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Abstract: Salinity is one of the most important factors limiting the growth of plants in many parts of the 15 
world. A suitable mechanism in this field is the use of species that can have a favorable production in such 16 
environmental conditions. Salicornia is a plant of the Chenopodiaceae family that has many industrial 17 
and food benefits and is also used as an oily plant. In order to investigate the seed germination and seed- 18 
ling growth of Salicornia species in different concentrations of sodium chloride, a factorial experiment 19 
was done in a completely randomized design with three replications in the environmental stress labora- 20 
tory of Sari University of Agricultural Sciences and Natural Resources, Iran. Experimental treatments 21 
included eight salinity levels (0, 50, 100, 200, 300, 400, 500, and 700 mM NaCl) and two species of 22 
Salicornia (Salicornia persica and Salicornia perspolitana). The results showed that with increasing sa- 23 
linity concentration, shoot length had a decreasing trend, while root length initially increased to the sa- 24 
linity of 285.2 mM and decreased with further increase. Shoots and root length in Persica species were 25 
significantly longer than Persepolitana species. However, in Persepolitana, the dry weight of roots and 26 
seedlings showed a better trend than Persica. In general, considering that the increase in root length 27 
indicates that the plant is more tolerant to salinity stress, it is recommended that in saline areas, Persica 28 
species be given priority for cultivation. However, in order to better understand the mechanisms involved 29 
in the growth of these two species in saline conditions, additional experiments are needed. 30 

 31 
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 33 

1. Introduction 34 

Salinity stress is of the most important obstacles to the development and expan- 35 

sion of agricultural production, which has excluded many areas from cultivation or 36 

reduced crop yields [1]. Salinity stress causes a wide range of reactions in plants and 37 

changes in growth rate and yield of crops [2]. Plants use several mechanisms to deal 38 

with salinity stress. Understanding the mechanism of tolerance to high concentrations 39 

of sodium chloride in salt tolerant plants can help increase tolerance in sensitive plants 40 

and, consequently, increase crop yield [3]. Recent studies have shown that under- 41 

standing the components of stress as well as the signaling pathways play an important 42 

role in regulating plant response to salinity stress [4]. Undoubtedly, one of the most 43 

sensitive stages of plant growth to salinity stress is the germination stage [5]. Because 44 

this stage is the basis of the initial establishment of the plant and has a great impact on 45 

the final yield and the occurrence of stress at this stage can have irreparable conse- 46 

quences for the plant [6]. Salinity stress impairs plant growth by reducing water po- 47 

tential (osmotic stress), accumulation of sodium and chlorine ions (ion toxicity), dam- 48 
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age to reactive oxygen groups, and disturbance of nutrient ion balance in the root en- 1 

vironment [7, 8]. Salicornia plant of the family Chenopodiaceae is a plant with high 2 

halophyte as an oil plant. This plant has various industrial and food benefits. Salicornia 3 

perspolitana and S . persica are two valuable Iranian native species about which very 4 

little information is available. The height of Salicornia persica is higher and about 30 cm. 5 

Salicornia perspolitana is very unique in terms of flowering time and seems to have been 6 

caused by herbidation between S. iranica and S. persica and due to being triploid, its 7 

seeds have no potency [9]. There is an inverse relationship between increased salinity 8 

and germination rate of Salicornia seeds in several studies has been confirmed [10, 11]. 9 

Shoot and root length are the most important indicators of the intensity of environ- 10 

mental stresses, especially salinity stress; Because the root is in direct contact with the 11 

soil and absorbs water from the soil and the shoot transfers it to other parts of the plant, 12 

so the longitudinal changes of these two parameters of the shoot and root are im- 13 

portant signs for plants to respond to salinity stress [12]. Considering that most of the 14 

different mechanisms of seed dormancy of these plants such as physiological, induc- 15 

tive factors and so on are due to the presence of areas under cultivation of Salicornia 16 

and the prevailing conditions in saline agro-ecosystems and also the percentage of 17 

seed germination of Salicornia species in concentration of different salts have shown 18 

significant differences, and it is important to consider different strategies to improve 19 

the germination of this plant. Therefore, the aim of this study was to investigate the 20 

different concentrations of salinity (sodium chloride) on the germination of seeds of 21 

two new species of Salicornia Persica and S. Persepolitana. 22 

2. Materials and Methods 23 

This experimental field was performed in 2019 in the Environmental Stress La- 24 

boratory of Agricultural Sciences and Natural Resources Sari University, in the form 25 

of factorial in a completely randomized design with three replications. The treatments 26 

consisted of salinity stress: eight salinity levels (0, 50, 100, 200, 300, 400, and 700 mmol 27 

NaCl), and two species of Salicornia (S.  perspolitana, S.  persica). To disinfect the seeds, 28 

they were first soaked in 70% alcohol for 1 minute and then immediately washed three 29 

times with sterile distilled water. It was disinfected for 15 minutes using sodium hy- 30 

pochlorite solution (1% concentration). Then, it was washed three times with distilled 31 

water. In the next step, 30 seeds were placed on filter paper in each petri dish. Then 32 

NaCl levels was applied to each treatment in form of solution. The Petri dishes were 33 

closed by parafilm to prevent evaporation and were stored at 25 ° C. Seedlings with a 34 

root length of two millimeters or more were counted as germinated seed in a daily 35 

basis [13]. After ten days, the number of normal seedlings was counted and 5 normal 36 

seedlings were randomly selected to measure the length of roots, stems, and seedlings, 37 

as well as the fresh and dry weight of roots, stems, and shoots. The roots and stems 38 

were dried in an oven at 70 °C for 48 hours and their dry weight was measured with a 39 

digital scale. To ensure the normality of the data, normality test was performed by the 40 

Kolmogorov-Smirnov method. Then the data were analyzed with SAS statistical soft- 41 

ware version 9.4. The changes of the studied parameters through different salinity lev- 42 

els were examined by regression analysis, fitting of linear equations (Equation 1) and 43 

two-piece linear equations (Equation 2) Used by Soltani et al. [14]. The curves were 44 

plotted using Microsoft Excel software. 45 

y=b1x + a             (1) 46 

y=b1x + a   if x ≤ x0     (2) 47 

y= (b1x0+a) + b2 (x-x0) if x > x0          48 

y: Predicted value for desired traits, a: Constant value at zero concentration of the desired treat- 49 

ment, x: Treatment concentration, x0: Rotation point between two phases of the equation, b1, b2: 50 

The slope of trait changes (decreasing or increasing) in phase one and two of the equation, respec- 51 

tively. 52 
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3. Results 1 

3.1. The length of roots, shoots, and seedlings 2 

Analysis of variance showed a significant effect of salinity treatment on roots, 3 

shoots, and seedlings length of Salicornia. The difference in the amount of root, shoot, 4 

and seedling length in Salicornia species was very significant. However, the interaction 5 

effect of salinity treatments and Salicornia species was significant only for seedling 6 

length parameter. No difference was observed between root and shoot length (P>0.05, 7 

table 1). 8 

 9 

Table 1. ANOVA result for stress’s effect on the length and dry weight of Salicornia seedlings 

Source of variance df 
Dry weight (mg) Length (mm) 

Seedling Shoot Root  Seedling Shoot Root 

Salinity 7 0.0963** 0.030** 0.0092**  65.09 ** 6.42** 3.27** 

Plant 1 0.0121ns 0.0089ns 0.00008ns  113.62** 35.19** 1.42** 

Salinity×Plant 7 0.0142 * 0.0055ns 0.0017**  1.64 * 0.608ns 0.057 ns 

Error 32 0.006 0.0039 0.0004  0.665 0.602 0.052 

C.V.    )%(   27.60 30.10 2.86  6.81 8.89 12.93 

ns, *, **: no significant difference, significant differences at 5 and 1% of probability levels, respectively 

 10 

According to the results, shoot and root length in Persica species were significantly 11 

higher and about 21.59% and 21.25%, respectively, than Perspolitana species (Figure 1). 12 

Examination of salinity regression and shoot length showed an inverse linear relation- 13 

ship with a slight slope of 0.004 and a correlation coefficient of R2 =0.888 between these 14 

two parameters (Figure 2A). The fitted linear equation shows that the stem length de- 15 

creases slightly with increasing salinity. The regression analysis showed that the trend 16 

Figure 2. Shoot (A) and root (B) length response to salinity stress. *Data of 700 mmol were excluded. 
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of root length response to increasing salinity concentration was in two parts (R2 =0.899). 1 

By increasing the salinity level from zero to 285.2 mmol, the amount of root length 2 

increased and then decreased. The slope of the line was calculated from zero to 285.2 3 

salinity with a positive value of 0.0134 units and from 285.2 to 500 mmol salinity with 4 

a negative value of 0.0336 units, approximately 2.5 times the positive slope (Figure 2B). 5 

The salinity of 700 mmol caused root loss and was therefore not considered in the re- 6 

gression fit. 7 

Seedling length in both Salicornia species increased at first with increasing salinity 8 

and then decreased. The fitting curves in both species were obtained in two pieces with 9 

correlation coefficient R2=0.834 and R2=0.876 for S. persica and S. perspolitana, respec- 10 

tively. Seedling length of S. persica was always greater than the seedling length of S. 11 

perspolitana. With increasing salinity level up to 216.3 mmol in S. persica species, seedling 12 

length increased with a slope of 0.0179 units and by 29.49% compared to the zero levels 13 

and at a higher salinity level showed a decreasing trend while in Perspolitana species, 14 

seedling length increased to the level of 287.4 mmol Salinity with an increasing slope of 15 

0.0035 units and was 8.59% compared to the control level. The line slope in the decreas- 16 

ing trend was greater than the incremental slope in both species. This means that in- 17 

creasing the salinity from the point of rotation of the graph caused a sharp decrease in 18 

the studied parameter while increasing the salinity up to the point of rotation of the 19 

graph caused a milder increase in the parameter against salinity changes. Root length 20 

values at a salinity of 700 mmol were excluded from the calculations (Figure 3). 21 
 22 

3.2. Dry weight of shoots, roots, and seedlings 23 

The results of analysis of variance of the root, shoot, and total dry weight showed 24 

a very significant effect (P<0.01) of salinity treatment, but there was a difference between 25 

root, shoot dry weight and total dry weight of two Salicornia species was not observed 26 

(P>0.05). The interaction effect of salinity and species treatments on rootlet dry weight 27 

was very significant, on shoot dry weight without significant effect (P>0.05) and on total 28 

dry weight had a significant effect (Table 1). With increasing the salinity level, the dry 29 

weight of the shoot followed a two-part process, so that from the level of zero to 64.77 30 

mmol of salinity, the dry weight of the stem increased with a slope of 0.0019 units and 31 

68.72%, compared to the control level, and then showed a decreasing trend (with a slope 32 

of 0.0003 units) (Figure 4). 33 

According to the results of regression analysis, the response of root dry weight 34 

response to increase in salinity level in Persica species was linear and decreasing with a 35 

coefficient of determination of 0.842 but in Perspolitana species was two-part with a co- 36 

efficient of explanation of 0.894. In Persica species, with increasing salinity level up to 37 

400 mmol, the dry weight of rootlet decreased by 82.75% compared to the control level 38 

with a slope of 0.0002 units. While in Perspolitana, the dry weight of the root increased 39 
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from zero to 78.56, and with a further increase in salinity to the level of 400 mm, showed 1 

a decreasing trend (with a slope of 0.0005 units). The corresponding salinity values of 2 

500 and 700 mmol were omitted due to zero due to non-survival (Figure 5). 3 

The trend of seedling dry weight in both Salicornia species was two-part with in- 4 

creasing salinity, with the difference that in Perspolitana species, with increasing salinity 5 

level from zero to 58.57 mmol, seedling dry weight increased at first (with a slope of 6 

0.0052 units) and decreased at levels higher than this (with a slope of 0.0007 units). 7 

While in Persica species with increasing salinity level up to 100 mmol, the amount of 8 

seedling dry weight decreased with a lower slope (0.00015 units) and with a further 9 

increase in salinity from 100 to 700 mmol with a higher slope (0.00043 units, Figure 6). 10 

4. Discussion 11 

The positive response of Salicornia too low to moderate salinity stresses by other 12 

researchers in different species such as S. herbacea [15], S. virginica [16], and S. europeae 13 

[17]. Also shown. Salicornia is believed to tolerate salinity stress by accumulation of or- 14 

ganic solutions in cells and rapid germination [18]. Researchers report that the stem 15 

length growth rate in S. europaea at 300 mmol NaCl is greater than zero and 700 mmol 16 

NaCl [19]. It was also reported that the optimal growth of S. dolichostachya occurred at a 17 

salinity of 300 mmol and the growth decreased to 500 mmol when the salinity concen- 18 

tration increased [20]. Other researchers have reported that shoot growth of S. persica 19 

and S. europaea increased under low NaCl (100 mmol) and then decreased with increas- 20 

ing NaCl, and root length in both species increased steadily with increasing salinity [21]. 21 

Decreased height of S. bijelovii, at salinity levels of 5 to 200 mmol, has been reported by 22 

researchers. They attribute the reduced plant growth to the excessive toxic effects of 23 

potassium, magnesium and calcium ions by the stems to compensate for sodium defi- 24 

ciency [18]. S. bijelovii dry weight has been reported to reach its maximum with increas- 25 

ing salinity up to 200 mmol [22].   26 

5. Conclusion 27 

This experiment was statistically a good reflection of the actual germination con- 28 

ditions in the natural environment of two species of Salicornia, taking advantage of the 29 

range of salinity changes from 0 to 700 mmol. Changes in germination behavior around 30 

the rotation point were observed in both species with increasing salinity from zero to 31 

700 mmol. According to the results of this study, shoots and root length in S. persica 32 

species were significantly longer than S. perspolitana species. However, in S. perspolitana, 33 

the dry weight of roots and seedlings showed a better trend than S. persica. In general, 34 

considering that the increase in root length indicates that the plant is more tolerant to 35 

Figure 5. Response of root dry weight to salinity 
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salinity stress, it is recommended that in saline areas, S. persica species be given priority 1 

for cultivation. However, in order to better understand the mechanisms involved in the 2 

growth of these two species in saline conditions, additional experiments are needed. 3 
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