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Abstract

This study aimed to determine how administering ascorbic acid (AsA) at different salt concentrations (NaCl) affected
the germination and other physiological characteristics of catnip (Nepeta cataria) seeds. For each application, the study
employed four distinct AsA applications (0, 50, 100, and 150 mM) and four distinct NaCl concentrations (0, 50, 100, and
150 mM). Germination rate (%), germination time (day), root length (cm), and stem length (cm) were the criteria
examined in this study.

This study showed that germination was adversely affected by increased salt concentrations. Treatments with 50 mM
and 100 mM AsA also showed positive effects on germination and other measures. It has been shown that catnip plant
germination in saline conditions may be positively impacted by the ideal administration of AsA.
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1. Introduction

With over 300 species, the genus Nepeta is one of the biggest in the Lamiaceae family. It is found in temperate climates
and is naturalized in North America. It is mostly found in central and southern Europe, the Near East, central and
southern Asia, and certain parts of Africa. Particularly in Southwestern Asia (Iran and Turkey), the majority of Nepeta
species are native (Acimovic et al., 2021).

The most common and most researched species is Nepeta cataria, often referred to as catnip or catmint (Klimek and
Modnicki, 2005; Acimovic et al., 2020). The intense affinity that most cats have to this species is the source of the term
catmint (Manju et al., 2019). As the term catnip is derived from the word "nip" which means a little amount of liquor
that intoxicates cats, it is widely known that this plant is a powerful behavior-altering stimulant that causes euphoria
or stupor in both domestic cats and huge wild cats (Sherry and Koontz, 1979; Small 2012). In order to enhance the
quality of life and reduce stress, it is frequently utilized in the pet toy sector as a safe cat attractant, particularly for
indoor cats (Reichert et al., 2016; Bol et al.,, 2017).

Nepeta cataria plants are utilized in traditional medicine (Naghibi et al.,, 2005; Adiguzel et al., 2009). Their broth
contains immunomodulatory qualities, normalizes the respiratory, neurological, and cardiovascular systems, and
increases hunger. Malignancy, cough, liver illness, jaundice, intestinal atony, hysteria, headaches, gynecological
problems, and anti-helminthes agents are among its uses (Gilani et al., 2009). Blood pressure quickly returns to normal
with relatively modest concentrations of essential oils in the air as aerosols. Nepeta cataria essential oil has strong
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antimicrobial and fungicidal properties against mold fungi, including Mucor, Penicillium, and Aspergillus (Zomorodian
et al,, 2012; Foltinova, Tanc¢inova and Cisarova 2017; Tancinova et al,, 2018; Stevi¢ et al., 2014). It is also a powerful
source of nematicidal compounds that can be used in entomology and phytopathology (Pandey et al., 2000; Peterson
and Ems-Wilson, 2003; Tworkoski, 2002; Juglal, Govinden and Odhav, 2002; Amer and Mehlhorn, 2006). Because it
produces monodehydroascorbate, a radical that preferentially combines with radicals rather than non-radical
substances, and because it provides a single reducing equivalent, ascorbic acid (vitamin C) is a unique antioxidant. This
occurs because monodehydroascorbate would form an energetically unfavorable tricarbonyl structure if an electron
were removed. Ascorbic acid does not produce this structure; instead, it oxidizes to monodehydroascorbate, which then
combines with other radicals to oxidize through mechanisms that might prevent the creation of this undesirable
structure (Njus et al,, 2020).

By controlling plant metabolism and development, ascorbic acid makes more nutrients and water available to plants
under salt stress (Torlak 2019). Using non-enzymatic antioxidant molecules like ascorbic acid is another way to
decrease the negative effects of salt stress on plants (Khan et al. 2006).

This reserach aimed to determine how ascorbic acid application affected Nepeta cataria seed germination at different
salt concentrations.

2. Material and methods

The study was conducted in 2024 at Balikesir University Altinoluk Vocational School's Medicinal and Aromatic Plants
Laboratory. Catnip seeds were used as plant material. Four different concentrations of NacCl (0, 50, 100, and 150 mM)
for each priming application were examined in the study along with priming applications (AsA). Analytical grade sodium
chloride was used to create salt stress. Ten minutes prior to germination, the seeds were surface sterilized in a 5%
sodium hypochlorite solution (Uyanik et al.,, 2014). Nazarian (2016) reports that seedlings were primed by soaking
them in AsA solutions at different concentrations for 12 hours after surface sterilization. To recover their initial
moisture content, they were then dried on drying papers for a whole day at room temperature. The seeds were then
seeded in petri dishes at 20+1 °C after these treatments. According to ISTA (1996) rules, seeds were first considered
viable. Fourteen days were spent testing the germination of four-by-twenty-five seeds in petri dishes with two layers of
blotting paper between them (ISTA, 1996). The following values were examined in this study: germination power (%),
germination rate (%), germination index (%), average germination time (cm), root length (cm), and stem length (cm).

Germination time and germination rate were computed by dividing the total number of seeds sown by the number of
seeds that germinated and were obtained on the seventh and fourteenth days (Akinci and Caliskan, 2010). The
experiment's results were statistically examined using the TARIST statistical tool. The LSD test was used to compare
the means.

3. Results

3.1. Effect of Ascorbic Acid on Germination Rate

According to the study's findings, there should be a comparison of the germination rate of catnip seeds in NaCl solution
at the 5 % significance level for variations in NaCl dosages, Ascorbic acid dosages and the NaCl x AsA interaction (Table
1).

Table 1 Ascorbic acid's effect on the rate of seed germination (%)*

NaCL /AsA | 0 mM 50 mM | 100 mM | 150 mM | Means
0 mM 88.00e | 95.00b | 96.00a |91.00d |92.50a
50 mM 79.00f | 95.00b | 95.00b | 88.00e | 89.25Db
100 mM 71.00i | 92.00c | 92.00c | 78.00g | 83.25¢c
150 mM 58.00m | 70.00k | 72.00h | 67.001 66.75d

Means 74.00c | 88.00a | 88.75a 81.00Db
LSD naci: 2.747; LSD asa:1.838; LSD 1.t 0.541;*There is no statistical (p <0.05) differences between values with the same letters in the same colums.
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The average concentrations of NaCl were investigated and the highest germination rate was found at 0 mM NaCl with
92.50 % and the lowest at 150 mM NaCl with 66.75 %. The analysis of the average ascorbic acid dosages showed that
the highest germination rates were 88.75 % at 100 mM AsA and 88.00 % at 50 mM AsA, while the lowest germination
rate was 74.00 % at 0 mM AsA. Examining the NaCl x AsA interaction, the 0 mM x 100 mM interaction had the highest
germination rate (96.00 %), whereas the 150 mM x 0 mM interaction had the lowest germination rate (58.00 %).

3.2. Effect of Ascorbic Acid on Germination Time

The study suggests that at the 5 % significant level, the germination durations of catnip seeds in NaCl solution with
different concentrations should be compared to NaCl doses, Ascorbic acid dosages and the NaCl x AsA interaction (Table
2).

An investigation of average NaCl concentrations showed that the earliest germination time in 0 mM NaCl was 4.24 days,
and the latest germination time in 150 mM NaCl was 5.68 days.

Table 2 Ascorbic acid's effect on the germination time of seeds (days)*

NaCL /AsA | OmM | 50 mM | 100 mM | 150 mM | Means
0 mM 412h | 3.96i 371k 5.04de | 4.24d

50 mM 486f |440g |436g 5.36¢ 475c

100 mM 528cd | 492e | 4.75fg 5.88b 521b

150 mM 583b | 5.52 5.25d 6.12a 5.68 a

Means 503b | 4.70c | 4.55d 5.60a

LSD nact: 0.425; LSD asa:0.193; LSD 1ne.: 0.219;*There is no statistical (p <0.05) differences between values with the same letters in the same colums.

The earliest germination period in 100 mM AsA was 4.55 days, while the longest germination time in 150 mM AsA was
5.60 days, according to the study, which examined average ascorbic acid dosages. When the NaCl x AsA interaction was
examined, the earliest germination durations were 3.71 days in the 0 mM x 100 mM interaction, and the latest
germination time was 6.12 days in the 150 mM x 150 mM interaction.

3.3. Effect of Ascorbic Acid on Root Length

Catnip seed root length fluctuation in NaCl solution with different concentrations between salt doses, ascorbic acid
doses and the NaCl x AsA interaction should be examined at the 5% significant level, the study suggests (Table 3).

When examining the typical NaCl values, the longest root measured 1.58 cm in 0 mM NaCl and the shortest 0.92 cm in
150 mM NacCl.

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

NaCL /AsA | O0mM | 50 mM | 100 mM | 150 mM | Means
0 mM 1.52d | 1.72a | 1.68Db 1.38¢ 1.58a

50 mM 1.38e | 1.54d | 1.60c 122¢g 1.43b

100 mM 1.12h | 1.05 1.57c 1.33f 1.27c

150 mM 0.551 | 090k | 1.08i 1.14h 0.92d

Means 1.14d | 1.30b | 1.48a 1.27 c

LSD nact: 0.117; LSD asa:0.121; LSD 1ne.: 0.037; *There is no statistical (p <0.05) differences between values with the same letters in the same colums.

The average ascorbic acid dosages were analyzed, and the longest root length was 1.48 cm at 100 mM AsA and the
shortest was 1.14 cm at 0 mM AsA.

The NaCl x AsA interaction revealed the longest root length of 1.72 cm in the 0 mM x 50 mM interaction, while the 150
mM x 0 mM interaction revealed the shortest root length of 0.55 cm.
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3.4. Effect of Ascorbic Acid on Stem Length

At the 5 % significant level, the study recommends comparing the stem length of catnip seeds in NaCl solution with
different concentrations between NaCl doses, Ascorbic acid dosages, and the NaCl x AsA interaction (Table 4).

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

NaCL /AsA | 0 mM 50mM | 100 mM | 150 mM | Means
0 mM 1.08cd | 1.18b | 1.24a 0.78¢g 1.07 a
50 mM 1.05de | 1.16b | 1.11c 0.70 h 1.00b
100 mM 095f | 098f | 1.03e 0.651i 0.90c
150 mM 0.75gh | 0.78g | 0.82g 0.52 k 0.72d

Means 0.96Db 1.03 a 1.05a 0.66 c
LSD nact: 0.065; LSD asa:0.054; LSD 1ae.: 0.033; *There is no statistical (p <0.05) differences between values with the same letters in the same colums.

In comparison to the usual concentrations of NaCl, the highest stem length measured 1.07 cm in 0 mM NaCl and the
smallest was 0.72 cm in 150 mM NaCl. According to an analysis of the average dosages of ascorbic acid, the minimum
stem length was 0.66 cm at 150 mM AsA, and the maximum stem length was 1.05 and 1.03 cm at 100 mM and 50 mM
AsA.

The investigation of the NaCl x AsA 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. They were, respectively, 1.24 cm and 0.52 cm.

4., Discussion

Although the methods for producing and utilizing ascorbic acid (ASA) can differ depending on the developmental and
functional stages of the seed, the ASA system operates dynamically in seeds. According to Tullio and Arrigoni (2007),
orthodox seeds have neither ASA nor ASA peroxidase at quiescence, but they do have a small amount of dehydroascorbic
acid (DHA) and significant ASA recycling enzyme activity. This is because the ASA content and ASA peroxidase activity
in orthodox seeds increase during the early stages of development and then decrease during the desiccation stage.

Ascorbic acid (AsA) is essential for the germination phase in addition to regulating the physiology of stress in plants
(Arrigoni et al. 1997; Noctor and Foyer, 1998; Conklin, 2001). Bassuony et al. (2008); Mohsen et al. (2013); The findings
of this study are consistent with the research conducted by Erkoyuncu and Yorgancilar (2020).

Yaver and Pasa (2009), Pasa (2022), Farahbakhsh (2012), Jam et al. (2012), Soliman et al. (2016), Ramanujam et al.
(1998), Mendoza etal. (2002), Tarietal. (2002), El-Tayeb (2005), and Erkoyuncu and Yorgancilar (2020) have all shown
that the findings of this study are in line with previous research.

5. Conclusion

According to this study, germination was negatively impacted by increased salt concentrations. Additionally, high values
for the germination rate, germination time, stem length, and root length criteria were attained in 50 mM and 100 mM
AsA treatments. It has been discovered that catnip plant germination in saline conditions can be positively impacted by
the ideal administration of AsA.
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