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Abstract
Stock (Matthiola incana L.) is one of the most commercial cut-flowers in the world. To evaluate the
efficiency of physiological markers for salt tolerance, 10 cultivars of stock were selected and their
seedlings were irrigated with salt water (6 dS/m) from four true-leaf stage for six weeks. The dry weight
of shoots and roots, and K+, Na+ and Ca2+ concentrations in shoots were evaluated in the study. Based
on the results, dry weights of shoots and roots had positive correlations with K+/Na+ selectivity
coefficient. This indicates that K+/Na+ ratio in shoots has a direct correlation with the amount of plant

growth under salinity conditions. Also, a negative correlation was found between Ca2+ and K+

accumulation and dry weights of the shoots. There was a low Ca2+ to Na+ ratio in the shoots, which
confirms the importance of the K+ accumulation rate in the shoots or the K+/Na+ selectivity coefficient,
as the determinant factor of salt tolerance rate in stock. In conclusion, ‘Column Lilac Lavender’, ‘Column
Lavender’ and ‘Column Cooper’ with the highest K+/Na+ ratio in shoots, were considered as the most
tolerant, and ‘Column Mid-Blue’ and ‘Column Rose’ with the lowest K+/Na+ ratio, as the most sensitive
cultivars to salinity. The physiological markers used in this study can be introduced for large-scale
screening of salt-tolerant varieties of the stock.

Introduction
Many plants face significant stressors in their natural environments, including salinity and drought
(Iwuala et al. 2023). Of these, salinity stress poses a significant threat to the global ecosystem, crop
production, food security, and sustainable agriculture (Pistelli et al. 2023). Salinity is a major abiotic
stressor that negatively impacts plant growth and physiological processes (Shahbaz and Ashraf 2013;
Yamaguchi-Shinozaki and Shinozaki 2005; Ma et al. 2023), posing a significant obstacle to agricultural
production (Kamanga et al. 2020). With salinity affecting 10% of the world's total arable land, it has the
potential to become a significant threat to feeding the growing population (Mishra et al. 2023).

High levels of salinity can cause stress in plants in two primary ways: first, it reduces water uptake by
roots, resulting in reduced water absorption, which adversely affects plant growth and cellular
metabolism. Second, it disrupts tissue and cellular functions in different parts of the plant, particularly in
photosynthetic organs, due to ion toxicity, depending on the salt level (Munns and Tester 2008).
Strategies to mitigate the deleterious effects of salinity, such as saline land improvement, improvement
of saline water, and specific techniques, can be costly and temporary (Lauchli and Epstein 1990,
Marschner 1995; Munns 1993). To ensure sustainable production in saline soils, it is crucial to identify
and introduce cultivars capable of growing and producing economically acceptable yields under saline
conditions. This will help to reduce the adverse effects of salt stress on plants (Epstein et al. 1980;
Fooland 1996) and achieve the primary objective of sustainable agriculture (Assaha et al. 2017).

Stock, a plant belonging to the Brassicaceae family, is highly valued for its fragrance, color, and shape of
flowers. However, there is limited research on identifying salt-tolerant cultivars of stock flowers that can
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be grown in arid and semi-arid regions with less than 500mm mean annual precipitation. While many
cultivars can tolerate moderately saline soil, high levels of salinity can impair growth and yield. Therefore,
it is necessary to introduce salt-tolerant cultivars that can produce economically acceptable yields under
saline conditions.

A study was conducted to assess the impact of salinity on the growth and ionic relations of two cultivars
of stock flowers, ‘Frolic’ and ‘Cheerful White’. The results indicated that increasing salinity from 2.5 dS/m
to 14 dS/m led to a significant decrease in the main stem height of both cultivars when they reached
50% flowering. However, ‘Frolic’ was found to be significantly shorter than ‘Cheerful White’.

Another study evaluated the effects of different levels of salinity (ranging from 1–5 dS/m) on two types
of stock flowers, ‘Pan American’ and ‘Cinderella’. Both cultivars experienced significant changes in their
morphological, physiological, and biochemical properties when exposed to high levels of salinity stress.
However, both cultivars showed similar resistance to salt in low concentrations of NaCl in irrigation
water.

To survive salt stress, plants require adequate potassium supply (Lotfi et al. 2009). While K+

accumulation substantially reduces in shoots of stock flower cultivars, the selectivity coefficient of
K⁺/Na⁺ increases up to 60% when salinity increases from 2.5 dS/m to 14 dS/m. This increase was also
assessed in tomato seedlings. K⁺/Na⁺ ratio is a suitable parameter for early screening of salt-tolerant
tomato cultivars.

In conclusion, identifying and introducing salt-tolerant cultivars of stock flowers that can grow and
produce economically acceptable yields under saline conditions is crucial for sustainable agriculture.
The K⁺/Na⁺ ratio is a suitable parameter for early screening of salt-tolerant tomato cultivars and a
significant linear relationship was reported between K⁺/Na⁺ ratio and grain yield in rice.

Different wheat and quinoa cultivars were studied to evaluate their tolerance to salt toxicity. The results
showed that salt-tolerant cultivars exhibited better growth, gas exchange characteristics, and stronger
antioxidant systems, along with less oxidative stress. Furthermore, the salt-tolerant cultivars
accumulated higher levels of osmolytes, hydrogen sulfide, and nitric oxide, making these physiological
and biochemical markers promising for screening tolerant cultivars under salinity conditions. Among the
four quinoa cultivars studied, ‘Red Faro’ and ‘UDEC-5’ showed low levels of Na+ accumulation and high
K/Na selectivity. ‘UDEC-5’ also exhibited high stomatal conductance, leading to high net photosynthesis
even at high NaCl concentrations. In addition, Faro red and UDEC-5 showed low levels of lipid
peroxidation, high antioxidant activities, and high proline accumulation, indicating strong defense against
ROS and efficient osmotic regulation. The study also demonstrated the high diversity and intraspecific
genetic differences in stock flowers, which can be used to better understand the mechanisms of salinity
tolerance in this plant and evaluate physiological responses using various cultivars. Overall, the study's
findings may be useful in identifying salt-tolerant varieties of stock flowers that can withstand climate
change conditions.
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Materials and Methods
The experiment was conducted in a research greenhouse at the College of Aburaihan, University of
Tehran, located in Pakdasht, Iran. It involved 10 improved stock cultivars (Table 1), planted in 20 cm
diameter pots filled with a mixture of garden soil, perlite, and peat moss in a ratio of 2:1:1. The seeds of
the stock were planted in late February, and prior to seeding, a soil sample was taken to determine pH
and electrical conductivity. The greenhouse had an average day/night temperature of 27/20°C, a day
length of 10–13 hours, and relative air humidity of 60%.

Salt stress was induced 32 days after planting, when plants had four fully expanded leaves. To create an
EC value of 6 ds/m (as described by Heuer and Ravina, 2004), appropriate amounts of CaCl2: NaCl were
added to distilled water in a ratio of 2:8.

Plants were harvested six weeks after planting, and their height was measured using metal meters in
centimeters. The plants were then divided into two parts: the shoot (including stem, young and old
leaves) and the root. After a thorough washing of both parts with distilled water, they were dried at 70°C
for 72 hours and weighed.

Following this, the vegetative tissues of the aerial parts were ground and one gram of plant powder was
put into a porcelain capsule and placed in an electric oven at 550°C for six hours until the plant organic
matter was burned and only the mineral remained as ash. After that, 10ml of 2N hydrochloric acid was
added to the ash, and the resulting solution was heated in a water bath until half of the acid evaporated
and the solution turned yellow. This solution was used to measure the elements potassium, calcium, and
sodium by atomic absorption spectrometer.

The experimental design was a completely randomized design (CRD) with six replications. The data was
analyzed using SAS software, and Duncan's multiple range test was applied to compare the means.
SPSS software was also used to calculate correlation coefficients between the traits and perform
statistical cluster analysis of the cultivars.

Results

Shoot dry weight
‘Column Lavender’ and ‘Excelsior Purple-Heart’ had the highest shoot dry weight, while ‘Column Mid-Blue’
and ‘Column Rose’ had the lowest.

Root dry weight
‘Column Cooper’ cultivar produced the highest root dry weight, while ‘Column Mid-Blue’ and ‘Column
Rose’ cultivars had the lowest.

Plant height
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Based on the analysis of variance, there was no significant difference in bush height among the cultivars
when exposed to water salinity levels of 6 dS/m.

Shoot K+

Based on the results, the highest amount of potassium accumulation was observed in the ‘Lilac-
Lavender’, ‘Crimson’, ‘Lavender’ and ‘Cooper’ cultivars, while the lowest was in ‘Mid-Blue’ and ‘Rose’
cultivars.

Shoot Ca2+

Based on the results, the cultivar with the highest Ca2+ accumulation was ‘Column Mid-Blue’, while the
lowest was observed in ‘Centum Carmine’ and ‘Column White’ cultivars.

Shoot Na+

There was no significant difference in Na+ accumulation in shoots among the different cultivars,
according to the results.

Shoot K⁺/Na⁺
The results indicated that the selectivity coefficient of K⁺/Na⁺ varied significantly across different
cultivars. ‘Column Lilac-Lavender’ cultivar exhibited the highest rate, while ‘Column Mid-Blue’ and
‘Column Rose’ cultivars had the lowest rates.

Shoot Ca2⁺/Na⁺
There was no significant difference between the cultivars in terms of the selectivity coefficient of Ca2+

and Na+.

Cluster Analysis
The results of the cluster analysis, which used the UPGMA clustering method and Euclidean distance
coefficient, indicated that the cultivars ‘Column Lavender’, ‘Column Cooper’ and ‘Column Lilac-Lavender’,
with the highest K+/Na+ ratio, were grouped together in the same cluster (Fig. 6). On the other hand, the
cultivar ‘Column Mid-Blue’, which had the lowest K+/Na+ selectivity coefficient and was less similar to
other cultivars, did not belong to any group. The cultivar ‘Column Rose’ had the least similarity with the
other cultivars and a low selectivity coefficient, which caused it to stand separately.

Based on these observations, we can infer that the selectivity coefficient of K+/Na+ is a crucial
physiological indicator that is used to estimate the efficiency of the ionic selectivity mechanism in stock
flower cultivars. According to this physiological parameter, the cultivars ‘Column Lavender’, ‘Column
Lilac-Lavender’, and ‘Column Cooper’ with the highest K+/Na+ ratio, along with ‘Column Mid-Blue’ and
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‘Column Rose’, with the lowest K+/Na+ ratio, could be considered as the most and least tolerant cultivars,
respectively, to salinity in the current research.

Morphological and physiological traits, along with their correlation coefficients, were measured to screen
for salt-tolerant stock flower cultivars.

Table 2
Physiological traits measured in stock flower cultivars under salinity stress

Cultivars Shoot DW Root DW Shoot Ca2+ Shoot K+ Shoot

K⁺Na⁺

Centum Carmine 1.72 ± 
0.22abc

0.53 ± 
0.07ab

1.91 ± 
0.09c

2.66 ± 
0.14abc

1.00 ± 
0.18ab

Column
Lilac- Lavender

1.89 ± 
0.22ab

0.56 ± 
0.07ab

2.14 ± 
0.09bc

3.22 ± 0.14a 1.44 ± 0.18a

Column Rose 0.9 ± 0.22bc 0.31 ± 
0.07b

2.99 ± 
0.09a

1.09 ± 0.14e 0.42 ± 
0.18bc

Column Crimson 1.71 ± 
0.22abc

0.59 ± 
0.07ab

2.42 ± 
0.09b

3.09 ± 0.14a 1.05 ± 
0.18ab

Column Mid-Blue 0.79 ± 0.22c 0.29 ± 
0.07b

3.17 ± 
0.09a

1.19 ± 0.14e 0.21 ± 0.18c

Column Gold 1.90 ± 
0.22ab

0.50 ± 
0.07ab

2.06 ± 
0.09bc

2.39 ± 
0.14bdc

0.84 ± 
0.18abc

Column Lavender 2.31 ± 0.22a 0.69 ± 
0.07a

2.39 ± 
0.09b

3.02 ± 
0.14ab

1.34 ± 0.18a

Excelsior
Purple- Heart

2.14 ± 0.22a 0.54 ± 
0.07ab

2.38 ± 
0.09b

1.89 ± 0.14d 0.54 ± 
0.18bc

Column White 1.55 ± 
0.22ab

0.47 ± 
0.07ab

1.97 ± 
0.09bc

2.32 ± 
0.14dc

0.52 ± 
0.18bc

Column Cooper 1.95 ± 
0.22ab

0.75 ± 
0.07a

2.28 ± 
0.09bc

3.02 ± 
0.14ab

1.24 ± 0.18a
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Table 3
Correlation coefficients among the traits measured for screening of salt-tolerant cultivars

Traits Shoot
DW

Root
DW

Shoot
Ca2+

Shoot
K+

Shoot

K⁺/Na⁺

Shoot
Ca2⁺/Na⁺

Plant
height

Shoot
Na+

Shoot DW 1              

Root DW 0.86** 1            

Shoot Ca2+ -0.69* -0.57 1          

Shoot K+ 0.76** 0.86** -0.71* 1        

Shoot
K⁺/Na⁺

0.71* 0.83** -0.54 0.92** 1      

Shoot
Ca2⁺/Na⁺

0.17 0.32 0.19 0.25 0.56 1    

Plant
height

0.56 0.4 -0.61* 0.72* 0.68* 0.19 1  

Shoot Na+ -0.68* -0.74* 0.53 -0.78** -0.91** -0.68* -0.62* 1

*, **, ns: Statistically significant at P < 0.01, 0.05, and non-significant, respectively

Discussion
The research analyzed the response of different stock flower cultivars to water salinity, with a particular
focus on the accumulation of K+, Ca2+, and Na+ in the plant shoots. The results showed that while there
was no significant difference among cultivars in response to water salinity at 6 dS/m, the dry weight of
root and shoot did show a statistical difference. These findings are consistent with a previous study by
Grieve et al. (2006), which reported a reduction in stem length of certain cultivars when exposed to
higher salt concentrations. Additionally, there were highly significant differences among cultivars in
terms of K+ and Ca2+ accumulation, however, Na+ quantities did not differ considerably among the
cultivars.

Of the selectivity coefficients of K+/Na+ and Ca2+/Na+ measured, only K+/Na+ was statistically
significant. The cultivars ‘Column Cooper’, ‘Column Lavender’ and ‘Column Lilac-Lavender’ had the
highest selectivity coefficient of K+/Na+ and the highest shoot dry mass, while ‘Column Mid-Blue’ had the

lowest K+/Na+ and therefore the lowest shoot dry weight.

The correlation results among the parameters revealed significant and positive correlations between K+

accumulation in shoots and dry mass of root and shoot. However, the amount of Ca2+ accumulated in

shoots was negatively correlated with shoot dry weight, and stored K+ in shoots. A significant and



Page 8/16

negative correlation was also found between the amount of Na+ and root dry weight, shoot dry weight,
accumulation of K+, K+/Na+ and Ca2+/Na+ selectivity coefficients, and plant height. The highest

correlation was observed between the quantity of Na+ accumulation and the selectivity coefficient of
K+/Na+.

It was concluded that under the current research conditions, the amount of K+ accumulated in shoots

determines salt tolerance in stock flower. The plant is able to accumulate Ca2+ at higher levels under
salinity stress, similar to other members of the Brassicaceae family. The stock flower tolerates salinity
through controlling Na+ absorption via salt excretion mechanism and maintenance of high K+/Na+ ratio.

The study suggests that the K+/Na+ selectivity coefficient is a good criterion for screening salt-tolerant
cultivars of stock flower, which is consistent with previous studies. Using this physiological trait as a pre-
selection index, stock flower genotypes can be screened at the seedling stage, which is saving time and
resources in breeding programs. The results obtained from this study are comparable to those obtained
from screening 54 tomato genotypes for salt tolerance by Yildiz Dasgan et al. (2002).

Declarations

Acknowledgement
The authors appreciate Iran National Science Foundation (INSF) and the University of Tehran for their
supports.

Author Contributions: M.A. and M.R.R. led, coordinated and designed the project. Z.H.Z.E, M.A., M.R.R.,
M.L., M.D and K.V. performed the experiment, analyzed the data and wrote the manuscript. All authors
commented on the results and the manuscript. All authors have read and agreed to the published version
of the manuscript.

References
1. Akita S, Cabuslay GS (1990) Physiological basis of differential response to salinity in rice cultivars.

Plant Soil 123:277-249.

2. Alian A, Altman A, Heuer B (2002) Genotypic difference in salinity and water stress tolerance of
fresh market tomato cultivars. Plant Science 152:59-65.

3. Al-Karaki GN (2000) Growth, water use efficiency and sodium and potassium acquisition by tomato
cultivars grown under salt stress. J Plant Nutr 23(1):1-8.

4. Apostolova EL (2023) Molecular Mechanisms of Plant Defense against Abiotic Stress. MDPI p
10339.

5. Asch F, Dingkuhn M, Dorffling K, Miezan K (2000) Leaf K/Na ratio predicts salinity induced yield loss
in irrigated rice. Euphytica 113:109-118.



Page 9/16

6. Ashraf MA, Hafeez A, Rasheed R, Hussain I, Farooq U, Rizwan M, Ali S (2023) Evaluation of Physio-
Morphological and Biochemical Responses for Salt Tolerance in Wheat (Triticum aestivum L.)
Cultivars. J Plant Growth Regul 1-21.

7. Assaha DV, Ueda A, Saneoka H, Al-Yahyai R, Yaish MW (2017) The role of Na+ and K+ transporters in
salt stress adaptation in glycophytes. Frontiers in Physiology 8, 509.

8. Behzadi Rad P, Roozban MR, Karimi S, Ghahremani R, Vahdati K (2021) Osmolyte accumulation and
sodium compartmentation has a key role in salinity tolerance of pistachios rootstocks. Agriculture
11(8), 708.

9. Derbali W, Goussi R, Koyro HW, Abdelly C, Manaa A (2020) Physiological and biochemical markers
for screening salt tolerant quinoa genotypes at early seedling stage. J Plant Interact 15, 27-38.

10. Dou Z, Abdelghany A.E, Zhang H, Feng H, Zhang Y, Yu S, Zhang F, Li Z, Fan J (2023) Exogenous
silicon application improves fruit yield and quality of drip-irrigated greenhouse tomato by regulating
physiological characteristics and growth under combined drought and salt stress. Scientia
Horticulturae 321, 112352.

11. Epstein E, Norlyn JD, Rush DW, Kingsbury RW, Kelly DB, Gunningham GA, Wrona AF (1980) Saline
cultures of crops: A genetic approach. Science 210:399-404.

12. Fooland M.R (1996) Genetic analysis of salt tolerance during vegetative growth in tomato,
Lycopersicon exculentum Mill. Plant Breeding 115: 245-250.

13. Grattan ST, Grieve CM (1999) Salinity mineral relations in horticultural crops. Scientia Horticulturae.
78(1-4)127-157.

14. Grieve CM, Poss JA, Amrhein C (2006) Response of Matthiolla incana to irrigation with Saline
wastewaters. HortScience 41(1):119-123.

15. Heuer B, Ravina I (2004) Growth and development of stock (Matthiola incana) under salinity. Aust J
Agric Res 55:907-910.

16. Jafari S, Garmdareh SEH (2019) Effects of salinity on morpho-physiological, and biochemical
characteristics of stock plant (Matthiola incana L.). Scientia Horticulturae 257, 108731.‏

17. Kamanga RM, Echigo K, Yodoya K, Mekawy AMM, Ueda A (2020) Salinity acclimation ameliorates
salt stress in tomato (Solanum lycopersicum L.) seedlings by triggering a cascade of physiological
processes in the leaves. Scientia Horticulturae 270, 109434.

18. Kamanga RM, Kopa F, Kamala FD, Sefasi A, Ndakidemi PA (2023) Screening and evaluation of
salinity stress tolerance in local malawian tomato Cultivars. Plant Physiology Reports 1-13.

19. Kardavani P (1994) Arid areas, climatic characteristics, and how the emergence of dry land. Tehran
University Press. First volume (In Farsi).

20. Khan A, Najeeb U, Wang L, Tan DKY, Yang G, Munsif F, Ali S, Hafeez A (2017) Planting density and
sowing date strongly influence growth and lint yield of cotton crops. Field Crops Research 209, 129-
135.



Page 10/16

21. Lauchli A, Epstein E (1990) Agricultural salinity assessment and management, In: K.K Tanji (Ed.),
Plant responses to saline and sodic conditions, (pp.113-137). American Society of Civil Engineering,
New York.

22. Lotfi N, Vahdati K, Kholdebarin B, Ashrafi EN (2009) Germination, mineral composition, and ion
uptake in walnut under salinity conditions. HortScience. 44(5), 1352–1357.

23. Ma X, Yu X, Cui G, Guo Z, Lang D, Zhang X (2023) Methyl jasmonate mitigates osmotic stress by
regulating carbon and nitrogen metabolism of Glycyrrhiza uralensis seedlings subjected to salt
stress. Acta Physiologiae Plantarum 45, 1-14.

24. Marschner H. (1995). Mineral nutrition of higher plants, Academic Press, New York, 657-680.

25. Mishra AK, Das R, George Kerry R, Biswal B, Sinha T, Sharma S, Arora P, Kumar M (2023) Promising
management strategies to improve crop sustainability and to amend soil salinity. Frontiers in
Environmental Science 10, 962581.

26. Mousavi BA, Nemati H, Tehranifar A, Hatefi S (2008) The study of hybridization and correlation
between traits of stock (Matthiola incana L.) genotypes. Journal of Horticultural Science and
Biotechnology 1, 45_55.

27. Munns R (1993) Physiological processes limiting plant growth in saline soils, some dogmas and
hypotheses. Plant Cell and Environment 16: 15-24.

28. Munns R, Tester M (2008) Mechanisms of Salinity Tolerance. Plant Biology, 59:651-681.

29. Pistelli L, Libik-Konieczny M, Hasanuzzaman M (2023) Plant-microbe interactions and their role in
salinity tolerance. Frontiers in Plant Science 14, 1142563.

30. Qureshi RH, Rashid A, Ahmad N (1990) A procedure for quick screening of wheat cultivars for salt
tolerance. Genetics aspects of plant mineral nutrition 315-324.

31. Santa-Maria GE, Epstein H (2001) Potassium/sodium selectivity in wheat and the amphiploid cross
wheat X Lophopyrum elongatum. Plant Science 160:523-534.

32. Shahbaz M, Ashraf M (2013) Improving salinity tolerance in cereals. Critical Reviews in Plant
Sciences 32, 237-249.

33. Tan C, Zhang H, Chen H, Guan M, Zhu Z, Cao X, Ge X, Zhu B, Chen D (2023) First Report on
Development of Genome-Wide Microsatellite Markers for Stock (Matthiola incana L.). Plants 12,
748.

34. Wigdor S, Stinson RF, McCall WW (1958) Chloride toxicity of flowering stock and sweet
peas. Michigan Agricultural experiment station, East Lansing. Quarterly bulletin 40:468-476.

35. Yamaguchi-Shinozaki K, Shinozaki K (2005) Organization of cis-acting regulatory elements in
osmotic-and cold-stress-responsive promoters. Trends in Plant Science 10, 88-94.

36. Yildiz Dasgan H, Aktas H, Abak K, Cakmak I (2002) Determination of screening techniques to salinity
tolerance in tomatoes and investigation of genotype responses. Plant Science 163:695-70.

Table 1



Page 11/16

Table 1 is available in the Supplementary Files section.

Figures

Figure 1

Shoot dry weight in different stock flower cultivars
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Figure 2

Root dry weight in different stock flower cultivars
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Figure 3

Amount of K+ accumulation in shoots in different cultivars of stock flower
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Figure 4

Amount of Ca2+ accumulation in the shoots of different stock flower cultivars
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Figure 5

Selectivity coefficient of K⁺/Na⁺ in the shoots of different cultivars of stock flower
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Figure 6

Cluster analysis of stock cultivars based on the studied traits under salinity stress
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