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ABSTRACT

It is crucial that we learn from halophytes to cope with a saline environment. Currently, climatechange increases the
chance of drought and heat which spread the processes of salt transmission and accumulation within the top horizons
of arid and semiarid soil. Elevated salinization in arid and semiaridregions necessitates the development of economic
and environmentally friendly saline agriculture to becomparable with the world population increase. Halophytes have
the capability to combat various abiotic factors which occur in their surroundings, following different mechanisms to
stress adverse effects. Investigating halophytes can be useful as the processes by which halophytes thrive and sustain
productivity in saline environments can help in understanding appropriate modulation and adaptation of crop plants.
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INTRODUCTION

Historically, the fall of civilizations has been attributed in part to their inability to sustain food production on
salinized lands. While estimates vary, over the next 30 years, an additional 500 million acres of new croplands may be
required to feed burgeoning populationst*! and food production must double.? It has been estimated by the United
States Department of Agriculture that globally, more than 10 million hectares are lost every year to salinity due to
excessive irrigation, poor farming practices, and unsustainable water management. The depletion of clean water

resources is projected to be one of humanity’s worst problems. !

The United Nations Environment Programme reports 412 million hectares of saline soil and 618 million hectares of
sodic soil, totaling 1030 million™! hectares of salt-affected soils in drylands in different continents that have become saline
due to primary and secondary salinization. Saline soil is characterized by the presence of soluble salts in the soil, which
limits plant growth by holding water more tightly in the soil. The plants thus cannot extract it, resulting in dried-out crops

that show significant signs of not getting enough water. !

Proper plant growth and development is reliant on the ability to respond to environmental stressors, such as drought, soil
salinity, and nutrient deficiency. Halophytes are plants that can withstand saline environments, often found in
mangroves, salt marshes, and seashores. Having various abiotic factors that allow them to combat severe conditions
in their surroundings, salt tolerance in halophytes is not well understood, but current understanding assumes

different species have a range of different adaptations. !
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Investigating halophytes can help scientists find ways to regulate conventional crop growth by analyzing the
processes that allow halophytes to thrive in saline water. There is also potential for genetictransformation, as genes
that are specifically geared towards allowing halophytes to respond to salt concentrations may allow for transgenic
crops that have an adaptation to high salt concentrations. Halophytes may also be used as bioremediators (Qadir M et

al., 1996) due to their potential to leach saltsfrom soil.

1. Halophyte-Based Agriculture
Halophytes are capable of tolerating a wide range of salinities, even beyond seawater concentration (Yensen, 2006). In
the early 1960s, Hugo and Elisabeth Boyko demonstrated that it may be possible tocultivate crops with seawater
(Byoko and Byoko, 1964). However, the majority of agricultural crops are highly salt-intolerant, with 2 dS m-1
causing a 19% reduction in beans, 14% in peppers, 12% in corn, and 12% in potatoes. To produce sufficient quantities
of food and economic yield, two research directions were proposed: the cross-breeding of salt-tolerant speciest”? and
the domestication ofhalophytes. As it seemed promising, many research efforts worldwide were dedicated to the first
option,but it proved too difficult a task as salt-tolerance is a multigenetic trait.["®! To date, most scientific literature still

focuses on basic research questions with regards to salt-tolerance mechanisms, as they are still not well understood.

1.1 Halophytes as Potential Fodder Crops

Over the course of 3 years, 78 plant species that could be irrigated with 100% seawater and an additional 22 that
could be irrigated with 10% were identified.[®] Atriplex nummularia, while highly salt-tolerant, is lacking as a food
source and cannot be used as fodder. However, many other species of saltbush may be used as a complimentary
nutrient source if combined with energy supplements—such as barley—for small ruminants.*”! Salt accumulation
results in reduced nutritional value, so if halophytes are to be used as fodder, they must be fed to animals in
combination with more nutritious crops. By testing ash content, Distichlis spicata and A. nummularia were
identified as a potential fodder crops.[9,11] An experiment involving feeding S. bigelovii straw or seed meal to
lambs showed that it could be used as a feed substitute in arid coastal regions where fresh water for crop irrigation
is limited.!*?! For other species of Salicornia, 40% of fish meal was replaced in the conventional fish meal diet, with

no adverse effect on fish growth and body composition.[*3!

1.2 Halophytes as Potential Food Crops

Halophytes also have the potential to be sold as gourmet vegetables. For centuries, some species of halophytes—
including Crithmum maritimum, Portulaca oleracea, Salicornia spp. and Aster tripolium—have been gathered and
consumed for centuries. These species are known for their ability to synthesize simple and complex sugars, amino
acids, quaternary ammonium compounds, polyols and antioxidants.'***] Several halophytes—such as Salicornia
spp. and Aster tripolium— are already being sold as sea vegetables and salad crops on European markets at
comparatively high prices (Boer, 2006) and others—such as Salsola soda, Crambe maritima and Beta maritime—
have great potential to be released into the market as well. Crithmum maritimum, prized for its antiscorbutic
properties, has been collected by sailors along the maritime cliffs for years.'s! Inula crithmoides is a species
traditionally consumed in Lebanon, and less commonly in other Mediterranean countries such as Spain and

Italy,[17:1819]

Atriplex hortensis (red orach) and Tetragonia tetragonioides (New Zealand spinach) have been suggested as

spinach replacements. Since ancient times, the former has been cultivated for its edible and is still grown in kitchen
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gardens as a pot herb.[?22! It is also remarkably similar in chemical composition to spinach (Carlsson and Clark,
1983).

Currently, quinoa, with its high tolerance for salinity, drought, frost and wind, and it’s exceptional nutritional
quality, has become an increasingly popular food. It will likely contribute to food security in the future as
conditions become more saline.??!

However, the potential for halophytes to contribute to reducing food insecurity does not mean that existing farming
practices do not need to be reevaluated. Aster tripolium, a halophyte being cultivated in projects based in the
Netherlands, Belgium and Portugal, exhibited microelement deficiency when indirectly induced by a higher pH
(Ventura et al., 2013).

There is a projected 1-1.5% increase in yield for major crops such as wheat, rice, and maize (Wingeyer et al., 2015)
which is not enough to keep up with the increasing food demand. It has been recommended that halophytes be bred
to improve their agricultural traits so they can become more economically viable. An estimated 2500-3000 species
occur naturally in salt marsh habitats, which provides a gene bank from which development of economically viable
cash crops is possible. However, this requires further research into the mechanisms via which halophytes are salt-
tolerant. Currently, seed germination of salt marsh species is thought to be determined by temperature, and their

success is attributed to their ability to cope with high stem densities and high salt concentrations during growth.

2. Salt Tolerance in Halophytes
Halophytes can be obligate or facultative: obligate halophytes require constant salt for maximum growth, while
facultative halophytes can grow with or without saline conditions. Though halophytes make up 1% of the world’s
flora, they are remarkably diverse in terms of habitat, response to abiotic stresses, and distribution among taxa of
flowering plants.®®! Based on the classification of halophytes as plants that are able to complete their life cycle at
200 mM NaCl (Flowers and Colmer, 2008), there are 350 species of halophytes distributed in 20 orders and 256

families.®

Currently, mechanisms are separated into two groups: salt-tolerance and salt-avoidance. Salt- avoidance is usually a
result of low salt permeability in the roots (salt exclusion) or the excretion of some of the penetrating ions and
retention of others (salt evasion).[*?4 Analysis of glycophytes has shown that they also have very similar
mechanisms but they are less effective and slower to to function.? Several studies have shown that tolerant plants
may also tolerate other stresses including heavy metals and xenobiotics, which is a sign of great potential in further

phytoremediation research.

2.1 lon Sequestration

Over the course of evolution, halophilic plants have adapted to extreme air and soil dryness, intense salinization,
and summer and low winter temperatures.?®! This is mostly due to their ability to localize ions in metabolically
inactive organs and cellular compartments to synthesize compatible osmolytes and to induce antioxidant systems,
which also allows them to tolerate the presence of toxic ions.[?52™] In order to maintain continuous water absorption,
many halophytes store toxic ions—namely, Na+ and Cl—in the vacuole to avoid cytoplasmic toxicity (Munns
and Tester, 2008) It has been well established that under saline conditions, halophytes accumulate compatible
osmolytes, such as proline, glycine, and polyphenols. Toxic ions are absorbed via secondary active transport, and
plasma membrane transport systems either include or exclude Na+ ions into the cytoplasm, where

transport systems sequester Na+ into the vacuoles.?®!
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It can be thus assumed that salt and metal-tolerant plants share common physiological traits that create tolerance
toward a wide range of abiotic factors.?62°1 Studies on the halophyte Mesembryanthemum crystallinum suggest

that responses to salt and copper environmental stresses overlap."!

2.2 Synthesis of Osmoprotectants

Osmolytes are non-toxic highly soluble organic compounds. (Slama et al., 2015) Tolerance is also linked to the
ability to synthesize osmoprotectants in order to maintain a favorable water potential gradient and to protect
cellular structures (Lefévre et al., 2009). Under salty conditions, polyamines may be involved in the protection of
cellular structures from oxidative damage (Bouchereau et al., 1999, Bose et al., 2014), but their specific mechanism
is poorly understood .*Y1 Ultimately, due to heavy metal stress also resulting in water stress (Poschenrieder et al.,
1989; Nedjimi and Daoud, 2009) and oxidative damages to cellular structures,®:3231 halophytes’ ability to
synthesize osmoprotectants may result in their ability to cope with heavy metals.

2.3 Salt Excretion and Succulence

Many halophytes also have salt tolerance mechanisms in their leaves, with salt glands, salt bladders, trichomes or
succulent tissues that remove excess deleterious toxic ions from photosynthetically active tissues and regulate plant
tissue ion concentration. 52731

In halophytes containing salt excretion organs—most commonly Poaceae, Tamaricaceae, Chenopodiaceae, and
Frankenaciaceae—more than 50% of salt ions entering the leaves can be excreted (Glenn et al. 1999)."] Research
studies have also shown that these glands may be able to secrete other metal ions.[**35361 Studies focused on
specific halophytic species and salt marsh species encourage the notion that halophytes being used as potential
bioremediators will be a more promising approach in the future. Further research should focus on the identification

of additional salt-responsive genes that will further our understanding of salt-tolerating mechanisms.

Succulence is a trait that increases the water content of plant tissues. Caused by an increased size of mesophyll cells
and smaller intercellular spaces, osmotically active solutes maintain cell turgor pressure and dilutes the impact of
toxic ions (Flowers et al., 1977). Succulent leaves also contain an increased number of larger-sized mitochondria,
which helps in fulfilling the energy demands of ion sequestration. Some succulents—such as Halosarcia
pergranulata, Mesembryanthemum crystallinum, and Sesuvium portulacastrum— sequester Na+ in vacuoles
(Lokhande et al., 2013).2"1 Others—such as Atriplex sp., Limonium atifolium, Spartina sp., Sporobolus spicatus,

and Porteresia coarctata—also possess salt hairs and salt glands.

Since tolerance is a multigenetic trait, it is likely that many processes are working simultaneously to result in salt-
tolerance. Thus, halophytes are likely to be naturally better at surviving in not only saline environments, but other
stressful environments, which would make them better options for phytoremediation than the current salt-sensitive
crops chosen for phytoextraction—such as sunflowers, corn, pea, and mustard. ]
3. Halophytes as Bioremediators

Current chemical treatment of soils is inadequate and expensive. Using halophilic species as bioremediators has
been nominated as an effective way to improve soil quality and a promising approach to reduce salt contents in the
saline soils (Akhter et al., 2003; Salt et al., 1998, Qadir et al., 1996). Phytoremediation relies on the biological and
physical characteristics of plants to remove pollutants from the environment or render them harmless. Potential

applications include the removal of heavy metals, radionuclides, petroleum hydrocarbons, chlorinated solvents,
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pentachlorophenol (PCP), and Polycyclic Aromatic Hydrocarbons (PAHS) through accumulation (phytoextraction
and rhizofiltration) or dissipation (phytovolatilization), degradation (rhizodegradation and phytodegradation), or

immobilization (phytostabilization).®]

However, phytoremediation is not as simple as planting halophytes and leaving them to do their work. Plants must
be carefully selected and monitored to ensure proper growth, and due to limited knowledge of remediation
mechanisms, extensive research is required to identify the suitability of specific plant species.

In Pakistan, Leptochloa fusca (kallar grass) has been demonstrated to have the potential to leach salts from the
surface (0-20 cm) and lower depths (>100 cm) of soils, resulting in a decrease of soil salinity, sodicity, and pH.
Cultivation resulted in not only high productivity (Mahmood et al., 1994),1°1 but in the first 3 years, kallar grass
was able to improve the chemical composition of soil. After 5 years of growth, was able to maintain the soil
fertility, showing increased vegetation growth. This proves that growing salt-tolerant plants can avoid the depletion
of saline barren lands (Hollington et al., 2001).[4]

Over the course of a 4-month period, Suaeda maritima and Sesuvium portulacastrum are able to accumulate salts in
their tissues, 504 and 474 kg of NaCl, respectively, from 1 hectare in Pakistan.[*?l In Egypt, Juncus rigidus and
Juncus acutus were used to similar effect,*! and three salt accumulator halophytes—Tamarix aphylla, Atriplex
nummularia, and Atriplex halimus—in Jordan Valley.

It is notable that when selecting halophilic species for bioremediation, species with a greater rate of salt uptake,
tolerance to more than one environmental threat, and a large biomass would be required. Despite the evidence
provided, further research is needed to identify specific utilization techniques.

DISCUSSION

It must be noted that seawater-based agriculture is not a sustainable solution to the ongoing environmental crisis.
While a potentially promising temporary solution due to the large amount of seawater available, seawater irrigation
will only further contribute to saline soil. The adaptation of halophytes to become more economically and
nutritionally viable is a more sustainable solution, as it does not have any immediate detrimental effects on the

environment. More research is needed, as the understanding of halophilic adaptations is poorly understood.

CONCLUSION

Halophytes show significant promise in our continued adaptations to our increasingly saline environment. Not only
is there a significant basis for halophyte based agriculture—with high potential for halophilic fodder and food
crops—hbut there is also a considerable amount of potential for halophytes to be used as bioremediators. Further
research is needed to identify the best species for bioremediation and nutritional supplementation, with suggestions
that crops may be bred or genetically modified to increase salt tolerance or halophytes may be bred to further their

economic viability.

REFERENCES

1. Khan MA, Duke NC. Halophytes — A resource for the Future. Wetlands Ecology and Management.
2001;6:455-456.

2. Flowers MJ, Muscolo A. Introduction to the Special Issue: Halophytes in A Changing World.

2015;7: plv020.

United Nations. Global Issues: Water. from: https://vwww.un.org/en/global-issues/water

4. Shahid SA, Zaman M, Heng L. Soil Salinity: Historical Perspectives and a World Overview of the

w



https://www.halophyte.org/pdfs/drkhan_pdfs/87.pdf
https://www.halophyte.org/pdfs/drkhan_pdfs/87.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4422832/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4422832/
http://www.un.org/en/global-issues/water
http://www.un.org/en/global-issues/water
https://link.springer.com/chapter/10.1007/978-3-319-96190-3_2

International Case Reports Journal

Ocean Visionary
Publications

Research Article (ISSN: 2770-9647)

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Problem. In: Guideline for Salinity Assessment, Mitigation and Adaptation Using Nuclear and Related
Techniques. Springer, Cham. 2018.

Flowers J, Colmer TD. Plant Salt Tolerance: Adaptations in Halophytes. Ann Bot. 2015;115:327-
331.

Amal Ahmed Morsy, Karima Hamid A Salama, Mohammed Magdy F. Mansour. Coping with Saline
Environment: Learning from Halophytes. 2020.

Flowers TJ, Yeo AR. Breeding for Salinity Resistance in Crop Plants — Where Next. Australian
Journal of Plant Physiology. 1995;22:875-884.

Flowers TJ, Galal HK, Bromham L. Evolution of Halophytes: Multiple Origins of Salt
Tolerance in Land Plants. Functional Plant Biology. 2010;37:604-612.

Pasternak D. Fodder Production with Saline Water. Project Report January 1982-December 1989.
BGUN-ARI. 1990:35:181.

El Shaer HM. Halophytes and salt-Tolerant Plants as Potential Forage for Ruminants in the
Near East Region. Small Ruminant Research. 2010;91:3-12.

Amnon Bustan, Dov Pasternak, Irina Pirogova, Muhamet Durikov, Tonny T Devries, Shaher El-
Meccawi. Evaluation of Saltgrass as a Fodder Crop for Livestock. Journal of the Science of Food
and Agriculture. 2005;85:2077-2084.

Swingle RS, Glenn EP, Squires V. Growth Performance of Lambs Fed Mixed Diets Containing
Halophyte Ingredients. Animal Feed Science and Technology. 1996;63:137-148.

Belal IEH, Al-Dosari M. Replacement of Fish Meal with Salicornia Meal in Feed for Nile
tilapia Oreochromis niloticus. Journal of the World Aquaculture Society. 1999;30:285-289.

Parvaiz A, Satyawati S. Salt Stress and Phyto-Biochemical Response of Plants — A Review. Plant,
Soil and Environment. 2008;54:89-99.

Ventura Y, Sagi M. Halophyte Crop Cultivation: The Case for Salicornia and Sarcocornia.2013.
Cunsolo F, Ruberto G, Amico V, Piatelli M. Bioactive Metabolites from Sicilian Marine
Fennel, Crithmum Maritimum. Journal of Natural Products 1993;56:1598-1600.

Zurayk R, Baalbaki R. Inula Crithmoides: A Candidate Plant for Saline Agriculture. Arid Soil Research
and Rehabilitation.1996;10:213-223.

Guarrera PM, Salerno G, Caneva G. Food, Flavouring and Feed Plant Tra- Ditions in the
Tyrrhenian Sector of Basilicata, Italy. Journal of Ethnobiology and Ethnomedicine. 2006;2:37.

Tardio J, Pardo de Santayana M, Morales R. Ethnobotanical Review of Wild Edible Plants in
Spain. Botanical Journal of the Linnean Society. 2006;152:27-71.

Wilson C, Lesch SM, Grieve CM. Growth Stage Modulates Salinity Toler- Ance of New
Zealand Spinach (Tetragonia tetragonioides, Pall) and Red Orach (Atriplex hortensis L.). Annals of
Botany. 2000:;85:501-509.

Stupski J, Achrem-Achremowicz J, Lisiewska Z, Korus A. Effect of processing on the amino acid
content of New Zealand spinach (Tetragonia tetragonioides Pall. Kuntze). International Journal of
Food Science and Technology. 2010;45:1682-1688.

Adolf, VI, Jacobsen, SE, Shabala, S. Salt Tolerance Mechanisms in Quinoa (Chenopodium quinoa
Willd.). Environmental and Experimental Botany. 2013;92:43-54.

Mozafar A, Goodin JR. Vesiculated Hairs: a Mechanism for Salt Tolerance in Atriplex Halimus L. Plant Physiol.
1970:45:62-65.

Ramadan T. Ecophysiology of Salt Excretion in the Xero-Halophyte Reaumuria Hirtella. New
Phytol. 1998;139:273-281.

Orcutt DM, Nilsen ET. Phytotoxicity and Soil Pollution: Heavy Metals and Xenobiotics. In:The
Physiology of Plants Under Stress, Soil and Biotic Factors. New York, John Wiley and Sons, Inc.
2000:481-517.



https://link.springer.com/chapter/10.1007/978-3-319-96190-3_2
https://link.springer.com/chapter/10.1007/978-3-319-96190-3_2
https://pubmed.ncbi.nlm.nih.gov/25844430/
https://pubmed.ncbi.nlm.nih.gov/25844430/
https://link.springer.com/chapter/10.1007/978-981-15-2156-0_7
https://link.springer.com/chapter/10.1007/978-981-15-2156-0_7
https://www.publish.csiro.au/FP/PP9950875
https://www.publish.csiro.au/FP/PP9950875
https://www.publish.csiro.au/fp/fp09269
https://www.publish.csiro.au/fp/fp09269
https://www.cabdirect.org/cabdirect/abstract/19916776023
https://www.cabdirect.org/cabdirect/abstract/19916776023
https://coek.info/pdf-halophytes-and-salt-tolerant-plants-as-potential-forage-for-ruminants-in-the-nea.html
https://coek.info/pdf-halophytes-and-salt-tolerant-plants-as-potential-forage-for-ruminants-in-the-nea.html
http://lib3.dss.go.th/fulltext/Journal/J.Sci.Food%20and%20Agri/2005v85/no.12/2005v85no12p2077-2084.pdf
http://lib3.dss.go.th/fulltext/Journal/J.Sci.Food%20and%20Agri/2005v85/no.12/2005v85no12p2077-2084.pdf
http://lib3.dss.go.th/fulltext/Journal/J.Sci.Food%20and%20Agri/2005v85/no.12/2005v85no12p2077-2084.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0377840196010188
https://www.sciencedirect.com/science/article/abs/pii/S0377840196010188
https://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1999.tb00877.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1999.tb00877.x
https://www.agriculturejournals.cz/publicFiles/01024.pdf
https://www.agriculturejournals.cz/publicFiles/01024.pdf
https://www.researchgate.net/publication/252321242_Halophyte_crop_cultivation_The_case_for_Salicornia_and_Sarcocornia
https://pubs.acs.org/doi/abs/10.1021/np50099a022
https://pubs.acs.org/doi/abs/10.1021/np50099a022
https://www.researchgate.net/publication/248986685_Inula_crithmoides_A_candidate_plant_for_saline_agriculture
https://www.researchgate.net/publication/248986685_Inula_crithmoides_A_candidate_plant_for_saline_agriculture
https://ethnobiomed.biomedcentral.com/articles/10.1186/1746-4269-2-37
https://ethnobiomed.biomedcentral.com/articles/10.1186/1746-4269-2-37
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1095-8339.2006.00549.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1095-8339.2006.00549.x
https://www.sciencedirect.com/science/article/abs/pii/S0305736499910867
https://www.sciencedirect.com/science/article/abs/pii/S0305736499910867
https://www.sciencedirect.com/science/article/abs/pii/S0305736499910867
https://www.researchgate.net/publication/227783823_Effect_of_processing_on_the_amino_acid_content_of_New_Zealand_spinach_Tetragonia_tetragonioides_Pall_Kuntze
https://www.researchgate.net/publication/227783823_Effect_of_processing_on_the_amino_acid_content_of_New_Zealand_spinach_Tetragonia_tetragonioides_Pall_Kuntze
https://www.researchgate.net/publication/227783823_Effect_of_processing_on_the_amino_acid_content_of_New_Zealand_spinach_Tetragonia_tetragonioides_Pall_Kuntze
https://www.sciencedirect.com/science/article/abs/pii/S0098847212001554
https://www.sciencedirect.com/science/article/abs/pii/S0098847212001554
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC396355/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC396355/
https://www.jstor.org/stable/2588296
https://www.jstor.org/stable/2588296

International Case Reports Journal

Ocean Visionary
Publications

Research Article (ISSN: 2770-9647)

26.

217.
28.
29.
30.
3L
32.

33.
34.

35.

36.

37.

38.
39.

40.

41,
42.
43

Shevyakova NI, Netronina IA, Aronova EE, Kuznetsov VIV. Compartmentation of Cadmium and Iron in
Mesembryanthemum crystallinum Plants During the Adaptation to Cadmium Stress. Russ J Plant Physiol.
2003;50:678-685.

Glenn EP, Brown JJ, Blumwald E. Salt Tolerance and Crop Potential of Halophytes. Crit Rev Plant Sci.
1999;18:227-255.

Mansour MMF. The Plasma Membrane Transport Systems and Adaptation to Salinity. J Plant Physiol.
2014;171:1787-1800.

Przymusinski R, Rucinska R, Gwozdz EA. Increased Accumulation of Pathogenesis-Related Proteins in
Response of Lupine Roots to Various Abiotic Stresses. Environ Exp. Bot. 2004;52:53-61.

Thomas JC, Malick FK, Endreszl C, Davies EC, Murray KS. Distinct Responses to Copper Stress in the
Halophyte Mesembryanthemum crystallinum. Physiol Plantarum. 1998;102:360-368.

Lefévre 1, Marchal G, Meerts P, Corre’al E, Lutts S. Chloride Salinity Reduces Cadmium Accumulation by
the Mediterranean Halophyte Species Atriplex halimus L. Environ Exp Bot. 2009;65:142-152.

Shah K, Kumar RG, Verma S, Dubey RS. Effect of Cadmium on Lipid Peroxidation, Superoxide Anion
Generation and Activities of Antioxidant Enzymes in Growing Rice Seedlings. Plant Sci. 2001;161:1135-
1144.

Verma S, Dubey RS. Lead Toxicity Induces Lipid Peroxidation and Alters the Activities of Antioxidant
Enzymes in Growing Rice Plants. Plant Sci. 2003;164:645-655.

Thomson WW, Berry WL, Liu LL. Localization and secretion of salt by the salt glands of

Tamarix aphylla. Proc Natl Acad Sci USA. 1969;63:310-317.

Storey R, Thomson WW. An X-ray Microanalysis Study of the Salt Glands and Intracellular Calcium
Crystals of Tamarix. Ann Bot London.1994;73:307-313.

Hagemeyer J, Waisel Y. Excretion of ions (Cd2+, Li+, Na+ and Cl-) by Tamarix aphylla. Physiol
Plantarum. 1988;73:541-546.

Lokhande VH, Gor BK, Desai NS, Nikam TD, Suprasanna P. Sesuvium Portulacastrum, A Plant for
Drought, Salt Stress, Sand Fixation, Food and Phytoremediation. A Review. Agronomy for Sustainable
Development, 2013;4-22.

Jordan FL, Robin-Abbott M, Maier RM, Glenn EP. A Comparison of Chelator-Facilitated Metal Uptake
by A Halophyte and A Glycophyte. Environ Toxicol Chem. 2002;21:2698-2704.

Fletcher J. Introduction. In: Mackova M, Dowling DN, Macek T, editors. Phytoremediation and
Rhizoremediation. In: Hoffmann M, AnnéJ, series editors. Focus on Biotechnology. Dordrecht (The
Netherlands): Springer. 2006. ISBN 1-4020-4952-8.

Mahmood K, Malik KA, Lodhi MAK, Sheikh KK. Soil — Plant Relation- Ships in Saline Wastelands:
Vegetation, Soils, and Successional Changes, During Biological Amelioration. Environmental
Conservation. 1994;21:236-241.

Hollington PA, Hussain Z, Kahlown MA, Abdullah M. Success Stories in Saline Agriculture in Pakistan:
from Research to Production and Development. BAC Saline Agriculture Conference. March 19-21, 2001.
Ravindran KC, Venkatesa K, Balakrishnan V, Chellappan KP, Balasubramanian T. Restoration of Saline
Land by Halophytes for Indian Soils. Soil Biol Biochem. 2007;39:2661-2664.

Zahran MA, Abdel Wahid AA. Halophytes and Human Welfare. In: Sen DN, Rajpurohit KS (eds) Tasks for
Vegetation Science, vol 2. Contributions to the Ecology of Halophytes. Junk Publishers, The Hague, 1982;235-
257



https://www.researchgate.net/publication/226378117_Compartmentation_of_Cadmium_and_Iron_in_Mesembryanthemum_crystallinum_Plants_during_the_Adaptation_to_Cadmium_Stress
https://www.researchgate.net/publication/226378117_Compartmentation_of_Cadmium_and_Iron_in_Mesembryanthemum_crystallinum_Plants_during_the_Adaptation_to_Cadmium_Stress
https://www.researchgate.net/publication/226378117_Compartmentation_of_Cadmium_and_Iron_in_Mesembryanthemum_crystallinum_Plants_during_the_Adaptation_to_Cadmium_Stress
https://www.tandfonline.com/doi/abs/10.1080/07352689991309207
https://www.tandfonline.com/doi/abs/10.1080/07352689991309207
https://pubmed.ncbi.nlm.nih.gov/25262536/
https://pubmed.ncbi.nlm.nih.gov/25262536/
https://agris.fao.org/agris-search/search.do?recordID=US201300949419
https://agris.fao.org/agris-search/search.do?recordID=US201300949419
https://www.researchgate.net/publication/229538681_Distinct_responses_to_copper_stress_in_the_halophyte_Mesembryanthemum_crystallinum
https://www.researchgate.net/publication/229538681_Distinct_responses_to_copper_stress_in_the_halophyte_Mesembryanthemum_crystallinum
https://www.sciencedirect.com/science/article/abs/pii/S0098847208000841
https://www.sciencedirect.com/science/article/abs/pii/S0098847208000841
https://www.sciencedirect.com/science/article/abs/pii/S0168945201005179
https://www.sciencedirect.com/science/article/abs/pii/S0168945201005179
https://www.sciencedirect.com/science/article/abs/pii/S0168945201005179
https://www.sciencedirect.com/science/article/abs/pii/S0168945203000220
https://www.sciencedirect.com/science/article/abs/pii/S0168945203000220
https://pubmed.ncbi.nlm.nih.gov/16591764/
https://pubmed.ncbi.nlm.nih.gov/16591764/
https://agris.fao.org/agris-search/search.do?recordID=GB19950132831
https://agris.fao.org/agris-search/search.do?recordID=GB19950132831
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1988.tb05438.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1988.tb05438.x
https://hal.archives-ouvertes.fr/hal-01201356/document
https://hal.archives-ouvertes.fr/hal-01201356/document
https://hal.archives-ouvertes.fr/hal-01201356/document
https://pubmed.ncbi.nlm.nih.gov/12463567/
https://pubmed.ncbi.nlm.nih.gov/12463567/
https://www.researchgate.net/publication/242320341_Success_stories_in_saline_agriculture_in_Pakistan_from_research_to_produc-_tion_and_development
https://www.researchgate.net/publication/242320341_Success_stories_in_saline_agriculture_in_Pakistan_from_research_to_produc-_tion_and_development
https://www.sciencedirect.com/science/article/abs/pii/S003807170700079X
https://www.sciencedirect.com/science/article/abs/pii/S003807170700079X

	ABSTRACT

