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Abstract

The purpose of this study was to determine how applying salicylic acid (SA) at different salt (NaCl) concentrations
affected the germination and other physiological characteristics of Echinacea (Echinacea purpurea L.) seeds. Four
distinct SA applications (0, 50, 100, and 150 mM) and four distinct NaCl concentrations (0, 50, 100, and 150 mM) were
employed in the study for each application. The following factors were examined in the study: root length (cm), stem
length (cm), germination period (day), and germination rate (%).

Higher salt concentrations had a detrimental influence on germination, according to this experiment. Moreover, 50 mM
and 100 mM SA treatments showed favorable impacts on germination and other metrics. The germination of fenugreek
plants in saline settings has been observed to be positively impacted by the optimum delivery of SA.
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1. Introduction

Native to North America, Echinacea is a herbaceous perennial plant that is frequently used for perennial gardening, wild
flower propagation, and occasionally as a cut flower (Wartidiningsih and Geneve, 1994; Fariman et al,, 2011). Due to its
immunostimulatory, antiviral, and antibacterial benefits for humans (Li, 1998; Percival, 2000), it is also a significant
medicinal herb that has recently gained international recognition. Since 1930, it has been used as a medicinal plant to
reduce upper respiratory infections in humans and control influenza (Fugeh-Berman, A. 2003). According to Wills and
Stuart (1999) and Letchamo et al. (2002), Echinacea is widely grown commercially in the United States, Canada, Europe,
Russia, and Australia.

Salinity stress is a type of environmental stressor that belongs to the chemical stress group that affects cultivated plants.
The growing environment's high salt content has a number of detrimental impacts (Kara et al., 2019). Enzyme activation
problem, nutritional imbalance, membrane dysfunction, general metabolic process disruptions, osmotic
incompatibility, water intake imbalance, oxidative stress, and overall developmental failure are some of these adverse
impacts (Orcutt and Nilsen, 2000).

According to some research, when Calcium, K, or P-containing compounds are applied externally to plants under salt
stress, they compete with sodium in the plant's leaves and roots and decrease its uptake. As the plant's levels of these
ions rise to a point where it can withstand stress, the plant's ability to do so also increases (Hasegawa and Bressan,
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2000; Kaya et al,, 2001; Kaya and Higgs, 2003). According to a study (Niu and Rodriguez, 2006), Echinacea purpurea
exhibits good development with rising salt levels in the fall but has poor resistance to salinity in the summer.

Additionally, it has been found that E. purpurea exhibits a moderate level of resistance to salinity at low temperatures
and periods of low light intensity at various salinity levels, such as CaCl and NaCl (Zollinger et al., 2007). Additionally, it
has been reported that NaCl salinity in echinacea decreases plant growth while increasing the accumulation of cichoric
and chlorogenic acids in the roots (Montanari et al., 2008).

Both high and low temperatures have been observed to aid in seed germination when salicylic acid is applied (Korkmaz,
2005; Ozdener and Kutbay, 2008; Ekinci et al. 2011). Salicylic acid is a phenolic molecule that acts as a phytohormone,
assisting in the regulation of several phases of growth and development, including as photosynthesis, respiration,
flowering, and senescence, of which germination is a crucial part (Rivas-San Vicente & Plasencia, 2011). Using salicylic
acid as a priming therapy has been shown in numerous studies to reduce the effects of salinity on plants (Jini and Joseph,
2017; Anaya et al. 2018).

The purpose of this study was to ascertain the impact of applying, salicylic acid on the germination of Echinacea
(Echinacea purpurea L.) seeds at varying salt concentrations.

2. Material and methods

The study was carried out in 2024 at the Medicinal and Aromatic Plants Laboratory of Balikesir University Altinoluk
Vocational School. Seeds of Echinacea were employed as plant material. In the study, priming applications (SA), four
distinct concentrations (0, 50, 100, and 150 mM) NaCl and priming application were taken into consideration. Salt stress
was produced using analytical grade NaCl. The seeds were surface sterilized in a 5% sodium hypochlorite solution for
ten minutes before to germination (Uyanik et al., 2014). According to Nazarian (2016), seeds that had been surface
sterilized were held in varying concentrations of SA solutions for 12 hours in order to prime them. After that, they were
dried on drying papers at room temperature for 24 hours in order to restore their original moisture content. Following
these treatments, the seeds were sown in petri plates at a temperature of 20+1 °C. Seeds were first deemed viable based
on ISTA (1996) guidelines. Four-by-twenty-five seeds were germination tested for fourteen days in petri dishes
sandwiched between two layers of blotting paper (ISTA, 1996). This study looked at the following values: average
germination time (cm), root length (cm), stem length (cm), germination power (%), germination rate (%), and
germination index (%). By dividing the total number of sowed seeds by the number of germinated seeds acquired on
the 7th and 14th days, germination power and germination rate were calculated (Akinci and Caliskan, 2010). The
TARIST statistical tool was used to statistically examine the experiment's data. The means were compared using the
LSD test.

3. Results

3.1. Effect of Salicylic Acid on Germination Rate

The investigation showed that the differences between NaCl doses, salicylic acid doses, and the NaCl x SA interaction
should be examined at the 5 % significant level with regard to the germination rate of Echinacea seeds in different
concentrations of NaCl solution (Table 1).

Table 1 Salicylic acid's impact on the rate of seed germination (%)*

NaCL /SA | 0 mM 50mM | 100 mM | 150 mM | Means
0 mM 75.00b | 78.00a | 78.00a | 64.00d | 73.75a
50 mM 71.00c | 75.00b | 75.00b | 60.00e | 70.25b
100 mM 66.00d | 69.00cd | 70.00c | 52.00f | 64.25¢c
150 mM 50.00fg | 53.00f | 61.00e | 47.00g | 52.75d

Means 65.50c | 68.75b | 71.00a | 55.75d
LSD naci: 2.486; LSD sa: 1.875; LSD me.: 3.451; *There is no statistical (p <0.05) differences between values with the same letters in the same colums.
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When the average NaCl concentrations were examined, the highest germination rate was 73.75 % at 0 mM NaCl and the
lowest was 52.75 % at 150 mM NaCl.

The greatest germination rate, 71.00 %, was observed at 100 mM salicylic acid (SA), while the lowest germination rate,
55.75 %, was observed at 150 mM SA, when comparing the average salicylic acid dosages. Investigating the NaCl x SA
interaction revealed that the germination rate was 47.00 % in the 150 mM x 150 mM interaction and 78.00 % in the 0
mM x 50 mM and 0 mM x 100 mM interaction.

3.2. Effect of Salicylic Acid on Germination Time

The study's findings suggested that, in order to account for variations in NaCl dosages, salicylic acid dosages, and the
NaCl x SA interaction, the germination times of Echinacea seeds in NaCl solution with different concentrations should
be evaluated at the 5 % significant level (Table 2).

When the average NaCl concentrations were examined, the earliest germination period was 4.96 days in 0 mM NaCl and
the latest germination time was 6.78 days in 150 mM NacCl.

By analyzing the typical dosages of salicylic acid, the earliest germination periods were 5.25 days in 50 mM SA and 5.21
days in 100 mM SA; the latest germination day was 6.22 days in 150 mM SA.

The NaCl x SA interaction was found to have the earliest germination dates of 4.36 days for the 0 mM x 100 mM
interaction and 7.20 days for the 150 mM x 0 mM interaction.

Table 2 Salicylic acid's effect on the germination period of seeds (days)*

NaCL/SA | OmM | 50mM | 100 mM | 150 mM | Means
0 mM 510g | 485h | 436k 552f 496d
50 mM 535f | 455ik | 472hi | 586ef | 512c
100mM | 6.12e | 5.24fg | 5.08gh | 6.58¢c 5.76 b
150mM | 7.20a | 6.35d | 6.67c 6.90 b 6.78 a

Means 594b | 525¢ | 521c 6.22 a
LSD nact: 0.136; LSD 54:0.068; LSD 1e.: 0.283; *There is no statistical (p <0.05) differences between values with the same letters in the same colums.

3.3. Effect of Salicylic Acid on Root Length

The study found that variations in the quantities of salicylic acid, NaCl, and the NaCl x SA interaction were examined at
the 5 % significant level when comparing the root length of Echinacea seeds in NaCl solution with different
concentrations (Table 3). When examining average NaCl concentrations, the longest measured root length was 1.78 cm
in 0 mM NaCl, and the shortest was 1.14 cm in 150 mM NaCl.

Table 3 Salicylic acid's impact on root length (cm)*

NaCL/SA |OmM | 50mM | 100 mM | 150 mM | Means
0 mM 1.75bc | 1.82a | 1.84a 1.72¢ 1.78a
50 mM 1.63d | 1.78b | 1.82a 1.65d 1.72b
100 mM 1.38f | 1.44e | 1.72c 132g 147 ¢
150 mM 1.05i | 1.15hi | 1.18h 1.16 h 1.14d

Means 1.45¢c 1.55b 1.64 a 146 ¢
LSD nact: 0.051; LSD 54:0.074; LSD me.: 0.036; *There is no statistical (p <0.05) differences between values with the same letters in the same colums.
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The biggest root length was 1.64 cm in 100 mM SA, the shortest was 1.46 cm in 150 mM SA, and the smallest was 1.45
cm in 0 mM SA, according to an analysis of the usual salicylic acid dosages. The longest root lengths in the NaCl x SA
were 1.84 cm in the interaction between 0 mM and 100 mM, 1.82 cm in the interaction between 50 mM and 100 mM,
and 1.82 cm in the interaction between 0 mM and 50 mM. In contrast, in the 150 mM x 0 mM interaction, the smallest
root length was 1.05 cm.

3.4. Effect of Salicylic Acid on Stem Length

According to the study's findings, Echinacea seed stem length in NaCl solution at different concentrations should be
compared at the 5 % significant level for both the NaCl x SA interaction and the dosages of salicylic acid and NaCl (Table
4).

Table 4 Salicylic acid's effect on stem length (cm)*

NaCL/SA |OmM | 50mM | 100 mM | 150 mM | Means
0 mM 1.51c | 1.58b | 1.62a 0.67 h 1.35a
50 mM 137de | 1.44d | 1.41d 0.581i 1.20b
100mM | 0.89g | 1.09f | 133e 0.45k 094 c
150mM | 0.63g | 0.65h | 0.64hg | 0411 0.58d

Means 1.10c 1.19b 1.25a 0.53d
LSD nact: 0.133; LSD 54:0.042; LSD 1e.: 0.038; *There is no statistical (p <0.05) differences between values with the same letters in the same colums.

When the average NaCl values were examined, the longest stem measured 1.35 cm in 0 mM NaCl and the smallest 0.58
cm at 150 mM NaCl. When the average salicylic acid dosages were examined, the maximum stem length was 1.25 cm in
100 mM SA and the minimum stem length was 0.53 cm in 150 mM SA. Investigating the NaCl x SA interaction revealed
the lowest stem length in the 150 mM x 150 mM interaction and the longest stem length in the 0 mM x 100 mM
interaction. These measurements were, respectively, 1.62 cm and 0.41 cm.

4. Discussion

Although echinacea seeds grown under stress have a 97 % germination rate, plants grown under stress can have an 82
% germination rate (Bewley, 1997; Samfield et al, 1990). On the other hand, wild echinacea genotypes have a
substantially lower germination rate. Dormancy is the cause of the low germination rate in echinacea seeds;
nevertheless, it has been observed that applying cold stratification (Wartidiningsih et al., 1994) and ethephon
(Feghahati and Reese, 1994) prior to germination breaks dormancy and increases germination rate. Direct field sowing
of echinacea seeds results in significant issues with germination and emergence due to their high rate of dormancy
(Smith-Jochum and Albrecht, 1987; Altwater, 1980). This issue has been attempted to be resolved chemically and
physically, and it has been noted that GAsz sprays have no effect on germination (Duan et al., 2004; Kochankov et al,,
1998) and actually encourage germination (Macchia et al., 2001; Smith-Jochum and Albrecht, 1987).

The parameters examined in this study were found to suffer when rising SA concentrations were combined with
growing salt concentrations. Salicylic acid reduces oxidative damage, which helps seeds germinate under high salt stress
conditions (Lee et al., 2010).

As shown by (Demirkaya and Arslan 2021), Farahbakhsh (2012), Jam et al. (2012), Soliman et al. (2016), Ramanujam
et al. (1998), Mendoza et al. (2002), Tari et al. (2002), El-Tayeb (2005), and Fariman et al. (2011), the findings of this
study are in line with the literature.

5. Conclusion

Consequently, it was discovered that the echinacea seeds root and hypotcyl lengths, germination rate and number of
days to germination were all adversely impacted by rising NaCl concentrations, but that they peaked in 50 and 100 mM
SA treatments. It was discovered that the germination of Echinacea plants in saline conditions might be positively
impacted by the correct application of SA.
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