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Halophytes, gypsicoles and serpentinicoles are adapted to specialized —Received 17.12.2020
edaphic conditions at arid and semi-arid regions. These arid and semi- Accepted 30.01.2021
arid areas possess physical and chemical stress factors for all plants. For

these plants, one of the most important parameter that provides stress

tolerance is the proline accumulation. Proline is a water-soluble amino

acid generally accumulated under stress and behave like an indicator for

adaptation of plants against extreme conditions. In this study, the

amounts of proline accumulation in three different taxa, Salsola

boissieri subsp. serpentinicola, Salsola boissieri subsp. boissieri and

Salsola turcica, were determined. These taxa are phylogenetically close

to each other but adapted to different soil types. The highest proline  Keywords
accumulation measured in leaves of S. turcica with the value of 2.510 + )

0.020 pmol g FW and the lowest accumulation measured in leaves of ~ Chenopodiaceae/Amaranthaceae,

S. boissieri subsp. serpentinicola with the value of 0.996 + 0.024 pmol galosri’gg’ltg’
g'1 FW. As a result of these proline accumulations, it can be concluded Pr)grl)ine ’
that the high amount of proline accumulation in halophytic S. turcica is g4 50ja.

a response against stress conditions but the low proline accumulation of  gerpentine
S. boissieri subsp. serpentinicola means this species may have other

adaptations against the stress factors that caused by serpentinicolous

soils. Both of the studied taxa accumulate proline and the findings show

that proline accumulation can be a marker in the assessment of stress

tolerance of Salsola species.

1. Introduction

Environmental conditions like aridity, salinity, extreme changes in temperatures, extreme

precipitations etc. cause abiotic stress factors and influence the growth and propagation of
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plants (Taiz and Zeiger, 2010). Under abiotic stress conditions, plants made some
physiological and metabolic changes to adapt themselves against any harm at growth and
development (Kalefetoglu and Ekmekei, 2005).

Proline, a water-soluble amino acid, is one of the most important parameter in determining
the tolerance of plants to stress in saline and arid habitats and used as an indicator for plants
adaptation to these harsh conditions (Bian et al., 1988). Proline accumulation is important for
balancing osmotic pressure in plants (Iba, 2002; Ashraf and Harris, 2004), protecting the cell
membrane by reducing lipid peroxidation in arid conditions (Molinari et al., 2007), adjusting
cytosolic pH and regulating hydroxyl radicals (Matysik et al., 2002), photosynthetic activity
and preservation of mitochondrial functions, chlorophyll molecules and enzyme activities
(Rai etal., 2011).

Like halophytic plants, both gypsicole and serpantinicole plants generally distributed at
arid and semi-arid areas and these areas contain physical and chemical stress factors in many
aspects. Serpentine soils restrict plant growth and propagation because they have high Fe and
Mg and low Ca concentrations, they are rich in heavy metals like Ni, Cr and Co, and also they
are poor soils especially for some nutrients like N, P and K (Gordon and Lipman, 1926;
Vlamis and Jenny, 1948; Walker, 1954; Proctor and Woodell, 1975; Brooks, 1987; Avci,
2005). Plants on serpentine soils are also exposed to secondary water stress because of the
presence of heavy metals. They have to adapt heavy metal toxicity, water stress and also lack
of nutrients. Gypsaceous soils are also poor in organic matter and increase in gypsum cause
low cation exchange capacity. Ca concentration of gypsaceus soils is high and decrease Mg
and K availability, also cause increase in Ca:Mg ratio in plant tissues (FAO, 1990). Increase
in gypsum also causes decrease in water availability so plants face with water stress (Llinares
etal., 2015).

Salsola L. genus from Chenopodiaceae/Amaranthaceae family has a distribution area at
arid regions of Central and Southeastern Asia, northern Africa and Mediterranean region
(Guma et al., 2010). In Turkey, genus Salsola L. represented with 18 species and totally 23
taxa (Yaprak, 2012). Species of genus Salsola L. generally have adaptations to live on saline
or semi-saline areas (Aellen, 1967). Even though Salsola turcica Yildirimli, Salsola boissieri
Botsch. subsp. boissieri and Salsola boissieri Botsch. subsp. serpentinicola (Freitag &

Ozhatay) Freitag & Uotila are phylogenetically closely related, they are adapted on different
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edaphic conditions and became habitat specialists which make them more vulnerable against

habitat loss and degradation (Pueyo et al., 2008).

Salsola turcica Yildirimli is member of steppe vegetation with gypsaceous and saline soils
at 950-1000 m (Yildirimli, 2010). It is endemic for Turkey and halophytic and gypsicole
ecotypes were studied. Salsola boissieri Botsch. subsp. boissieri prefers rocky and stony
slopes at 900-2500 m around Sivas and Kahramanmaras provinces (Aellen, 1967). Salsola
boissieri Botsch. subsp. serpentinicola (Freitag & Ozhatay) Freitag & Uotila geographically
separated from the other subspecies and prefers serpentine rocks and rock cracks between
1600 and 2000 m around Burdur and Mugla provinces, it is also endemic for Turkey (Giiner
et al., 2000). According to the literature surveys there is not any record about the proline
accumulation of studied taxa. In this study, the authors aimed to determine the proline
accumulation of leaf tissues of the aforementioned Salsola taxa and whether these conditions

cause stress over the plants or they are adapted to these harsh environmental conditions.
2. Materials and Methods
2.1. Collection of Plant Specimens
The distribution and sampling areas of three taxa were given at Table 1. From each locality

leaf samples were taken from 5 different individuals in 2016 and preserved at -20°C at the

laboratory.
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Table 1. Taxa, collection number of specimens and localities

Collection
Taxon numl_)er of Locality
specimen
(IBCinar)
Ankara, Beypazari, about 14 km west
1055 of Beypazari, on the left side of
Beypazari-Nallithan highway
S. turcica Ankara, Beypazari, about 14 km west
(gypsicole ecotype) 1074 of Beypazari, on the right side of
Beypazari-Nallithan highway
1075 Eskisehir, Slvr_lhlsar, Asagikepen
village
Ankara, Sereflikochisar south of Akin
1088 .
village, Tuz Lake
S. turcica 1096 Konya, Cihanbeyli, around Yavsan
(halophytic ecotype) Saltpan, saline steppe
Konya, Cihanbeyli, Bolluk Lake,
1105 . :
saline alkaline areas
L Mugla, Fethiye, Beyagag, Koycegiz,
S.sté ?;)S:r']%rr:iilé?;p' 1110 Sandras Mountain
(serpentinicole subspecies) 1111 Burdur, Altmyayla, Dirmil pasture,

serpentine soils

1115 Sivas, Yildizeli, Yusufoglan village

Kahramanmaras, Ahir Mountain,
southern slopes

S. boissieri subsp. boissieri
(glycophyte subspecies) 1131

2.2. Determination of Free Proline Accumulation

Proline accumulation was determined by ninhydrin assay according to the method of Bates
et al. (1973). At a wavelength of 520 nm, the absorbance of the proline extract in toluene was
determined by Perkin Elmer 1420 Multilable Counter VICTOR3V. The accumulation of
proline was calculated by comparison with a standard calibration curve previously made by
using different concentrations of proline.

2.3. Statistical Analysis
Analysis results were calculated as mean values for each Salsola taxa. Measured proline
values were analysed by repeated measures analysis of variance (One way ANOVA).

Variance analysis was conducted by using SPSS 20 software. Based on the variance analyses

conducted for proline, the difference was found to be statistically significant (p<0.05). Data
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used in the statistical analysis are mean values + standard error measures for three replicates

(n=3).

3. Results and Discussion

Plants generally have two main mechanisms of tolerance against stress factors like salinity
and extreme temperatures. First one is the avoidance from the stress factor by making some
morphological and/or chemical modifications. The second mechanism is the resistance against
stress factors by making cellular and tissue level modifications (Avcioglu et al., 2003).
Against salinity stress plants accumulate some organic molecules like proline, glycine, betain
and sucrose to protect osmotic potential of cytoplasm (Taban et al., 1999). Proline
accumulation is believed to play adaptive roles in plant stress tolerance (Verbruggen and
Hermans, 2008). It is a common physiological response in many plants in response to a wide
range of biotic and abiotic stresses (Choudhary et al., 2005; Munns, 2005; HongBo et al.,
2006; Ashraf and Foolad, 2007; Saed-Moucheshi et al., 2013; Sharma et al., 2014; Hunt et al.,
2017; De Freitas et al., 2019; Trovato et al., 2019).

In this study, specimen with collection number IBCinar1096 was used as a control group
because most of the taxa of genus Salsola are halophytic. In the present work, proline
amounts in gypsicoles (1055, 1074, 1075) and halophytic species (1088, 1105) were found to
be higher than subspecies of S. boissieri (1110, 1111 and 1131) (p<0.05) (Table 2). In S.
boissieri subsp. boissieri (1115), it was found that there was an increase in the amount of
proline compared to the control group (p<0.05) (Table 2). According to the results the highest
proline accumulation was found in S. turcica (1105) with the value of 2.510 + 0.020 pmol g™
and the lowest was found in S. boissieri subsp. serpentinicola (1111) as 0.996 + 0.024 umol g’
! (p<0.05) (Table 2). In S. turcica (1105) species, compared with control group, the increase

in proline level were approximately 136.8 % (p<0.05).
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Table 2. Proline amounts in Salsola species (Values are means = SE, n = 3)

Taxa Collection Free Proline

Number numol g* FW

S. turcica (Gypsicole ecotype) 1055 1.826 + 0.035
S. turcica (Gypsicole ecotype) 1074 1.890 +0.135
S. turcica (Gypsicole ecotype) 1075 1.713+0.023
S. turcica (Halophytic ecotype) 1088 1.893 + 0.066
S. turcica (Halophytic ecotype) 1096 1.060 + 0.025
S. turcica (Halophytic ecotype) 1105 2.510 +0.020
S. boissieri subsp. serpentinicola 1110 1.336 +£0.018
S. boissieri subsp. serpentinicola 1111 0.996 + 0.024
S. boissieri subsp. boissieri 1115 2.000 £+ 0.046

S. boissieri subsp. boissieri 1131 1.316 £ 0.016

All plants including glycophytes synthesize proline as a response to abiotic and biotic
stress and it is also true for halophytes (Flowers and Hall, 1978; Tipirdamaz et al., 2006;
Grigore et al., 2011). In this study, the high proline accumulation of gypsicole and halophytic
species may be related to the osmotic stress caused by the aridity and salinity of the soil. The
osmotic stress caused by gypsum depending on salinity was seen as a stimulating factor for
proline biosynthesis in plants (Boscaiu et al., 2013). Osmotic stress caused by salt stress
activates proline synthesis may have had. Increased proline under salt stress conditions causes
an increase in cellular osmotic pressure and may have helped osmotic adjustment in the
cytoplasm, which may help increase tolerance. Moreover, the ability to retain water under
saline conditions with proline accumulation can increase salt tolerance by eliminating an
excess ion concentration by a dilution effect. Saradhi et al. (1995) and Hare and Cress (1997)
reported that proline amino acid, as one of the most common osmolite, was accumulated in
cytosol as a response to abiotic stress factors like salinity, aridity, extreme temperatures,
nutrient deficiencies etc. According to Boscaiu et al. (2013) the main trigger of proline
synthesis is the lack of water at gypsaceous and saline soils as in arid and semi-arid areas. The
lowest value measured at S. boissieri subsp. serpentinicola may be the result of adaptation of
this taxon to serpentine soils. Proline accumulation as an osmoregulator occurs due to water
stress in plants growing in serpentine soils with high metal content (Avci, 2005). However,
the amount of proline can vary between species. Also, these different reactions can be

associated with different genotypes.
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4. Conclusion

In nature, there are so many stressful factors and their influences change from species to
species, and many plants have developed some adaptation mechanisms through their
evolutionary processes and do not show any sign of stress under unfavourable conditions. By
having these adaptation mechanisms, plants can invade extreme habitats. According to the
proline levels it can be said that S. boissieri subsp. serpentinicola successfully adapted to its
habitat or have some other adaptation mechanisms as well as proline synthesis. But the soil
and climatic conditions cause stress over especially both ecotypes of S. turcica and S.
boissieri subsp. boissieri (1115) according to their proline accumulation and the presence of

proline help them to survive at these unfavourable conditions.

Acknowledgement

This study was supported by Ankara University Scientific Research Projects Coordination
within the scope of project no. 16L.0430001.

References

Aellen, P. 1967. Salsola. In: Davis, P.H. (Ed.). Flora of Turkey and the East Aegean Islands,
Edingburg University Press, Edinburgh. pp. 328-335.

Ashraf, M., Harris, P.J.C. 2004. Potential biochemical indicators of salinity tolerance in
plants, Plant Science, 166: 3-16.

Ashraf, M., Foolad, M.R. 2007. Roles of glycine betaine and proline in improving plant
abiotic stress resistance, Environmental and Experimental Botany, 59(2): 206-216.

Avci, M. 2005. Diversity and endemism in Turkey’s vegetation, Istanbul Universitesi
Edebiyat Fakiiltesi Cografya Boliimii Cografya Dergisi, 13: 27-55.

Avcioglu, R., Demiroglu, G., Khalvati, M. A., Geren, H. 2003. Ozmotik basincin baz kiiltiir
bitkilerinin erken gelisme donemindeki etkileri II. Prolin, Klorofil Birikimi ve Zar
Dayaniklilig1, Ege Universitesi, Ziraat Fakiiltesi Dergisi, 40(2): 9-16.

Bates, L.S., Waldren, R.P., Teare, I1.D. 1973. Rapid determination of free proline for water
stress studies, Plant and Soil, 39: 205-207.

Bian, Y.M., Chen, S.Y., Liu, S.K., Xie, M.Y. 1988. Effects of HF on proline of some plants,
Plant Physiology Communications, 6: 19-21.

Boscaiu, M., Bautista, I., Lidon, A., Llinares, J., Lull, C. et al. 2013. Environmental-
dependent proline accumulation in plants living on gypsum soils, Acta Physiologiae
Plantarum, 35: 2193-2204.

Brooks, R.R. 1987. Serpentine and its vegetation: A multidisciplinary approach. Dioscorides
Press, Portland, OR.

79



Choudhary, N.L., Sairam, R.K., Tyagi, A. 2005. Expression of deltal-pyrroline-5-carboxylate
synthetase gene during drought in rice (Oryza sativa L.), Indian Journal of Biochemistry
and Biophysics, 42: 366-370.

De Freitas, P.A.F., De Carvalho, H.H., Costa, J.H., De Souza, M.R., Da Cruz Saraiva, K.D. et
al. 2019. Salt acclimation in sorghum plants by exogenous proline: physiological and
biochemical changes and regulation of proline metabolism, Plant Cell Reports, 38: 403-
416.

Food and Agriculture Organization. 1990. Management of gypsiferow soils. FAO Soils
Bulletin 62, Rome, Italy.

Flowers, T.J., Hall, J.L. 1978. Salt tolerance in Suaeda maritima (L.) Dum: The effect of
sodium chloride on growth and soluble enzymes in a comparative study with Pisum
sativum L., Journal of Experimental Botany, 23: 310-321.

Gordon, A., Lipman, C.B. 1926. Why are serpentine and other magnesian soils infertile?, Soil
Science, 22: 291-302.

Grigore, M.N., Boscaiu, M., Vicente, O. 2011. Assessment of the relevance of osmolyte
biosynthesis for salt tolerance of halophytes under natural conditions, European Journal of
Plant Science and Biotechnology, 5: 12-19.

Guma, 1. R., Padron-Mederos, M. A., Santos-Guerra, A., Reyes-Betancort, J. A. 2010. Effect
of temperature and salinity on germination of Salsola vermiculata L. (Chenopodiaceae)
from Canary Islands, Journal of Arid Environments, 74: 708-711.

Gliner, A., Ozhatay, N., Ekim, T., Baser, H.C. 2000. Flora of Turkey and East Aegean
Islands, Vol. 11, (Supplement 2) Edinburgh: Edinburgh University Press.

Hare, P.D., Cress, W.A. 1997. Metabolic implications of stress-induced proline accumulation
in plants, Plant Growth Regulation, 21: 79-102.

HongBo, S., ZongSuo, L., MingAn, S. 2006. Osmotic regulation of 10 wheat (Triticum
aestivum L.) genotypes at soil water deficits, Colloids and Surfaces B: Biointerfaces, 47:
132-1309.

Hunt, L., Amsbury, S., Baillie, A.L., Movahedi, M., Mitchell, A. et al. 2017. Formation of the
stomatal outer cuticular ledge requires a guard cell wall proline-rich protein, Plant
Physiology, 42: 715-729.

Iba, K. 2002. Acclimative response to temparature stress in higher plants: Approaches of gene
engineering for temparature tolerance, Annual Review of Plant Biology, 53: 225-245.

Kalefetoglu, T., Ekmek¢i, Y. 2005. The effects of drought on plants and tolerance
mechanisms, Gazi Universitesi Fen Bilimleri Dergisi, 18 (4): 723-740.

Llinares, J.V., Bautista, 1., Donat, M.DP., Lidon, A., Lull, C. et al. 2015. Responses to
environmental stress in plants adapted to Mediterranean gypsum habitats, Notulae Scientia
Biologicae, 7(1): 37-44.

Matysik, J., Bhalu, B.A., Mohanty P. 2002. Molecular mechanism of quenching of reactive
oxygen species by proline under stress in plants, Current Science, 82: 525-532.

Molinari H.B.C, Marur C.J, Daros E., De Campos M.K.F., De Carvalho J.F.R.P. et al. 2007.
Evaluation of the stress-inducible production of proline intransgenic sugarcane
(Saccharum spp.): osmotic adjustment, chlorophyll fluorescence and oxidative stress,

Physiologia Plantarum, 130: 218-229.

Munns, R. 2005. Genes and salt tolerance: bringing them together, New Phytologist, 167:
645-663.

Proctor, J., Woodell, S.R.J. 1975. The ecology of serpentine soils, Advances in Ecological
Research, 9: 255-366.

Pueyo, Y., Alados, C.L., Barrantes, O., Komac, B., Rietkerk, M. 2008. Differences in gypsum
plant communities associated with habitat fragmentation and livestock grazing, Ecological
Applications, 18(4): 954-964.

80



Rai, M.K., Kalia, R.K., Singh, R., Gangola, M.P., Dhawan, A.K. 2011. Developing stress
tolerant plants through in vitro selection-An overview of the recent progress,
Environmental and Experimental Botany, 71(1): 89-98.

Saed-Moucheshi, A., Heidari, B., Zarei, M., Emam, Y., Pessarakli, M. 2013. Changes in
antioxidant enzymes activity and physiological traits of wheat cultivars in response to
arbuscular mycorrhizal symbiosis in different water regimes, Iran Agricultural Research,
31(2): 35-50.

Saradhi, P., Alia, P., Arora, S., Prasad, K.V. 1995. Proline accumulates in plants exposed to
UV radiation and protects them against UV induced peroxidation, Biochemical and
Biophysical Research Communications, 209: 1-5.

Sharma, V., Ramawat, K.G. 2014. Salt stress enhanced antioxidant response in callus of three
halophytes (Salsola baryosma, Trianthema triquetra, Zygophyllum simplex) of Thar
Desert, Biologia, 69(2): 178-185.

Taban, S., Giines, A., Alpaslan, M., Ozcan, H. 1999. Degisik misir (Zea mays L. cvs)
cesitlerinin tuz stresine duyarliliklari, Turkish Journal of Agriculture and Forestry, 23(3):
625-633.

Taiz, L., Zeiger, E. 2010. Plant Physiology. 5th Edition, Sinauer Associates Inc., Sunderland.

Tipirdamaz, R., Gagneul, D., Duhaze, C., Ainouche, A., Monnier, C. et al. 2006. Clustering of
halophytes from an inland salt marsh in Turkey according to their ability to accumulate
sodium and nitrogenous osmolytes, Environmental and Experimental Botany, 57: 139-153.

Trovato, M., Forlani, G., Signorelli, S., Dietmar Funck, D. 2019. Proline metabolism and its
functions in development and stress tolerance. In: Hossain M.A., Kumar, V., Burritt, D.,
Fujita, M., Makela, P. (Eds). Osmoprotectant-Mediated Abiotic Stress Tolerance. Springer
Nature Switzerland. pp. 41-72.

Verbruggen, N., Hermans, C. 2008. Proline accumulation in plants: a review, Amino Acids,
35: 753-759.

Vlamis, J., Jenny, H. 1948. Calcium deficiency in serpentine soils as revealed by absorbent
technique, Science, 107: 549-51.

Walker, R.B. 1954. The ecology of serpentine soils: A symposium. Il. Factors affecting plant
growth on serpentine soils, Ecology, 35: 259-66.

Yaprak, A.E. 2012. Chenopodiaceae. In: Giiner, A., Aslan, S., Ekim, T., Vural, M. ve Babacg,
M.T. (Eds). Tiirkiye Bitkileri Listesi (Damarli Bitkiler) Nezahat Gokyigit Botanik Bahgesi
ve Flora Arastirmalar1 Dernegi Yayini, Istanbul.

Yildirimli, S. 2010. Some new taxa, records and taxonomic treatments from Turkey, Ot
Sistematik Botanik Dergisi, 17(2): 64-68.

81



