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Salvia officinalis is a perennial plant that is utilized in the food industry, cosmetics, and as ornamental flowers in addition 
to its therapeutic significance. One of the issues limiting the growth and output of many agricultural goods across the 
world is salinity. The discovery of salinity-resistant medicinal plants is critical due to the growing trend of salty land 
development and a scarcity of suitable agricultural areas. In 2021, an experiment was conducted on germination indices 
of Salvia officinalis in Lundville hamlet, 10 km from Astara city, to study the influence of salt stress on Salvia officinalis 
germination indices using a complete randomized design with three replications. Germination percentage, seed vigor 
index, radicle length, plumule length, and radicle length to plumule length ratio were all assessed in this research. The 
results revealed that salt treatments had a considerable impact on germination factors. The 20 mM treatment had the 
highest percentage of potential germination, with an average of 55.63 percent, which was greater than predicted (47.87 
percent). Germination percentage, seed vigor index, radicle length, and plumule length all reduced as salt increased. The 
relationships between germination percentage and seed vigor (0.905 **), radicle length (0.887 **), and seedling length 
(0.984 **) were positive and significant, but the ratio of radicle length to seedling exhibited a non-significant negative 
relationship. According to the findings of this study, Salvia officinalis germination and vegetative growth characteristics 
were severely decreased when grown under salt stress of more than 80 mM. In summary, the findings revealed that 
Salvia officinalis is very resistant to saline stress during the germination stage. 
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INTRODUCTION 
The peppermint genus was one of the earliest known to 
botanists because of its vital medicinal and nutritional 
features and capabilities (Zargari, 1993). In Iran, the 
genus Salvia officinalis has about 58 species of annual 
and perennial herbaceous plants, 17 of which are endemic 
to Iran (Mozafarian, 1996). Salvia species have a wide 
range of medicinal and therapeutic applications. Salvia 
limbata is a Mediterranean shrub with heart-shaped 
leaves that grows to a height of 30-80 cm. The blossoms 
are white, and the optimum time to harvest this plant is 
when the flowers first appear (Bi et al. 2021, Gholamin 
and Khayatnezhad, 2020a, Guo et al. 2021, Karasakal et 
al. 2020, Ma et al. 2021, Wang et al. 2021). Salvia 
miltiorrhiza is a medicinal plant that is utilized to treat 
migraine and Parkinson's disease, as well as an 
anticonvulsant, antipyretic, and analgesic for nerve and 
gastrointestinal pain. It also strengthens memory, lowers 
blood pressure and blood sugar, and is used to treat 
migraine and Parkinson's disease. Furthermore, several 
chemicals found in the essential oils of these plants, 
including, Thujene  cineole, and Camphene, have 
antibacterial, antioxidant, and perhaps anticancer activities 

(Shafizadeh, 2002). Plants encounter variable degrees of 
environmental stress during their growth, and stressors 
elicit common responses in plants, but at the start of 
symptoms, they are diverse, as are their receptors. 
Stresses, through expressing a collection of genes, allow 
the plant to heal the damage caused by stress or protect 
the plant from future environmental stresses (Chen et al. 
2021, Gholamin and Khayatnezhad, 2020b, 
Khayatnezhad and Gholamin, 2020a, Sun et al. 2021, 
Wang et al. 2022). The growing global population, along 
with the salinization of agricultural areas, necessitates 
more research on plants that are resistant to severe 
environmental circumstances. Salinity is a major factor 
restricting agricultural productivity across the world, with 
the problem being particularly acute in arid and semi-arid 
regions (Kirigwi et al. 2004). Drought is the most 
prominent agronomic issue that affects production in crops 
that are exposed to it permanently or regularly among 
inorganic stressors (Chandra et al. 2008). In many places 
of the world, salinity is another significant element that 
inhibits plant development. Saline soils account for around 
15% of Iran's total agricultural area, or 24 million hectares 
(Bandani and Abdolzadeh, 2006). The most major 
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environmental stress in the globe is salinity following 
drought (Akhani, H., Ghorbanli, M., 2003; shoukr – Allah, 
R., 2006). The most major environmental stress in the 
globe is salinity following drought (Akhani, H., Ghorbanli, 
M., 2003; shoukr – Allah, R., 2006). Water and soil 
salinity, in addition to affecting radicle water absorption, 
produces challenges for plants in terms of nutrition and 
metabolic processes. Salinity in plants is caused by the 
osmotic effect, ion toxicity, and disruption in nutrient 
uptake (Huang and Redmann. 1995). The seed 
germination stage is critical in determining eventual plant 
density per unit area, which is attained when the seeds 
sowed have the optimum germination percentage and rate 
(Huang and Redmann. 1995). As a result, several 
research on the influence of environmental conditions on 
the germination process has been done (Cheng et al. 
2021, Khayatnezhad and Gholamin, 2020b, Zheng et al. 
2021, Zhu et al. 2021a, Zhu et al. 2021b). In many crops, 
the stage of germination and seedling growth is one of the 
most vulnerable to environmental influences (Yavari et al. 
2001). Rezazadeh and Koochaki (2006) discovered that 
the percentage and germination rate of three therapeutic 
plants,  Trachyspermum , Foeniculum vulgare , and 
Anethum graveolens dhi, reduced with salt. Salami et al. 
(2007) discovered that when salt levels increased in 
Valeriana officinalis and L. Cuminum cyminum, the 
germination percentage, length, and dry weight of 
seedlings and radicle reduced. According to Hosseini and 
Rezvani Moghadam (2007), when drought stress 
increased, the percentage and rate of germination, as well 
as radicle and plumule length, in Plantago ovata dropped. 
zafarnejad et al. (2008) discovered that when salinity 
increased, the ratio of plumule to radicle length,  plunule 
and radicle dry weight, and germination % reduced in 
Plantago ovata. 
  
MATERIALS AND METHODS 
A totally randomized strategy with three replications was 
used to study the influence of salt stress on germination 
indicators of Salvia officinalis in Lundville hamlet, 10 km 
from Astara in 2021. Salinity stress treatments with pure 
sodium chloride (NaCl) were carried out at eight levels, 
including effect (control (zero), 20, 40, 60, 100, 140, 180, 

and 220 mM). Germination percentage, seed vigor index, 
radicle length, plumule length, and radicle length to 
plumule length ratio were all assessed in this study. The 
Michel and Kaufmann formula (Michel and Kaufmann 
(1973)) was employed in these experiments to create 
various solutions for osmotic stress levels. 20 seeds were 
planted on Whatman filter paper in each disinfected 10 cm 
petri dish, and 5 ml of the required solution was added to 
each petri dish. To prevent water loss due to evaporation 
of the solution within the Petri dishes, each petri dish was 
sealed with parafilm, and three tiny holes on the parafilm 
were formed to allow the air essential for seed germination 
to penetrate. The Petri dishes were then put in a 
germinator for 15 days at a temperature of 25 ° C and a 
12-hour light/12-hour darkness light cycle. The number of 
germinated seeds was counted and documented every 
day of the experiment. Seed germination was determined 
by radicle emergence and visibility (Hosseini and Rezvani 
Moghadam, 2007. After the 15th day, the seedling length 
(radicle length + plumule length) was measured. The 
following equation (Shamsaldin et al. 2007) was used to 
obtain the germination percentage: 
 

 
 
Where G represents the germination percentage, n 
represents the total number of germinated seeds, and N 
represents the total number of seeds sowed. 
 
The vigor index was calculated using the following 
equation: 
Vigor index = (germination percentage × (100/ (average 

plumule length + average radicle length)) 
SAS software was used for statistical analysis, while Excel 
software was used to create charts. The means were also 
compared using Duncan's test at a probability level of 5%. 
 
RESULTS AND DISCUSSION 

According to the findings of the analysis of variance of 
the examined traits (Table 1), there was a significant 
difference between the salinity stress of pure sodium 
chloride (NaCl) in terms of all features at the 1% level. 

 
Table 1: Analysis of Variance Results of assessed Traits 

 

Mean of Square 

df S.O.V Root to stem 
length ratio 

Stem 
length 

Root 
length 

Seed vigor 
index 

Germination 
percentage 

0.002 5.643 21.053 0.958** 64.58** 2 Rep 
0.034* 29.59** 707.68** 1584.8** 1107.53** 7 NaCl  levels 
0.011 3.094 14.68 0.05 0.0002 14 Error 
22.27 16.28 25.17 1.96 1.05 C.V.% 

*, ** Significant at the level of five and one percent probability 
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Germination percentage 
On the germination percentage of sage seed, the 
difference between the tested osmotic stress treatments 
was significant (Table 1). Up to 20 mM potential, the 
germination % was not significantly different from the 
control, but afterward, it dropped dramatically (Figure 1). 
The 20 mM treatment had the highest percentage of 
germination in the potential, with an average of 55.63 %, 
which was greater than predicted (47.87 percent), while 
the percentage of germination at the 240 mM level is 
almost zero. (Figure 1). Salinity stress during seed 
germination damage cell membranes, particularly 
cytoplasmic membranes, leading to increased membrane 
permeability owing to Ca + + replacement by Na +, which 
enhances K + losses (Figure 1) (Takel, 2000). 

 
Figure 1- Comparison of mean salinity stress levels 
(NaCl) on germination percentage 
The presence of different letters indicates a significant 
difference by Duncan test at the level of 5% probability 
Plantago ovata germination percentage reduced with 
increasing saline stress, according to Hosseini and 
Rezvani Moghadam (2007). Rezazadeh and Kouchaki 
(2006) discovered that increasing salinity stress reduced 
germination percentage in Trachyspermum, Foeniculum 
vulgare, and Anethum graveolens dhi. Stephenie et al. 
(Stephanie et al. 2005) discovered that as saline stress 
increased, the germination percentage of Salvia 
splendens reduced. According to Fallahi et al. (2008), 
increasing salt stress causes a considerable drop in 
germination percentage in sage, with germination 
reaching zero in a salinity treatment of 250 mM. 
Salami et al. (2006) observed that the germination 
percentage of Valeriana officinalis and L. Cuminum 
cyminum reduces with increasing salinity, reaching almost 
zero at salinities between 200 and 250 mM. The negative 
effect of salinity on germination percentage and plant 
growth can be attributed to decreased osmotic potential of 
the root environment, particular ion toxicity, and dietary ion 
insufficiency (Nabizadeh Marvdast et al. 2003 and 
Stephanie et al. 2005). The germination percentage had a 
positive and significant association with seed vigor (0.905 
**), radicle length (0.887 **), seedling length (0.984 **), 

and the ratio of radicle length to seedling had a non-
significant negative  
association (Table 2). 

Seed vigor: 
On sage seed vigor, there was a significant difference 
between the osmotic stress treatments investigated (Table 
1). The control had the maximum seed vigor of 53.23, 
whereas the 200 and 240 mM treatments had the lowest 
seed vigor of zero. It was visible to the point where it was 

almost zero (Figure 2). The seed vigor index in Cynara 

scolymus was not impacted by salinity, according to the 
seghatoleslami Study (2011), while this index was affected 
by salinity in Satureja hortensis and Cichorium intybus L. 
He attributed this to salt stress, which reduced seedling 
length and germination percentage, two key elements in 
calculating the vigor index. The association between seed 
vigor and radicle length (** 8989) and seedling length 
(0.938 **) was positive and significant, but the radicle 
length to seedling ratio exhibited a non-significant 
negative relationship (Table 2). 

 
Figure 2: Seed vigor vs. mean salinity stress levels 
(NaCl). 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 

The radicle and Plumule length 
Salvia officinalis seedling and radicle length were 
significantly affected by different amounts of salt stress 
(Table 1). The control treatment had the longest radicle 
length, whereas the 160, 200, and 240 mM treatments 
had the lowest, with no germination in the two 200 and 
240 mM treatments (Figure 3). 
Rezazadeh and Kouchaki (2005) found that when salt 
stress increased, radicle and plumule length reduced in 
Trachyspermum, Foeniculum vulgare, and Anethum 
graveolens dhi. The radicle and plumule length in Lens 
esculinaris reduced as salt stress increased (Gholamin 
and Khayatnezhad, 2020c, Li et al. 2021, Sun and 
Khayatnezhad, 2021, Tao et al. 2021, Xu et al. 2021). The 
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maximum seedlings length was 20 mM, whereas the 
minimum was 200 and 240 mM, with no germination in 
these two treatments (Figure 4). Because many plants, 
when faced with osmotic stress, enlarge their underground 
organs and reduce the ratio of the aerial organ to 
underground organ the explanation for the rise in plumule 
length at 20 mM might be linked to the likely increase in 
radicle length in these conditions. They can bear the 
tension of approaching water supply by a bigger portion of 
the underground organ for a smaller portion of the aerial 
organ. Creating thinner radicles is a common way to 
achieve this expansion research on Salvia splendens, 
Stephenie et al. (2005) found that when salt stress levels 
increased, plumule and radicles length reduced. The 
association between radicle length and plumule seedlings 
length (0.873 **) was positive and significant, and the 
radicle-to-seedling ratio exhibited a negative relationship 
(Table 2). 

 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
Figure 3: Comparison of mean salinity stress levels 
(NaCl) on radicle length 
 

 
Figure 4: Comparison of mean salinity stress levels 
(NaCl) over plumule length 

The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
The radicle to aerial organ ratio is one of the plant's 
growth markers, and it is normally stable in plants. There 
was a significant influence of salt stress levels on the ratio 
of radicle length to plumule length of Salvia officinalis 
(Table 1). The ratio of radicle length to aerial organs 
length has risen as a result of salt, showing that salinity 
has slowed the growth of the aerial organ more than the 
radicle. According to Eslami et al. (2006), higher salinity 
enhanced the radicle-to-aerial organs ratio. The growth of 
the plant's aerial organs and radicles is reduced by 
salinity. As a result, salinity raises the radicle-to-aerial 
organs ratio (Hou et al. 2021, Huang et al. 2021, Si et al. 
2020, Yin et al. 2021, Zhang et al. 2021). Reduced plant 
growth under salt stress can be attributed to a reduction in 
plant energy reserves, which results in a reduction and 
disruption of biological and metabolic activity in many 
plants (Safarnejad and Hamidi, 2008 and Parida and Das, 
2005). 

 
Figure 5:  Comparison of mean salinity stress levels 
(NaCl) on a ratio of radicle length to plumule length 
The presence of different letters indicates a significant 
difference by Duncan test at the level of 5% probability 
 
 

Table 2 : Correlation between the evaluated traits 

 
Germination 
percentage 

Seed vigor index Root length Stem length 
Root to stem 
 length ratio 

Germination speed 1     

Seed vigor index 0.905** 1    

Root length 0.877** 0.898** 1   

Stem length 0.984** 0.938** 0.873** 1  

Root to stem length ratio -0.447 -0.453 -0.674 -0.387 1 

*, ** Significant at the level of five and one percent probability 
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CONCLUSION 
Plant growth can be impaired by salinity stress. The 
findings revealed that salt treatments had a significant 
influence on germination components. According to the 
findings of this study, cultivating Salvia officinalis under 
salt stress of more than 80 mM lowered germination and 
vegetative growth properties of Salvia officinalis 
significantly. In summary, the results demonstrated that 
Salvia officinalis is highly resistant to saline stress during 
the germination stage. 
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