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1. Introduction

The genus Astragalus, which includes annual and perennial herbaceous and shrubby plants and
belongs to the leguminous family, includes 3000 species. Astragalus species are spread over a wide area
such as Europe, Asia, and North America, with 463 species and 41% (210 species) of these species
endemic in Turkey (Ding et al., 2013; Erkul and Aytag, 2013). Astragalus species are widely used as a
feed source for animals, as a raw material for medicine, dye, textile industry, as a source of nectar for
bees, and also in the control of erosion areas (Demir and Keskin, 2016; Keskin and Temel, 2019; Bagheri
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et al., 2015; Budge et al., 2012; Lee et al., 2007; Abd Kadir et al., 2013). Astragalus brachycalyx,
Astragalus gummifer, Astragalus kurdicus, and Astragalus microcephalus species from which gum
called tragacanth is extracted are widely found in Turkey, Iran, Caucasus, and Afghanistan regions, and
this gum obtained is used in pharmacy, paint and weaving industries (Khan and Abourashed, 2010).

Gum tragacanth (Astragalus gummifer Labill.) is a perennial herb that can grow up to 60 cm. It
is piled rooted, and its stem and shoots are thorny. Its flowers are white and pollinated by bees. When
their stems are cracked and scratched, they ooze a gum called tragacanta (tragacanth gum). It is resistant
to sandy, acidic, and arid areas (Keskin and Temel, 2019). Gum tragacanth spends the winter period in
a dormant state and forms new shoots and leaves with the onset of temperatures, and the newly formed
fresh shoots and leaves maintain their greenery throughout the summer. Flowering continues between
May and October, and fruit formation continues for a long period, from June to November (Keskin and
Temel, 2019).

Gum tragacanth, which is used in many areas, grows in natural areas, and these plants are not
cultivated and grown in the field. Therefore, these plants cannot be controlled, and their generation may
be extinct. The germination rate is expected to be high in cultivated seeds. On the other hand, non-
cultured plants are more likely to have hard seeds and dormancy. It is also difficult to obtain seeds in
these plants. Knowing the optimum germination temperatures of the seeds and the level of dormancy
characteristics, if any, and which methods and methods are effective on breaking dormancy in seeds in
order to spread the plants of high importance to wider areas will contribute to the dissemination of this
plant to wider areas. Dormancy is defined as the inability of seeds to germinate due to internal (water
and gas impermeability of the seed coat, chemical substances in the seeds) and external (temperature,
oxygen, light) factors even though the environmental conditions are suitable. The practices required to
break dormancy in seeds vary from species to species and even between seeds of the same species from
different origins. In order to break dormancy, stratification, soaking in water, using growth regulators,
washing, drying, heat and light treatment, mechanical scarification, chemical scarification, and
combinations of one or more of these are used (Obali, 2009; Agrawal and Dadlani, 1995; Erken and
Kaleci, 2010; Moradi et al., 2016; Lagha et al., 2001; Tuncer, 2019; Maesaroh and Demirbag, 2020).

In the literature review on the germination status and dormancy breaking methods of the seeds
of gum tragacanth, it was seen that no study was conducted. Therefore, this study was planned to
determine the temperature at which gum tragacanth showed high germination and which methods
methods would be appropriate for breaking the dormancy in seeds.

2. Materials and Methods

2.1. Plant material

The study was carried out in the laboratory of the Department of Field Crops, Faculty of
Agriculture, 1gdir University, in 2019. The seeds of gum tragacanth were cut in October-November and
dried in the shade after being brought to the laboratory. The dried shoots were crushed with a plastic
board on the bottom of the sieve, and the seeds were removed from the shoots. Damaged and broken
seeds in the seeds were removed. The 1000 grain weight of the seeds was determined as 3.7 g. Seeds
were stored in airtight packages at 5 °C until used. Seed viability and dormancy applications were carried
out according to ISTA rules (ISTA, 2017).

2.2. Germination test

The seeds were germinated in the dark at constant temperatures of 10, 15, 20, and 25 °C and
variable temperatures of 20/10 °C, 20/15 °C, 25/10 °C, and 25/15 °C. 3x25 seeds were used in each
application. The seeds to be germinated were kept in 5% sodium hypochlorite for 60 seconds and then
left to dry for 30 seconds on germination papers for half an hour. After the seeds were placed on the
germination paper in a 120x20 mm glass petri dish, they were left on the germination papers with 25
seeds in each glass petri dish and then covered with a second germination paper. Germination papers
were wetted with water prepared by adding 0.2 g of pomarsol to 1 liter of distilled water as starting
water to prevent fungus growth. After the establishment of the experiment, daily counts were made for
28 days, and rootlets germinating above 2 mm were accepted as germinated (ISTA, 2017). At the end
of the 28th day, normal, abnormal, and dead seeds were counted.
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2.3. Dormancy breaking applications

12 dormancy breaking methods were applied to gum tragacanth milkvetch based on ISTA
(2017) rules. After the dormancy breaking methods were applied, the seeds that showed the highest total
and normal germination at the end of the germination tests were subjected to germination tests for 28
days at 25/10 °C and 25/15°C. Since the highest total and normal germination in all dormancy breaking
applications occurred at 25/15 °C, statistical analyzes were made based on data at only 25/15 °C
temperature.

2.3.1. Matrix priming

Seed: vermiculite: water; The seeds and vermiculite were placed in gauze nets in a 2: 1: 3 ratio
and placed in opaque containers with water. The dishes were kept in the dark for 24, 36, and 48 hours
at 15 °C and then dried to their initial weight at 25 °C.

2.3.2. Hydro priming

The seeds to be used in hydro priming application were kept in water at 20 °C for 5 hours, and
then surface drying was applied to the seeds. After the surface drying process, the seeds in the tulle
pouch were left on the wire tray in the aging pots filled with water so that they do not come into contact
with water. The mouth of the aging containers was covered with a cling film in an airtight manner, and
the lids of the containers were tightly closed. Seeds kept in aging containers at 20 °C for 60, 72, and 96
hours were dried at room temperature until they reached their initial weight.

2.3.3. Gibberellic acid

The seeds were kept in the dark for 24 hours in 250, 500, and 1.000 ppm GAj3 solutions so that
they were completely submerged, and then surface drying was applied to the seeds.

2.3.4. Potassium nitrate

The seeds were kept in the dark for 6 hours in 2% and 4% KNOs solutions so that they were
completely submerged, and then surface drying was applied to the seeds.

2.3.5. Cold moist stratification

After the seeds were placed between completely saturated coarse filter papers, they were placed
in tulle pouch, and the applications were kept at 5 °C for 3 and 4 weeks.

2.3.6. Warm moist stratification

The seeds were kept for 1 and 2 weeks at 20 °C between completely saturated coarse filter
papers and surface drying was applied to the seeds.

2.3.7. Warm-+cold moist stratification

The seeds were kept between completely saturated coarse filter papers at 20 °C for 1 and 2
weeks, then kept at room temperature for 24 hours and then kept at 5 °C for 3 and 4 weeks. Afterwards,
surface drying was applied to the seeds.

2.3.8. Cold+warm moist stratification

Seeds were kept between completely saturated coarse filter papers at 5 °C for 3 and 4 weeks,
then 24 hours at room temperature, and then at 20 °C for 1 and 2 weeks. Then, surface drying was done
on the seeds.

2.3.9. Coldwater

The seeds were kept in tulle pouch for 1, 2, and 4 weeks at 5 °C, completely submerged in water,
and then surface drying was performed on the seeds.

2.3.10. Hot water

The seeds were kept in tulle pouch for 2 and 4 minutes in boiling (100 °C) water so that they
were completely submerged in the water. Then the surface drying process was carried out.
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2.3.11. Mechanical scarification (Sanding)
Seeds were abraded in a shaking device for 5, 10, and 15 minutes in size 10 sandpaper.
2.3.12. Chemical scarification (Sulfuric acid)

Seeds were kept in 96% H>SO4 for 10, 20, and 30 seconds. After the application, the seeds were
washed with pure water and left to dry on blotting paper.

2.4. Comparison of dormancy breaking applications

In the germination tests, the germination rate control data obtained at 25/15 °C temperature were
accepted, and a comparison was made with the dormancy breaking application, which obtained the
highest germination rate after each dormancy breaking method was applied.

2.5. Statistical analysis

The analysis of variance was carried out according to the randomized plots experimental design
according to the JMP 5.0.1 package program of the research data. The mean of the important factors is
grouped according to the least significance difference (LSD).

3. Results and Discussion

3.1. Germination rates of Astragalus gummifer at different temperatures

There were significant changes in the total and normal germination rates of gum tragacanth
milkvetch seeds germinated at different temperatures. Total germination rates were 2.7%, 8.0%, 8.0%,
8.0%, 5.3%, 8.0%, 10.7% and 10.7%. at 10, 15, 20, 25, 20/10, 20/15, 25/10 and 25/15 °C temperatures,
respectively. On the other hand, normal germination rates were 0.0%, 4.0%, 5.3%, 8.0%, 5.3%, 8.0%,
9.3% and 9.3%, respectively. The highest total and normal germination rates were found at 25/10 °C
and 25/15 °C temperature values. There was no significant change in abnormal germination rates at
different temperatures. Although the germination rate of Astragalus gummifer seeds increased slightly
due to the increase in temperature, it was observed that the seeds showed dormancy at a significant rate
(89.3%). It is an expected situation to show dormancy in uncultured plants. Astragalus gummifer seeds
were not found to germinate normally at 10 °C, the lowest temperature used in the study, while there
was some germination due to the increase in temperature, but this germination rate remained at 9.3%
(Figure 1).

It was determined that there was no significant change in the germination rate between different
temperature values without pretreatment, and the highest germination rate was 10% in Astragalus
adsurgens, 3.17% in Astragalus maritimus, 4% in Astragalus arpilobus and Astragalus bibullatus, and
the species showed significant dormancy. (Kondo and Takeuchi, 2004; Bacchetta et al., 2011; Albrecht
and Penagos, 2012; Long et al., 2012). On the other hand, it was determined that Astragalus adsurgens
germinated at different temperature values at 30 °C, Astragalus gines-lopezii at 15/25°C and Astragalus
membranaceus at 10 °C (Jaganathan et al., 2019; Zhou et al. al., 2012; Schnadelbach et al., 2016).
Generally, Astragalus seeds appear to show high dormancy. Salsola kali subsp. ruthenica seeds at 10
and 25 °C (Obali, 2009), Alhagi pseudodalhagi seeds at 25 °C (Moradi et al., 2016). As can be seen in
previous research, the germination temperatures of the seeds vary according to the plant genus and
species.
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Figure 1. Total, normal and abnormal germination rates of Astragalus gummifer seeds at different
temperatures (Total germination LSDs: 3.0**, Normal germination LSDs: 4.7**, Abnormal
germination LSDs: 4.7ns), **P < 0.01 are significant within the probability limits, ns is insignificant.

3.2. Germination rates of Astragalus gummifer in dormancy breaking applications

3.2.1. Matrix priming

While matrix priming application at different times had a significant effect on total seed
germination and normal seed germination rates of gum tragacanth milkvetch, it was observed that it did
not have a significant effect on abnormal seed germination rate. When matrix priming was applied for
24,36, 48 hours, total seed germination rates in gum tragacanth milkvetch seeds were 8.0%, 22.7%, and
8.0%, respectively. The highest total seed germination rate was 22.7% in the matrix priming application
for 36 hours. The lowest total germination rate of 8.0% was observed in the seeds applied 24 and 48
hours of matrix priming. Normal germination rates were determined as 20.0% in gum tragacanth
milkvetch seeds, which were applied matrix priming for 36 hours (Table 1).

In the literature studies, it was seen that matrix priming application was not tested in Astragalus
species. However, studies on different plant species (A/lium cepa, Abelmoschus esculentus and Allium
ampeloprasum) determined that matrix priming increased the seed germination rate compared to control
and was a successful method in breaking dormancy (Ozden et al., 2018a; Pandita et al., 2010; Ozden et
al., 2018b). In the present study, it was found that matrix priming application increased the germination
rate in Astragalus gummifer seeds and revealed that it was an effective method in breaking dormancy,
which also supports previous studies.

3.2.2. Hydro priming

The effect of different hydro priming applications on seed germination rates of gum tragacanth
milkvetch was not significant. With the application of hydro priming for 48, 72, and 96 hours, total seed
germination rates of gum tragacanth milkvetch were 10.7%, 9.3%, and 2.7%, while normal germination
rates were 10.7%, 6.7%, and 2.7%, and abnormal germination rates were 0.0%, 2.7%, and 0.0%,
respectively,

In previous studies, no hydro priming application was found to break the dormancy in the seeds
of Astragalus species. However, they determined hydro priming of Nigella sativa (Tajbakhsh et al.,
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2014), Allium cepa (Ozden et al., 2018a), and Lactuca sativa (Rao et al., 1987) seeds increased the
germination rate compared to the control and was a successful method in breaking dormancy.

3.2.3. Gibberellic acid

Gibberellic acid application at different concentrations had a significant effect on the total
germination and abnormal germination rate of gum tragacanth, but the effect on the normal germination
rate was not significant (Table 1).

Table 1. The effects of some dormancy breaking practices on seed viability of Astragalus gummifer

Application  Total germination Normal germination Abnormal germination
Aplications levels (%) (%) (%)
24 hour 8.0b 8.0b 0.0
Matrix Priming 36 hour 22.7a 20.0a 2.7
48 hour 8.0b 8.0b 0.0
LSD value and significant 6.05%* 0.00** 6.05 ns
48 hour 10.7 10.7 0.0
Hydro priming 72 hour 9.3 6.7 2.7
96 hour 2.7 2.7 0.0
LSD value and significant ns ns ns
250 ppm 6.7b 6.7 00b
Gibberellic acid 500 ppm 10.7 a 6.7 4.0a
1000 ppm 10.7 a 9.3 1.3 ab
LSD value and significant 3.83%* ns 3.02%*
Potassium nitrate 702 10.7 93 1.3
%4 10.7 9.3 1.3
LSD value and significant ns ns ns
. . . 3 week 24.0a 213 a 2.7
Cold moist stratification 4 week 40D 27b 13
LSD value and significant 9.94** 5.74%* ns
. . . 1 week 9.3 8.0 1.3
Warm moist stratification 2 week 14.7 12.0 27
LSD value and significant ns ns ns
1 week+3 week 14.7b 12.0 be 2.7
Warm + cold moist 1 week+4 week 24.0a 173 a 6.7
stratification 2 week+3 week 12.0b 93¢ 2.7
2 week+4 week 16.0 ab 16.0 ab 0.0
LSD value and significant 9.23%* 4.80* ns
3 week+1 week 10.7 10.7 0.0
Cold + warm moist 3 week+2 week 14.7 12.0 2.7
stratification 4 week+1 week 14.7 13.3 1.3
4 week+2 week 9.3 6.7 2.7
LSD value and significant ns ns ns
1 week 13.3b 8.0 53
Cold water 2 week 20.0a 13.3 6.7
4 week 14.7b 12.0 2.7
LSD value and significant 3.70** ns ns
Hot water 2 minute 50.7 38.7 12.0b
4 minute 46.7 20.0 26.7 a
LSD value and significant ns ns 5.74%*
Mechanical scarification 1501:115211:; S%(La ;037 3(3) E
15 minute 93b 9.3 00b
LSD value and significant 6.05%* ns 3.02%*
10 second 6.7b 6.7 0.0
Chemical scarification 20 second 10.7 a 10.7 0.0
30 second 9.3 ab 8.0 1.3
LSD value and significant 3.02%* ns ns

*P < 0.05 significant at probability limits, **P < 0.01 significant at probability limits, ns not significant.

Total germination rates of gum tragacanth seeds were 6.7%, 10.7%, and 10.7% in 250, 500, and
1000 ppm applications of gibberellic acid. While the highest total germination rate was obtained in 500
and 1000 ppm gibberellic acid application, the lowest total germination rate was found in 250 ppm
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application. Gibberellic acid application at different concentrations did not have an effect on increasing
the germination rates obtained without any dormancy breaking the application. Although the application
of gibberellic acid in breaking dormancy is a common application, the application of gibberellic acid in
gum tragacanth seeds did not make a significant contribution to the increase in germination rate. In
studies on some Astragalus species, it has been revealed that gibberellic acid application is not effective
in breaking dormancy (Ikram et al., 2014). On the other hand, it is an effective method in breaking
dormancy (Zhou et al., 2012; Keshtkar et al., 2008). On the other hand, it was determined that the
application of gibberellic acid to Centaurea tchihatcheffii, Capparis ovata, Arbutus andrachne, Thlaspi
lilacinum, Draba brunifolia, and Vitis vinifera seeds increased the germination rate of seeds and was an
effective method in breaking dormancy (Okay and Giinéz, 2009; Gokg¢ol and Duman, 2018). ; Onursal
and Gozlekei, 2007; Kirmizi, 2017; Akkurt et al., 2013). However, in studies conducted on Achillea
gypsicola, Saponaria halophila, and Chamaecytisus pygmaeus species, it was determined that
gibberellic acid application was not effective in increasing the seed germination rate (Colak, 2011; Erken
et al., 2014; Ac¢ikgdz and Kara, 2019).

3.2.4. Potassium nitrate

There was no significant difference between 2% and 4% potassium nitrate application on total
germination, normal germination, and abnormal germination rate of gum tragacanth. Total germination,
normal germination, and abnormal germination rates were 10.7%, 9.3%, and 1.3%, respectively, in both
potassium nitrate applications (Table 1). In previous studies, it was determined that potassium nitrate
application was not effective in increasing the germination rate of some Astragalus seeds (Ikram et al.,
2014), while it increased the germination rate in some species (Zhou et al., 2012). In the current study,
it was determined that potassium nitrate application was not effective in increasing the germination rate
of gum tragacanth seeds.

3.2.5. Cold moist stratification

Changes in total germination and normal germination rates were observed in gum tragacanth
seeds, which were subjected to cold moist stratification at different times. The total germination rates in
the seeds germinated after the 3rd week and 4th week of cold moist stratification application were 24.0%
and 4.0%, respectively, while the normal germination rates were 21.3% and 2.7% (Table 1). Considering
these values, total germination and normal germination rates were higher in seeds that were cold moist
stratification for 3 weeks. It has been determined that there will be significant decreases in germination
rates of gum tragacanth seeds in case of longer cold stratification (4 weeks).

In a study conducted by Cavieres and Almedia (2018), although cold stratification increased the
germination of Astragalus looseri seeds by 9% compared to the control, this increase was found to be
statistically insignificant. Germination rates were determined as 7.7% in control application and 16.7%
in cold stratification. Long et al. (2012) applied Astragalus arpilobus seeds in wet sand at 4 °C for 4, §,
12, and 16 weeks. Cold stratification did not increase the germination rate of seeds, and they determined
that it was not an effective method for breaking dormancy. Jones et al. (2016) applied cold stratification
to Astragalus filipes seeds for 3 weeks at 4 °C. Cold stratification increased the germination rate of
seeds, and it was determined to be an effective method for breaking dormancy. Isavand et al. (2005)
applied cold stratification to Astragalus siliquosus seeds. Cold stratification increased the germination
rate of seeds, and it was determined to be an effective method for breaking dormancy.

Studies have shown that cold folding has a positive effect on breaking dormancy. In the current
study, it has been seen that cold stratification is an effective method in breaking dormancy and
encourages germination, which supports previous studies.

3.2.6. Warm moist stratification

There was no significant difference in seed germination rates between 1 and 2 weeks of warm
stratification of seeds of gum tragacanth. The total germination rates of seeds, which were germinated
after 1 and 2 weeks of warm stratification, varied between 9.3% and 14.7%, normal germination rates
between 8.0% and 12.0%, and abnormal germination rates between 1.3% and 2.7%, respectively (Table
1). In a study, It was determined that the application of warm stratification to Salsola kali subsp.
ruthenica. Seeds decreased the germination rate compared to the control and had no effect on the
breaking of dormancy (Obali, 2009).
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3.2.7. Warm+cold moist stratification

It was observed that the effect of warm+cold stratification at different times on gum tragacanth
seeds on total germination rate and the normal germination rate was significant, but the effect on
abnormal germination was insignificant (Table 1). In 1 week warm—+3 weeks cold, 1 week warm+4
weeks cold, 2 weeks warm+3 weeks cold, and 2 week warm+4 week cold stratification, total
germination rates were 14.7%, 24.0%, 12.0% and 16.0%, normal germination rates were determined as
12.0%, 17.3%, 9.3%, and 16.0%, respectively. The highest total germination and normal germination
rates were obtained in 1 week warm+4 weeks cold stratification (Table 1). Previously, no study has been
found in which warm+cold stratification has been tested in seeds of Astragalus species. However, it was
determined that 3 week warm stratification + 12 week cold stratification application of Fraxinus ornus
seeds had a significant effect on the germination rate (Tilki, 2005). On the other hand, it was determined
that the application of warm+cold stratification to Flueggea anatolica seeds had no effect on breaking
dormancy (Avsar and Ok 2009).

3.2.8. Cold+warm moist stratification

It was observed that cold+warm stratification application of gum tragacanth seeds at different
times did not have a significant effect on total, normal and abnormal seed germination rates (Table 1).
In the current study, as a result of 3 weeks cold+1 week warm, 3 weeks cold+2 weeks warm, 4 weeks
cold+1 week warm, and 4 weeks cold+2 weeks warm stratification, total seed germination rates were
10.7%, 14.7%, 14.7%, and 9.3%, normal seed germination rates were 10.7%, 12.0%, 13.3%, and 6.7%,
respectively.

3.2.9. Cold water

While significant differences were observed in the total germination rate of gum tragacanth
seeds by soaking in cold water for 1, 2, and 4 weeks, no significant differences were observed in normal
and abnormal germination rates. Total germination rates were found as 13.3%, 20.0%, and 14.7% in
cold water soaking for 1, 2, and 4 weeks, respectively. In applications, the highest total germination rate
was obtained with 20.0% in cold water soaking for 2 weeks (Table 1). In a study conducted on the
subject, it was determined that keeping Astragalus adscendens and Astragalus podolobus seeds in cold
water at 4 °C for 10 days increased the germination rate of seeds and was an effective method in breaking
dormancy (Tavili et al., 2014). In another study, when Salsola kali subsp. ruthenica seeds were washed
in running water for 24, 48 and 72 hours, germination rates of 87.33%, 86.67%, and 84.67% were
obtained, respectively. In the control, a germination of 84% was achieved. Therefore, it was determined
that the germination rate decreased with the increase in the soaking time of the seeds (Obali, 2009).

3.2.10. Hot water

There were significant changes in the total, normal and abnormal seed germination rates of gum
tragacanth seeds in different times (2 and 4 minutes) soaking in boiling water. Total germination rates
of gum tragacanth seeds kept for 2 and 4 minutes in hot water were 50.7% and 46.7%, normal
germination rates were 38.7% and 20.0%, and abnormal germination rates were 12.0% and 26.7%,
respectively (Table 1). On the other hand, significant differences were observed in abnormal
germination rates in 2 different periods of soaking in hot water. The highest total and normal germination
rates were obtained in the application of soaking gum tragacanth seeds in boiling water for 2 minutes.
It was determined that there was a decrease in the total germination and normal germination rates of the
seeds that were kept in boiling water for a longer time and an increase in the abnormal germination rate
at the same time. It is estimated that hot water application has a significant effect on the permeability of
the seed coat and contributes to the increase in germination rate.

In many studies, the seeds of Astragalus species were soaked in hot water. Astragalus maritimus
and Astragalus verrucosus seeds in 100 °C hot water (Bacchetta et al., 2011), Astragalus adscendens
and Astragalus podolobus seeds in hot water for 5 minutes (Tavili et al., 2014), Astragalus hamosus
seeds in 60, 70, 80, 90 and 100 °C hot water for 5, 10, 15 and 20 minutes (Patane and Gresta, 2006),
Astragalus cyclophyllon seeds in 60, 80 and 100 °C hot water for 5 and 10 minutes (Keshtkar et al.,
2008), Astragalus arpilobus seeds in 70, 80, 90 and 100 °C hot water (Long et al., 2012) and Astragalus
podolobus seeds in boiling water for 1 minute (Agh et al., 2017) applied soaking and determined that
soaking in hot water is an effective method for breaking dormancy. On the other hand, it has been
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determined that soaking in hot water for seeds of Astragalus filipes, Astragalus gines-lopezii, and
Astragalus cicer is not an effective method for breaking dormancy (Kildisheva et al., 2018;
Schnadelbach et al., 2016; Statwick, 2016).

3.2.11. Mechanical scarification

Mechanical scarification of gum tragacanth seeds for 5, 10, and 15 minutes caused significant
changes in total germination and abnormal germination rates. On the other hand, it was determined that
mechanical scarification application for different durations did not cause significant changes in the
normal germination rate (Table 1). As a result of mechanical scarification application of gum tragacanth
seeds for 5, 10, and 15 minutes, total germination rates were 20.0%, 9.3%, and 9.3%, while abnormal
germination rates were determined as 9.3%, 0.0%, and 0.0%, respectively. It was observed that
mechanical scarification caused an increase in abnormal germination rate in the application for 5
minutes, but there was no significant change in normal germination.

Mechanical scarification has been applied to seeds of many Astragalus species. Mechanical
scarification increased the germination rate of the seeds compared to the control in Astragalus peckii,
Astragalus penduliflorus, Astragalus filipes, Astragalus siliquosus, Astragalus hamosus, Astragalus
cicer, Astragalus fridae, Astragalus tribuloides, Astragalus bibullatus, and Astragalus contortuplicatus
seeds and determined that mechanical scarification is an effective method for breaking dormancy
(Miklas et al., 1987; Isavand et al., 2005; Eisvand et al., 2006; Fateh et al., 2006; Patane and Gresta,
2006; Arbabian et al., 2009; Albrecht et al., 2012; Molnar et al., 2015; Pearson, 2015; Jones et al., 2016;
Schnadelbach et al., 2016; Siles et al., 2016; Statwick, 2016; Kildisheva et al., 2018; Dziurka et al.,
2019).

3.2.12. Chemical scarification (Sulfuric acid)

It was observed that keeping gum tragacanth seeds in 96% sulfuric acid for 10, 20, and 30
seconds caused a difference in total germination rates, while it did not cause a significant change in
normal germination and abnormal germination rates. The total germination rates in seeds kept for 10,
20 and 30 seconds in chemical scarification were found to be 6.7%, 10.7%, and 9.3%, respectively. The
highest total germination rate was observed in the seeds that applied chemical scarification for 20
seconds (Table 1). When the seeds of gum tragacanth were kept in sulfuric acid for 10 and 20 seconds,
no abnormal germination was observed. However, abnormal seed germination was observed at the rate
of 1.3% when kept for 30 seconds.

As chemical scarification, sulfuric acid applications at different concentrations and durations
have been applied to many Astragalus species. It was determined that the application of sulfuric acid to
Astragalus cicer and Astragalus hamosus seeds did not increase the germination rate of the seeds
compared to the control, and it was not an effective method for breaking dormancy (Siles et al., 2016;
Statwick, 2016). On the other hand, the application of sulfuric acid to the seeds of Astragalus
vulnerariae, Astragalus adsurgens, Astragalus penduliflorus, Astragalus maritimus, Astragalus
verrucosus, Astragalus adscendens, Astragalus podolobus, Astragalus siliquosus, Astragalus hamosus,
Astragalus lehmannianus, Astragalus cyclophyllon, Astragalus armatus, Astragalus sinicus, Astragalus
cicer, and Astragalus arpilobus determined that it is an effective method in breaking dormancy (Miklas
et al., 1987; Kondo and Takeuchi, 2004; Isavand et al., 2005; Eisvand et al., 2006; Patane and Gresta,
2006; Keshtkar et al., 2008; Kim et al. al., 2008; Bacchetta et al., 2011; Long et al., 2012; Abudurehman
et al., 2014; Tavili et al., 2014; Dilaver et al., 2017; Kheloufi et al., 2018; Dziurka et al., 2019).

3.3. Comparison of dormancy breaking applications

Each dormancy breaking application with the highest total germination rate was compared with
the germination rates obtained in the control (25/15°C) application. Seed germination rates of gum
tragacanth are given in Figure 2 according to the statistical analysis made to compare dormancy breaking
practices with each other.

It was determined that the differences between different dormancy breaking treatments on total
germination rate, normal germination rate, and abnormal germination rate of gum tragacanth were
statistically significant. The highest total germination and normal germination rates of 50.7% and 38.7%,
respectively, were obtained from gum tragacanth seeds kept in hot water for 2 minutes. Gum tragacanth
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seeds kept in hot water for 2 minutes had 40% more total germination and 29.4% more normal
germination than the control treatment.

Compared with the control application, it was determined that hydro priming, gibberellic acid,
potassium nitrate, warm moist stratification, cold + warm moist stratification, and chemical scarification
applications did not cause a significant change in the total germination rates of gum tragacanth seeds.
On the other hand, it was determined that matrix priming increased the total germination rate of seeds
by 12%, cold moist stratification 13.3%, warm + cold moist stratification 13.3%, cold water soaking
9.3%, and mechanical abrasion 9.3%, compared to the control application.

Compared with the control application, it was determined that hydro priming, gibberellic acid,
potassium nitrate, warm moist stratification, cold+warm moist stratification, cold water soaking,
mechanical scarification, and chemical scarification did not cause any increase in the normal
germination rate of gum tragacanth seeds. On the other hand, matrix priming, which increased the total
germination rate of gum tragacanth seeds slightly compared to the control application, caused an
increase in normal germination rate as 10.7%, cold moist stratification 12.0%, and warm + cold moist
stratification 8.0%.
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Figure 2. Effects of different dormancy breaking treatments on germination of Astragalus gummifer

seeds (at 25/15°C temperature degrees). Treatment= 1: Control, 2: Matrix priming (36 hours), 3: Hydro priming (48 hours), 4:
Gibberellic acid (500 ppm), 5: Potassium nitrate (%2), 6: Cold moist stratification (3 weeks), 7: Warm moist stratification (2 weeks), 8:
Warm + cold moist stratification (1 week+4 week), 9: Cold + warm moist stratification (4 week+1 weeks), 10: Cold water (2 weeks), 11: Hot
water (2 minutes), 12: Mechanical scarification (5 minutes), 13: Chemical scarification (20 seconds). (Total germination LSDs: 7.1**,
Normal germination LSDs: 6.0*%*, Abnormal germination LSDs: 4.6**), **P < 0.01 is significant in the range of probability.

Compared with the control application, matrix priming, hydro priming, gibberellic acid,
potassium nitrate, cold moist stratification, warm moist stratification, cold+warm moist stratification,
and chemical scarification applications did not affect the abnormal germination rate of gum tragacanth
seeds. Compared to the control application, it was determined that there was 5.4% more abnormal
germination rate in the warm+cold moist stratification application, 5.4% in the cold water soaking, and
10.7% in the hot water soaking.

Conclusion
In the current study, the most suitable germination temperatures were found at 25/10°C and
25/15°C values for the seeds of the gum tragacanth bush. The highest dormancy breaking application

was observed in gum tragacanth seeds kept in hot water for 2 minutes. According to the control
application, matrix priming, cold moist stratification, warm moist stratification, warm-+cold moist
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stratification, cold+warm moist stratification, cold water soaking, hot water soaking, and mechanical
scarification applications caused a slight increase in germination rates by breaking the dormancy state
of the gum tragacanth seeds. On the other hand, it was determined that hydro priming, gibberellic acid,
potassium nitrate, and chemical scarification applications did not have significant effects on breaking
the dormancy of gum tragacanth seeds.
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