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ABSTRACT: In order to examine seed germination responses of four medicinal plant coneflower, 
safflower, flax and artichoke to different levels of salinity, an experiment was performed in the Faculty of 
Agriculture, Ferdowsi University of Mashhad, in a Completely Randomized Design with four replications. 
Treatments were different levels of salinities equal to 0, 4, 8 and 12 dSm-1 obtained by NaCl. Evaluated 
properties were germination percentage, rate and final number of germinated seeds. The results showed 
that the germinated seed number and the germination percentage had an inverse relation with salinity of 
substrate. Salinity stress with slow decline in germination of plant safflower (Carthamus tinctorius L.), 
flax (Linum usitatissimum L.) and artichoke (Gynara Scolymus L.). So that the salinity 12 dSm-1 
germination percentage amount was high in the three plant. Germination rate under salt stress linearly 
decreased in all plants. The germination rate compared with germination percentage in plants 
assessment showed greater sensitivity to salt stress. The results showed that the germination stage, flax 
and safflower plant tolerant to salinity, artichoke is moderately resistant and coneflower salt-
sensitive. According to the results, salt effect on studied varieties and interaction characters were 
significant at 1% level. In this research some characters as rate and percent of germination, root and 
shoot length, root to shoot ratio and dry weight of plantlet with increasing of salt in four medicinal plant 
decreased. 
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INTRODUCTION 
 

 Salinity is one of the most important environmental factors that limits crop yield in arid and semiarid regions of 
the world. Saline soil in Iran is about 23.8 million hectares of total land area (Ghassemi et al., 1995). Nowadays,  
more than 18 million hectares of cultivated land in Iran are irrigated where salinity is one of the major and 
challenging problems. The development of salinity-tolerant cultivars is an economical and effective approach to 
cope with salinity (Arzani, 2008). Salinity is one of the key environmental factors that adversely influence crop 
productivity in several regions of the world (Saleem et al., 2011, 2012; Ashraf and Foolad, 2013; Shahbaz and 
Ashraf, 2013). Soil salinity is a major abiotic stress that severely affects crop production worldwide (Kumar et al., 
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2007). A considerable amount of land in the world is affected by salinity and more than 45 million hectares (M ha) 
of irrigated land which account to 20% of total land have been damaged by salt and 1.5 M ha are taken out of 
production each year due to high salinity levels in the soil (Munns and Tester, 2008). High salt concentrations 
cause various events that negatively impact agricultural production, such as delays in plant growth and 
development, inhibition of enzymatic activities and a reduction in the photosynthetic rate (Lee et al., 2013). It has 
been reported that excess Na+ and Cl− in the soil solution caused osmotic stress, and plants accumulate osmotically 
active compounds to lower the osmotic potential (Ahmad and Sharma, 2008). Salts interfere with plant growth 
through two processes: initially, the growth slows due to osmotic stress, as water uptake by root is impaired; later, 
the salts accumulate in toxic concentration in old leaves and cause its death (Munns and Tester, 2008). When 
initially exposed to high salt content, plant growth rapidly reduces due to osmotic (non-specific) effects. Over longer 
periods (days to weeks), individual salts may accumulate to toxic levels, there by inducing specific-ion toxicities 
(Munns, 2002). Seed germination is usually the most critical factor determining success or failure of plant 
establishment. Initial species establishment in saline habitats depends on their seed germination response to 
thermal and saline regimes and it is the level of this response that usually determines whether a population can 
persists until reproductive maturity or not (Kader et al., 2004). 
Flax (Linum usitatissimum L.) is grown for its oil and its fiber. This crop, cultivated in temperate regions, has seen a 
renewed interest due to the presence of abundant molecules of interest for many applications. Flax is a dicotyledon 
of the Linaceae family which is exploited primarily for its fibers and oil, rich in omega 3 (Huis et al., 2012). This 
plant, grown mainly in temperate regions, has rarely been affected by abiotic stresses such as drought. Little 
information is therefore available about the behavior of flax under this abiotic stress (Mirshekari et al., 2012). 
Therefore, knowledge of the physiological and biochemical mechanisms involved in flax stress tolerance seems 
necessary in order to maintain the competitiveness of this crop in the coming years.  
Artichoke (Gynara Scolymus L.), which originated in the north-central U.S., is a perennial grown as an annual. 
Distributed through out the world, artichoke has showed a wide ecological adaptability. Artichoke produces large 
amounts of biomass, is fast growing, needs relatively few inputs in terms of pesticides, fertilizer and water, and can 
be grown on marginal land. It is therefore a potentially useful crop for the production of biofuel, and in particular  
bioethanol (Yan et al., 2012; Krivorotova and Sereikaite, 2014). Based on the theory of Maas and Hoffman (Maas 
and Hoffman, 1977), artichoke is a moderately salt-tolerant crop according to rate of decrease of dry tuber matter 
and shoot biomass in saline soils in a greenhouse (Newton reference). Salt tolerance of artichoke cultivars was 
evaluated by seawater irrigation in north China plain, which proved cultivar difference in salt adaptability (Long et 
al., 2010).  
Coneflower (Echinace apurpurea L.) is herbaceous, perennial plant origin have been reported in North America. 
Purple coneflower is one of the most important medicinal plants in the pharmaceutical industry developed 
countries. Knowledge of salt tolerance at germination and early plant growth can be especially important in 
determining the final product on a large scale (Ariapour and Mirzayi, 2010). Salinity as one of the most limiting 
factors is the economic exploitation of the land to produce crops (Zeinali et al., 2002). Seed germination and 
emergence are strongly influenced by salinity and drought stress, so that the poor plants are one of the main 
problems of arid and salty (Afzal, 2005). Germination and establishment of seedlings of the most important stages 
in the life cycle of plants is critical (Windauer et al., 2007). Considering the importance and the role of medicinal 
plants in various industries and increasing saline soil and water resources in the country, produced valuable plants 
should be properly managed. Identify medicinal plants resistant to drought and salinity, and selected in the seedling 
and germination stage is considered a reliable and low-cost in this research is considered. Several studies on the 
germination of plants reflects the fact that increasing salinity, germination, root length, shoot and seedling dry 
weight significantly reduced (Kaya et al., 2006). 
Safflower (Carthamus tinctorius L.) is a versatile crop species that is well adapted to arid and semiarid conditions. 
Limited information is available on the response of safflower genotypes to salinity stress under field conditions. 
Safflower is a moderately salinity tolerant crop (Maas, 1993), and has been grown in some parts of central Iran for 
years in conditions where salinity restricts cultivation of many other crops. However, it has been largely replaced by 
other oilseed species and is now a minor crop in Iran. Safflower as a native plant with resistance to drought, salinity 
and cold conditions, it can be of particular importance for the production of oilseeds (OmidiTabrizi et al., 2007). 
Safflower, an annual plant adapted to arid and semiarid climates and also saline soils, produces high quality edible 
oil that not utilized to its potential. Iran was one of the centers of safflower production in the Old World (Knowe1s. 
1969). Safflower is grown in many areas of Iran where accumulation of salts in irrigated soils may reduce seed 
germination and depress seedling growth. Francois and Bernstein (1964) found that poor quality of seed might 
have been responsible for the inferior germination and growth of safflower when salty irrigation water was used. 
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Ghorashy et al (1972) found that a local Iranian genotype of safflower had the least reduction of germination 
compared to the other genotypes at NaCI concentrations of greater than 1%. Safflower soil salinity to 7 dSm -1 bear 
But the degree of salinity on seed germination as the most critical stages of growth and development that the low 
and poor seedling production and reduce product (IREC, 2007). It is reported that plant resistance to environmental 
stress in different stages of the life cycle is different and usually leaves early stage development is seen as the 
most sensitive stage (Eslami et al., 2009). Several studies on the reaction of some medicinal plants in the 
germination and seedling growth of salinity have been in all these tests, inhibitory effects of environmental stress 
on the germination of plants have been reported (Fallahi et al., 2009). Salt stress reportedly results in a 
considerable decline in the biomass of safflower genotypes (Harrathi et al., 2012). Compared to salt sensitive 
safflower genotypes, salt tolerant ones have been reported to exhibit a significantly greater Na+ concentration in the 
leaf (Ashraf and Fatima, 1995). Although safflower is known to be moderately tolerant to salinity, limited regional 
and global research is available on safflower production under saline field conditions. There is also very little 
information available on the relative importance of genotype (genetic variation) and genotype × environment 
interaction effects on the ion and agronomic traits of safflower grown under normal and saline field conditions. 
 
 
Materials and methods 
Evaluation of salt tolerance during germination figures 
 
In order to study the effect of salinity on germination and seedling growth of four medicinal plants 
coneflower, safflower, flax and artichoke in a completely randomized block design with four replications was carried 
out in the Faculty of Agriculture, Ferdowsi University of Mashhad in September 2014. The levels of salinity are (0, 
4, 8 and 12 dSm-1) and medicinal plants contains coneflower, safflower, flax and artichoke. Also, seeds of 
medicinal plants were surface sterilized by immersion for 5 minutes in sodium hypochlorite solution, then 
repeatedly washed with deionized water, seeds were allowed to germinate on a filter paper in 9cm diameter petri 
dishes. The treatments were replicated four times. The petridishes were placed in a growth chamber at 25°C under 
a 16h light I 8h dark photoperiodic. The number of seeds that sprouted and germinated was counted daily. Seeds 
that sprouted were able to produce at least one visible plumule or radicle, whereas seeds were considered to have 
germinated when shoot extended to more than 2mm from the seeds. Data taken 10 days after salt application were 
reported. The degree of injury was greater in the highest salt concentration (12 dSm -1). Salt injury symptoms varied 
with concentration of salt and between medicinal plants. Medicinal plants were screened for salinity tolerance at 
germination stage. Seedling shoot dry weight and root dry weight were taken after 10 days. After final germination, 
the germination percentage (GP) was calculated by the following equation: 
GP= 100. (NG/NT) 
GP= germination percentage     NG= number of germinated seeds      NT= total number of seeds  
 
Statistical analyses  
Statistical analysis of Morphological data was performed using one-way ANOVA and the difference between the 
mean values was compared at 5% significant level using Duncan,s Multiple Range Test. The petri dishes were 
arranged in a completely randomized block design with four replications. Correlation analyses were conducted to 
determine the relationships between the traits by software SPSS v.16.  
 
Results 
  
Results of analyses of variance revealed significant effects of salinity on seed germination; root growth, shoot dry 
weight and ratio root seedling shoot in all four studied plants and their interactions were significant at 1% (Table 1). 
Germination percentage and germination ratio decreased with increasing salinity. The highest percentage of 
germination of artichoke with zero salinity and coneflower was lowest with salinity of 12 dSm -1. Average seeds 
germination of studied plants in different salinity levels is shown in (Fig. 1). In this study, the salinity decreased all 
components of the plant germination artichoke, coneflower, flax and safflower. Several studies have shown that the 
percentage of seed germination decreases with increasing salinity (Akram Qadri et al., 2002). Gain et al., 2004 
stated that with increasing salinity, plant height, shoot and root dry weight and root length is reduced. Generally 
with increasing salinity germination decreased in all plants. 
Salinity is a growth reducing factor for most of the plant species. The major inhibitory effect of salinity on plant 
growth and development had been attributed to osmotic inhibition of water availability, toxic effects of salt ions  



Intl J Farm & Alli Sci. Vol., 5 (3): 229-237, 2016 

 

232 
 
 

 
 
responsible for salinity and nutritional imbalance caused by such ions but the specific effects of soil salinity largely 
differ depending upon the  
predominant ions, their concentrations and the physiological stage of growth at which the plants were subjected to 
salinity (Greenway and Munns, 1980). 
Salinity results in poor plant stand due to the decrease in the germination rate of seeds and seedling survival for 
most of the agricultural crops (Karim et al., 1992).  
Research on different plants show that the salinity reduced germination (Jamil et al., 2007 ؛  Guan et al., 2009 ؛ Qu 
et al., 2008). This might be due to low osmotic potential and low ionic concentrations of the control (Munns et al., 
1995). 

Table 1. Analysis of variance for germination characteristics of  medicinal plants 

S.O.V df Radicle  
length 

Plumule   
length 

Seedling 
dry weight 

Radicle to Plumule 
length ratio 

Percent 
Germination 

Rate  
Germination 

 ( A ) Salt 
3 5.75** 3.11** 0.0002** 0.05** 301.80** 170.99** 

 (B)  Medicinal plants 3 2.84** 1.45** 0.001** 1.57** 246.28** 322.88** 

A×B 9 0.176** 0.045* 0.00008** 0.04** 16.91* 4.87** 

(Error) 
48 0.022 0.017 

0.000008*
* 

0.008 23.14 2.62 

CV (%)          6.55 5.91 5.54 8.15 5.27 9.40 

                                               * and **: significant at 5 and 1% level of probability, respectively.                                                                                                                        
 

 
Fig. 1: Effects of salinity on germination percent in four medicinal plants. 

 
 

 
Analysis of variance showed a significant effect of different levels of osmotic stress on root and shoot and the ratio 
of all medicinal plants (Table 1). Analysis of variance showed that the effects of salinity on germination and plant is 
also significant. In general we can say that with increasing salinity, reduced germination rate, The plants reaction 
was different so that coneflower and artichoke germination has more decreased affected by salinity. While the 
seeds germination, safflower and flax were less affected by salinity. This implies that these plants are more 
resistant and less sensitive to salinity. Mashi and Galeshi (2007) argues frequently and begin germination of seeds 
for vital activities need to have enough water and if the water absorption is impaired or slowed, time and root out 
the seed germination rate increases and decreases in other words, so probably more negative osmotic potential of 
the solution in terms of salinity, water absorption and germination problems have decreased compared to control 
seeds. Increasing salinity affects has harmful effects on root and shoot and dry weight (Figs. 2, 3 and 4). So that in 
all plants with increase in salinity levels, root length and shoot and root shoot ratio decreased. In all experimented 
plants, root and shoot length and dry weight in the salinity of 12 dSm -1 decreased compared to the control (Figs. 2, 
3 and 4). Munns, (2002) reported that salinity decreases speed of germination and seedling growth. He also said 
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that examination the salt stress effect on root and shoot of most crop is a way to evaluate salt tolerance. Eskandari  
et al., )2011) reported the salinity reduced seed germination of safflower mutant lines and germination index. Much 
researches about the crops germination, reflects the fact that with increasing salinity, shoot length, root length and 
seedling dry weight was significantly reduced compared with the control (Kaya et al., 2006, Alebrahim, 2009). 
Studies have shown that tolerate plants to saline and drought conditions are forced to build organic matter. Since 
making these products requires energy, so in these conditions, growth and seedling dry weight reduced (Serraj and 
Sinclair,. 2002). The results of the mean comparison showed that increasing salinity decreased all evaluated traits. 

 

 
 
 

Fig. 2: Effects of salinity on radicle length in four medicinal plants. 

 
 

Fig. 3: Effects of salinity on plumule length in four medicinal plants. 
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Fig. 4:  Effects of  salinity on dry weight of plantlet in four medicinal plants. 

 
 

Table 2. Mean comparison of germination characteristics of  medicinal plants in control 

Treatment Radicle  
Length(cm) 

Plumule  
Length(cm) 

Radicle to Plumule 
Length Ratio (cm)       

Seedling 
dry 
Weight(g) 

Percent 
Germination 

Rate  
Germination 

 (Cynara Scolymus 
L.) 

2.81 a 2.47  a 0.84  c 0.02  a 95.83  a 23.41  a 

 ( Echinacea 
purpurea) 

2.36 b 2.13  b 1.33  b 0.02  b 91.66  a 17.21  b 

 (Linum 
usitatissinum) 

2.12 c 1.93  c 1.44  a 0.017  c 91.24  a 14.38  c 

 (  (Carthamus 
tinctorius 

1.81 d 1.77 d 0.85 d 0.014 d 86.24  b 13.87  c 

Similar letters in each column show non-significant differences according to Duncan’s Multiple. Range Test. 
 
 

 
Table 3. Mean comparison of germination characteristics of  medicinal plants in salinity stress. 

Treatment Radicle 
length (cm) 

Plumule 
length 
(cm) 

Radicle to plumule 
length ratio (cm)           

Seedling dry 
weight(g) 

Percent 
Germination 

Rate  
Germination 

(Cynara Scolymus L.) 3.01 a 2.62a 1.18 a 0.019 a 95.83  a 21.17  a 

(Echinacea purpurea) 2.49 b 2.24 b 1.14 ab   0.017 b 93.74  a 17.96 b 

(Linum usitatissinum) 1.94 c 1.81c 1.10ab 0.014 c 89.16 b 16.38 b 

( (Carthamus 
tinctorius 

1.66 d 1.63 d 1.04 b 0.012 d 86.24 b 13.36 c 

Similar letters in each column show non-significant differences according to Duncan’s Multiple Range Test. 

 
 
 
The length of root and shoot with increasing salinity in flax and safflower fell but in the two  
plants artichoke and coneflower was seen non-reduction at salinity 8 dSm-1 (Tables 2 and 3). One reason for the 
shoot decline during the plant osmotic stress is the slower degradation of the endosperm and thus reducing the 
transmission of substances or seed storage tissues of the fetus has been reported (Soltani et al., 2006). Akbari et 
al., (2007) and Hosseini and Rezvani Moghadam (2006) investigation showed that salinity can reduce the length of 
root or stem,  
and ultimately reduce the length of the plant. In terms of salinity, root shoot ratio increased (Table 2). Fallahi et al., 
(2007) in the study of the great sage observed that with increasing levels of osmotic stress from zero to 4 -Bar, 
seedling length increased. The reason of this increase was attributed to moderate stress conditions, because many 
of the plants when exposed to osmotic stress, expand their ground and to reduce the underground plant organs to 
supply water and less stress in the biomass. The germination of plants in saline conditions and controls showed no 
significant difference (Tables 2 and 3). Mean comparison results shows the trend of seedlings dry weight under salt 
stress in studied plants. Salinity decreased dry weight of all evaluated medicinal plants (Table 2). Almodares et al., 
(2007) reported that, high concentration of salt in the sorghum reduced seed germination and seedling weight. 
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They observed in 10 medicinal plants that with increasing salinity levels, seedling dry weight decreased linearly. 
Similar results based on the dry weight of the seedlings were observed in other plants (Hamidi and  Safarnejad, 
2008; Mahdavi et al., 2007). Studies have shown that in tolerate plants to salt stress, some compounds such as 
proline and glycine had to build and accumulate for osmotic regulation. Since making these products requires 
energy, so in these conditions, growth and seedling dry weight reduced (Serraj and Sinclair., 2002). The dry weight 
decrease of medicinal plants seedling at high levels of salinity can be attributed to the demand energy for plants 
resistance salt stress. 
 
Simple correlations between traits 
 In general, there was a relatively consistent and positive correlation between root length and shoot length r=0.48** 
as well as a positive correlation between root length and root shoot ratio r=0.65** (Table 4). Correlation analysis of 
the positive relationship between root and shoot length can confirm that, the root's water and useful minerals 
uptake can increase dry matter accumulation in both root and shoot and elongate them (Francois, 1994). 
Correlation analyses of the positive and significant relationship between shoot and root length and germination rate 
was observed. A positive significant correlation was found between shoot length and seedling dry weight. Non 
positive significant correlation between the percentage of germination and seedling dry weight, root length was 
observed (Table 4). Fathi Amir Khiz  et al., (2012) in an experiments on the black cumin have reached similar 
conclusions. 
 

Table 4. Correlations between germination  characteristics in four medicinal plants. 

Traits Radicle 
length 

Plumule 
length (cm) 

Radicle to 
plumule 
length ratio 

Seedling dry 
weight 

Percent 
germination 

Rate  
germination 

Root length 1      

Shoot length 0.48** 1     

Root to Shoot 
ratio 

0.18** 0.57** 1    

Seedling dry 
weight 

0.65** 0.32** -0.68** 1   

Percent 
Germination 

0.27** 0.64** 0.38** -0.22 ns 1  

Rate 
Germination 

0.47** 0.75** 0.22 ns -0.12 ns 0.31** 1 

ns, * and **: Non-significant and significant at 5% and 1% level of probability, respectively. 

 
 
Discussion  
The result agrees with the work of Akbari et al., (2007) and Hosseini and Rezvani Moghadam (2006) that salinity 
delays germination process. In our experiment, the results showed that increasing in salinity levels decreased 
germination indices in artichoke, coneflower, safflower and flax. Also, much researches about the crops 
germination, reflects the fact that with increasing salinity, shoot length, root length and seedling dry weight was 
significantly reduced compared with the control (Kaya et al., 2006, Alebrahim, 2009). Studied medicinal plants, 
safflower and cotton were determined as resistant, artichoke as half salt tolerant and coneflower as sensitive 
genotypes. It seems that safflower and flax cultivation in arid and saline compared with coneflower to be better. 
These findings were consistent with those reported on American safflower which is considered to be a moderately 
salt-tolerant crop (Francois et al., 1964). In a general conclusion we can say that among the four studied species, 
safflower and artichoke for seed higher germination rate were selected.  
It seems that with proper management practices on the farm, the establishment of these plants in water and saline 
soils conditions are ensured. The purple coneflower germination process were more sensitive to salt than other 
species. Increasing salinity, reduced the percentage of germination of coneflower. According to the results it can be 
concluded that there was statistically difference for all traits between plants and increasing salinity percentage 
significantly reduced speed of germination, seedling growth (root and shoot) and seedling dry weight. These results 
of our study are consistent with the observations by Siddiqi and Ashraf (2008), who showed that high salinity levels 
(150 mM NaCl) significantly decreased the Seedling growth characters in the tested safflower lines. However, 
many reports show little or no changes or even increased photosynthesis of plants under low salinity stress 
(Rogers and Noble, 1992; Hawkins and Lewis, 1993). 
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Resistance to salt stress in the early stages of plant growth independent of growth stages (Ajmal-Khan and Weber, 
2006). Germination, seedlings growth and their establishment is directly dependents on the higher tolerance to 
salinity. So, the premier spices growth will be faster than the others and the yield has less decrease in stress 
conditions.    
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