolysis and energy release for seedling growth.
Similar results were reported by Bajwa et al. (2018) in
wheat seeds primed with herbal extracts. Root and shoot
lengths were adversely affected by increasing drought
intensity, with a 20% reduction observed at -6 bar stress
compared to non-stressed conditions. However, priming
significantly mitigated these effects, with 60% rye extract
for 6 hours yielding the longest root and shoot lengths.
Enhanced root development is critical under drought
conditions, as it aids in water uptake and stress resilience.
These findings align with Muscolo et al. (2014), who
reported similar root elongation responses in lentils under
osmotic stress. The interaction of priming duration and
extract concentration revealed critical insights. Longer
priming durations (12 hours) generally enhanced stress
tolerance, improving germination rate, root and shoot
growth, and biochemical traits. However, over-priming
can lead to detrimental effects, possibly due to metabolic
overactivation and oxidative stress, as suggested by
previous studies. The optimal combination identified in
this study—60% extract for 12 hours—maximized
beneficial outcomes while minimizing risks. Priming
improved biochemical markers such as soluble sugar
content and alpha-amylase activity, which are vital for
stress adaptation. Soluble sugars act as osmoprotectants,
stabilizing cellular structures and maintaining turgor
pressure under water-deficient conditions. The observed
increase in alpha-amylase activity in primed seeds
suggests enhanced mobilization of stored reserves,
providing energy and building blocks for growth. These
results corroborate findings by Huang et al. (2021), who
demonstrated the efficacy of sorghum extracts in
enhancing camelina’s drought resilience.

Conclusion

This study underscores the potential of herbal priming,
particularly using rye root extract, as a cost-effective and
environmentally friendly approach to enhancing
camelina’s drought tolerance. The optimal treatment—
60% rye extract for 12 hours—significantly improved
germination and seedling vigor under drought stress by
bolstering biochemical defenses and promoting efficient
resource utilization. The findings suggest that
incorporating such bio-priming techniques in rainfed
agriculture can enhance crop establishment and
productivity in water-scarce regions. Further field studies
are recommended to validate these results under diverse
environmental conditions.
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Figure 1- Comparison of the average effect of different levels of priming at each level of priming time (a), different
levels of priming in each level of drought stress (b) and different levels of time in each level of drought stress (c) for the
proline content of Camelina seeds. (The mean comparison with at least one similar letter using the L.S.Means procedure

did not differ significantly).
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Table 1- analysis of variance (mean square) of the effect of drought stress, priming and priming time on some
investigated characteristics of Camelina seeds
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Figure 2- Comparison of the average effect of different levels of concentration priming and priming time at each level
of drought stress for the content of soluble sugars in Camelina seeds.
(The mean comparison with at least one similar letter using the L.S.Means procedure did not differ significantly).
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Figure 3- Comparison of the average effect of different levels of concentration priming and priming time at each level
of drought stress for the Malondialdehyde camelina in camellia seeds.
(The mean comparison with at least one similar letter using the L.S.Means procedure did not differ significantly).
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Figure 4- Comparison of the average effect of different levels of priming time at each level of priming concentration (a)
and different levels of priming concentration in each level of drought stress (b) for the Alpha-amylase activity of Camelina
seeds. (The mean comparison with at least one similar letter using the L.S.Means procedure did not differ significantly).
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Figure 5- Comparison of the average effect of different levels of priming concentration and priming time at each level
of drought stress for Germination percentage in camellia seeds.
(The mean comparison with at least one similar letter using the L.S.Means procedure did not differ significantly).
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Figure 6- Comparison of the average effect of different levels of priming concentration and priming time at each level
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of drought stress for Root length in camellia seeds.

(The mean comparison was performed using the L.S.Means procedure, and at each level of chitosan, mean with at
least one similar letter did not differ significantly).
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