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Sodium nitroprusside Results: The results of the first and second experiments showed that intact control seeds
Sulfuric acid had only about 20% germination, but 10 minutes of treatment with boiling water and razor
Thiourea

scarification increased germination to 60.57% and 70%, respectively. The best values for
mean daily germination, peak value, and germination value were obtained with 5 minutes
of sulfuric acid treatment, followed by 5 minutes in hydrochloric acid. The results of the
third experiment showed that treatment with thiourea, potassium nitrate, and sodium
nitroprusside had no significant effect on the germination of intact A. adscendens seeds,
but significantly increased the percentage and rate of germination of seeds scarified with a
razor or sulfuric acid, as well as the root and shoot length of seedlings. The greatest effect
on germination percentage was achieved with the application of sodium nitroprusside (as a
nitric oxide-producing compound) on seeds scarified with a razor (90%) or sulfuric acid
(79%). Also, potassium nitrate caused the greatest increase in the root length of seedlings
from seeds scarified with a razor or sulfuric acid, and the highest shoot length was
obtained with the application of sodium nitroprusside.

Conclusion: The obtained results indicate that 4. adscendens seeds have both physical and
physiological dormancy, and scarification with a razor followed by treatment with sodium

nitroprusside is suitable for breaking this dual dormancy.
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Highlights
» Sulfuric acid or razor scarification breaks physical dormancy more effectively than
boiling water in A. adscendens.

* For the first time, scarification + nitrogenous compounds overcame combined
dormancy in 4. adscendens.

* Razor scarification followed by sodium nitroprusside was the most effective treatment.

Introduction

Seed dormancy refers to a state where a viable seed does not germinate even when placed
in suitable conditions for germination. Seed dormancy acts as a survival mechanism against
unfavorable environmental conditions, such as low temperatures or lack of moisture (Wen et
al., 2024). Physical dormancy is caused by one or more layers that are impermeable to water
and oxygen in the seed coat or by the mechanical hardness of the seed cover. Special
mechanical and chemical treatments known as scarification are commonly used to break
physical dormancy. Sometimes, dormancy is related to physiological problems within the
embryo that reduce embryo growth potential. Consequently, the embryo cannot overcome the
mechanical limitations of its surrounding tissues (such as endosperm, pericarp, or fruit) unless
it receives signals from the environment (Kildishova et al., 2020). These signals include
changes in the ratio of gibberellins to abscisic acid or an increase in the level of chemical
signals such as nitric oxide inside the seed, each of which lead to dormancy breaking and the
initiation of the germination process (Mbi et al., 2022). For this reason, the use of a one - to
two - percent solution of potassium nitrate (KNOg3) and thiourea is recommended by the
International Seed Testing Association (ISTA) for breaking physiological dormancy in seeds
(Kildishova et al., 2020).

Seed dormancy in legumes, especially in the Astragalus genus, is often physical dormancy
related to seed coat hardness and is usually broken by physical treatments like scarification
with sandpaper or chemical treatments like acid immersion (Sinjushin, 2021). Rostamipour et
al. (2020) reported that scarification with sandpaper or chemical treatment with sulfuric acid
led to an increase in germination percentage and seedling growth in three ecotypes
(Damavand, Zanjan, and Semirom) of Astragalus cyclophyllon. Additionally, some species
exhibit combined or dual dormancy. For example, a study by Ashraf Mehrabi and Hajinia
(2019) showed that seeds of Astragalus gossypinus have combined physical and physiological
dormancy, and scarification with sulfuric acid followed by treatment with potassium nitrate
not only increases germination percentage but also enhances seedling length and vigor.
Among Astragalus species, Astragalus adscendens is more abundant in the Zagros region
(Mansouri et al., 2021). This species plays a significant role in soil and water conservation in
the Zagros region, and its gum is highly valuable. However, its seeds germinate slowly, which
is likely related to seed dormancy (Ghasemi et al., 2022). A review of the literature indicated
that studies on A. adscendens dormancy are scarce, and the effect of nitrogen compounds on
seed germination and early seedling establishment has not yet been investigated. Therefore, in
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the present study, to investigate both physical and physiological dormancy in A. adscendens
seeds, the interactive effect of physical and chemical scarification with various nitrogen
compounds on increasing germination rate and improving seedling establishment of A.
adscendens was examined.

Method

Exp. 1. Investigating the effect of different boiling water soaking times and scarification on
breaking dormancy in A. adscendens seeds

In the first experiment, the effect of 4. adscendens Boiss. & Hausskn soaking seeds in
boiling water at 95°C for 5, 10, and 20 minutes, as well as scarification of seeds with a razor,
on seed germination was investigated compared to control seeds. The experiment was
conducted as a completely randomized design with 4 replications. After applying the
treatments, the seeds were transferred to filter paper in Petri dishes, and their daily
germination was monitored. The final germination percentage (FGP), peak value (PV), mean
daily germination (MDGQG), and germination value (GV) of A. adscendens seeds after 10 days
were calculated as indicators of germination integrity and rate, respectively, using formulas 1
to 4 (Khodadadi and Amooaghaei, 2024).

Exp. 2. Investigating the effect of different chemical scarification methods on breaking
dormancy in A. adscendens seeds

In the second experiment, the effect of A. adscendens Boiss. & Hausskn soaking seeds in
water, hydrochloric acid, sulfuric acid, acetic acid, and hydrogen peroxide at a concentration
of 50% for 2, 5, and 10 minutes on breaking dormancy in A. adscendens seeds was
investigated in a factorial experiment with a completely randomized design and 4 replications.
After immersing each batch of seeds in the 50% solution of acids and hydrogen peroxide for
2, 5, and 10 minutes, the seeds were removed from the solutions and thoroughly washed with
water to remove any residual compounds from the seeds. Then, the seeds were placed on filter
paper in Petri dishes and germinated at 25°C. The number of germinated seeds was counted
daily until no new germination was recorded for three consecutive days. The final
germination percentage, mean daily germination, peak value, and germination value were
calculated for each treatment according to formulas 1 to 4.

Exp.3. Investigating the interactive effect of scarification with different nitrogen
compounds on seed dormancy breaking and seedling growth of A. adscendens

Given that in the two preliminary experiments, the effect of scarification with a razor and 5
minutes of treatment with sulfuric acid was better than other scarification methods, in the
third experiment. The interactive effect of these two scarification methods and nitrogen
compounds was evaluated in a two-factor factorial experiment within a completely
randomized design with four replications (one Petri dish with 20 seeds was considered as a
replicate per treatment). The factors included 3 levels of scarification (control without
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scarification, scarification with a razor, and 5 minutes of treatment with 50% sulfuric acid)
and 4 levels of nitrogen compounds (control, 1% potassium nitrate, thiourea, and 100 pM
sodium nitroprusside solution). Seeds were first divided into 3 groups: control (unscarified),
scarified with sulfuric acid, and scarified with a razor. Then, the seeds of each group were
divided into 4 subgroups and soaked in distilled water (control), potassium nitrate, thiourea,
and sodium nitroprusside solutions for 8 hours. Afterwards, the seeds of each treatment were
transferred to Petri dishes, and their germination was checked daily. Final germination
percentage and germination rate (GR) were calculated according to formula 1 and equation 5
(Maguire, 1962). Also, the root and shoot length of 10-day-old seedlings in each Petri dish
was measured with a ruler.

Statistical analysis
Analysis of variance of the data was performed using SPSS version 27, and comparisons

among treatment means were carried out using Duncan's multiple range test. Graphs were
plotted using Excel software.

Results

Effect of boiling water soaking and scarification on breaking dormancy of A. adscendens
seeds
Based on the analysis of variance of the first experiment's results, the effect of physical

treatments, including hot water soaking and razor scarification, on germination percentage,
mean daily germination, peak value, and germination value of A. adscendens Boiss. &
Hausskn seeds was significant at the 1% probability level (Table 1).

Figure 1 shows that while 4. adscendens seeds showed 25% germination when soaked in
tap water (control treatments), 10 minutes of immersion in boiling water and razor
scarification increased seed germination to 57.60% and 70%, respectively, and significantly
increased mean daily germination, peak value, and germination value (Figure 1- A to D).
These results indicate that seed coat hardness is a serious barrier to radicle emergence, and
scarification with a razor or softening the seed coat with hot water likely allows the embryo to
overcome the seed covering, thereby increasing germination percentage and rate. The positive
effect of hot water soaking or dry heat treatment on Astragalus sinicus has also been reported
(Kim et al.,, 2008). With an increase in soaking time to 20 minutes, the effect of seed
immersion in boiling water on germination percentage, peak value, mean daily germination,
and germination value of A. adscendens seeds decreased, but the values were still higher than
those of the control treatment, except for mean daily germination values, which reached the
same level as the control treatment (Figure 1- A to D). It is probable that the high heat from
prolonged hot water soaking weakened the embryo's ability to grow and break the seed coat.
Compared to boiling water, razor scarification was more effective, increasing seed
germination to 70% and also increasing mean daily germination, peak value, and germination
value (Figure 1- A to D). The research by Patane and Gresta (2006) also showed that
sandpaper scarification was the best treatment for breaking dormancy in Astragalus hamosus
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seeds. They also found that increasing dry heat to 80°C helped the germination of this
Astragalus species, but further increases in temperature caused seed damage and reduced
germination percentage.

Effect of various chemical scarification methods on breaking dormancy in A. adscendens
seeds
The results of the analysis of variance of the second experiment showed that the effect of

different chemical compounds and their treatment durations on breaking dormancy in A.
adscendens seeds was significant at the 1% probability level (Table 2).

The results of the second experiment showed that chemical scarification with sulfuric acid,
hydrochloric acid, acetic acid, and hydrogen peroxide significantly increased the germination
indices of A. adscendens seeds (Figures 2 and 3). This result re-emphasizes that the physical
dormancy of A. adscendens seeds is due to the hardness of their seed coat. Immersing the
seeds in acids or compounds like hydrogen peroxide likely causes the digestion and
decomposition of some waxes, lipids, or lignin in the seed coat, thereby reducing its hardness
and mechanical resistance and increasing its permeability for water and oxygen uptake. This,
in turn, enhances the speed and capacity of seed germination (Mbi et al., 2022). Among the
chemical treatments, the best germination percentage (Figure 2), and the highest values for
mean daily germination, peak value, and germination value were obtained with sulfuric acid
treatment for 5 minutes, followed by hydrochloric acid application for 5 minutes (Figure 2- A
to C), indicating that scarification with this acid significantly increased the germination
capacity and rate of A. adscendens seeds. However, the current research showed that
increasing the treatment time with hydrochloric acid and sulfuric acid to 10 minutes
significantly decreased all seed germination indices compared to the 5-minute treatment
(Figures 2 and 3). A review of the literature indicates that the optimal duration and
concentration for seed scarification may vary depending on the type of chemical compound
and the plant species. However, compared to sulfuric acid and hydrochloric acid, the
application of acetic acid and hydrogen peroxide had less effect on the final germination
percentage, mean daily germination, peak value, and germination value, with the best effect
achieved by 10 minutes of immersion in these compounds (Figure 2- A to C). This is likely
because acetic acid and hydrogen peroxide have weaker corrosive power compared to the
other two acids, so treatment with these two compounds needs to be continued for a longer
duration or at higher concentrations to digest the hard seed coat of A. adscendens seeds.
Similarly, the research by Khodadadi and Amooaghaei (2024) also showed that 40 minutes of
treatment of wild artichoke seeds with hydrochloric acid and sulfuric acid increased the
germination percentage, mean daily germination, peak value, and germination value more
than treatment with hydrogen peroxide and acetic acid. However, increasing the treatment
duration with these acids reduced the seed germination indices and seedling growth of wild
artichoke, and seedlings obtained from physical treatment with sandpaper and scalpel had
more desirable length and weight.
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Interactive effect of scarification with different nitrogenous compounds on seed dormancy
breaking and seedling growth of A. adscendens
According to the analysis of variance of the results of the third experiment, the

independent effect of different scarification treatments (control, razor scarification, and
sulfuric acid) and types of nitrogenous compounds (control, potassium nitrate, thiourea, and
sodium nitroprusside), as well as their interactive effect on germination percentage,
germination rate, and seedling growth of A. adscendens, was significant at the 1% probability
level (Table 3).

The results of the third experiment showed that treatment with thiourea, and potassium
nitrate, had no significant effect on the germination percentage of intact 4. adscendens seeds,
and only sodium nitroprusside slightly increased the germination percentage of these seeds. In
contrast, treatment with these nitrogenous compounds significantly increased the germination
percentage and rate of seeds scarified with a razor or sulfuric acid (Figure 4). The
effectiveness of nitrogenous compounds also confirms that part of the dormancy of A.
adscendens seeds is physiological; because nitrate has been proven to be effective in breaking
physiological dormancy (Yan and Chen, 2020). Investigation of the interactive effect showed
that treatment with various nitrogenous compounds had different effects on the germination
percentage and rate of A. adscendens seeds scarified by different methods. All nitrogenous
compounds (i.e., thiourea, potassium nitrate, and sodium nitroprusside) significantly increased
the germination percentage of seeds scarified with a razor, but the greatest effect on
germination percentage and rate was obtained with the application of sodium nitroprusside (as
a nitric oxide-releasing compound) on seeds scarified with a razor or sulfuric acid. However,
in seeds scarified with a razor, the effect of potassium nitrate and sodium nitroprusside on
germination percentage and rate of seeds was similar (Figure 4). Amooaghaei and Rafiei
(2022) also found that while treatment with nitrogenous compounds such as sodium
nitroprusside and potassium nitrate had no effect on the germination of unscarified Myrtus
communis seeds, these treatments significantly increased the germination of seeds scarified
with a razor and sandpaper.

The results also showed that treatment with all nitrogenous compounds increased the root
and shoot length of 4. adscendens seedlings obtained from seeds scarified with a razor or
acid. In both groups of seeds scarified with a razor or acid, the highest shoot length was
obtained with the application of sodium nitroprusside. Potassium nitrate had the greatest
effect on the root length of seedlings obtained from acid-scarified seeds, but the shoot length
of seedlings obtained from razor-scarified seeds showed no significant difference between the
application of sodium nitroprusside and potassium nitrate (Figure 5). Considering that in this
experiment, treatment with sodium nitroprusside as a nitric oxide-producing compound,
similar to nitrate and thiourea, significantly increased the germination percentage and rate and
the shoot and root length of A. adscendens seedlings (Figures 3 and 4), the role of NO in
breaking A. adscendens seed dormancy is highly probable, and it is possible that nitrate and
thiourea also contributed to improving the germination percentage and rate and seedling
growth of 4. adscendens by stimulating nitric oxide production.
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Conclusion

The results of this study showed that 4. adscendens seeds have physical dormancy that can
be overcome by chemical and physical scarification methods, and also have some degree of
physiological dormancy that can be alleviated by the application of nitrogenous compounds.
The highest germination and seedling growth can be achieved with the combined treatment of
razor scarification followed by treatment with sodium nitroprusside.
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Table 1. Analysis of variance for the effect of physical treatments on the germination indices of

Astragalus adscendens seeds
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Fig. 1. The effect of different soaking times in boiling water (5, 10, and 20 min) and razor scarification
on final germination percentage (A), peak value (B), mean daily germination (C), and germination

value (D) of Astragalus adscendens seeds. According to Duncan's multiple range test, columns sharing
the same letter do not differ significantly at the 5% probability level.
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Table 2. Analysis of variance for the effect of various chemical scarification treatments and their
durations on the germination indices of Astragalus adscendens seeds
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Fig. 2. Effect of chemical scarification with various compounds for 2, 5, and 10 min on the final germination

percentage of Astragalus adscendens seeds. According to Duncan's multiple range test, columns sharing the
same letter do not differ significantly at the 5% probability level.
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Fig. 3. Effect of chemical scarification with various compounds for 2, 5, and 10 min on the peak value (A), mean
daily germination (B), and germination value (C) of Astragalus adscendens seeds. According to Duncan's
multiple range test, columns sharing the same letter do not differ significantly at the 5% probability level.
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Table 3. Analysis of variance for the effect of different scarification methods and various nitrogenous
compounds on the germination and seedling growth of Astragalus adscendens seeds
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not differ significantly at the 5% probability level.
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