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Abstract Sesuvium portulacastrum L. is a pioneer plant
species, used for sand-dune fixation, desalination and phy-
toremediation along coastal regions. The plant tolerates
abiotic constraints such as salinity, drought and toxic
metals. S. portulacastrum is also used as a vegetable,
fodder for domestic animals and as an ornamental plant.
S. portulacastrum grows luxuriantly at 100–400 mM NaCl
concentrations. It further grows at severe salinity of
1000 mM NaCl without any toxic symptoms on the
leaves. The plant also produces 20-hydroxyecdysone, an
insect molting hormone for use in sericulture industry.
This review analyses research undertaken during last two
to three decades in physiology, biochemistry, molecular
biology and biotechnology, to unravel the plasticity of
the plant tolerance mechanism. Physiological and biochem-
ical studies evidence the tolerance potential of the plant to

abiotic stresses and reveal molecular mechanisms of stress
tolerance. Biotechnological studies show the efficacy of
the plant to produce pharmaceuticals. Large-scale multipli-
cation of S. portulacastrum in the arid and semiarid
regions should reduce the load of saline salts and heavy
metals.
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1 Introduction

Salinity is one of the major abiotic constraints, manifesting as
osmotic stress at an early and ionic stress at later phases of
plant growth, consequently affecting plants’ survival mecha-
nisms at cellular, tissue and whole plant level (Hasegawa et al.
2000; Munns and Tester 2008). These osmotic and ionic
stresses affect the entire biology of a plant including growth,
morphological, anatomical, physiological, biochemical and
molecular features. It has been estimated that more than 800
million hectares of land considering 20 % of all cultivated and
nearly half of irrigated land throughout the world is affected
by salt (FAO 2008) and this accounts for more than 6 % of the
world’s total land area (Munns and Tester 2008). Experimen-
tally, soils are classified as saline when the electrical conduc-
tivity of the saturated paste extract is 4 dS m−1 or more, which
is equivalent to 40mMNaCl and generate an osmotic pressure
of approximately 0.2MPa. Plants differ greatly in their growth
response to saline conditions and are traditionally classified as
glycophytes or halophytes rendering to grow on saline envi-
ronments (Munns and Tester 2008). NaCl rich soil, which
actually inhibits survival of nearly 99 % of plant species
(glycophytes), is an optimal soil condition for halophytes to
survive and complete their life cycle (Flowers and Colmer
2008). These halophytic plant species are morphologically,
anatomically and physiologically well adapted to thrive and
flourish in soils with high salt concentrations (Flowers et al.
1977; Flowers and Colmer 2008, Lokhande and Suprasanna
2012). The use of saline ions as an inorganic osmoticum is an
economical trait attributed to these naturally salt-tolerant spe-
cies (Subbarao et al. 2001a). It has been theorised that salt

tolerance effectors and regulatory pathways in both halophytes
and glycophytes are alike but subtle variations in the regulation
of these pathways have contributed to their survival in saline
soils (Zhu 2001). Some halophytes consistently require a par-
ticular concentration of salt in the growth medium, (called as
‘obligate halophytes’ or ‘true mangroves’) whereas, apart from
their growth in highly saline environment, some halophytes
have capacity to grow on the soil devoid of salt or soil with
mild levels of NaCl (called as ‘facultative halophytes’ or
‘mangrove associates’). This presence or absence of substrate
in the form of salt offers benefit for facultative halophytes in
the competition with salt-sensitive plants (glycophytes).

Among the different halophytic species (Mesembryanthemum
crystallinum, Suaeda salsa, Thellungiella halophila, Atriplex
sps. etc.), Sesuvium portulacastrum L., commonly called
“Sea purslane”, is an important halophyte of the family
Aizoaceae. This plant has a distinct molecular and phys-
iological flexibility that enables it to adapt and survive
under various abiotic stress conditions (Venkatesalu et
al. 1994a, b; Messedi et al. 2004; Ghnaya et al. 2005,
2007a,b; Ramani et al. 2004a, b, c, 2006; Slama et al.
2006, 2007a, b, 2008; Rabhi et al. 2010a, b; Lokhande
et al. 2009a, b, 2010a, b, c, Lokhande et al. 2011a, b, c;
Moseki and Buru 2010; Zaier et al. 2010a, b). In the past
two decades, considerable research progress has been made to
highlight its importance and application in desalinisation,
phytoremediation and environmental protection. In this arti-
cle, we have presented an overview of the biology of Sesu-
vium, mechanisms of halophytic behaviour, different
metabolic cues for stress management and the plants’ potential
for environmental conservation and sustainable agriculture.

2 Morphology, habitat and distribution

S. portulacastrum (Fig. 1a) is a herbaceous, perennial,
psammophytic, dicotyledonous and facultative halophyte
belonging to family Aizoaceae (Lonard and Judd 1997;
Lokhande et al. 2009a) with somatic chromosome number
2n048 (Jena et al. 2003). The plant has various synonyms
as well as common names according to its distribution
among different parts of the world (Lonard and Judd 1997;
Hammer 2001; Lokhande et al. 2009a). Plant possess tap
root system, however, creeping nature produces adventitious
roots from the nodal region. Shoots are trailing or sub-teret
glabrous herb erect, succulent and greenish pink or red in
colour and are diffusely branched with oppositely arranged
simple, succulent leaves containing paracyctic stomata
(Joshi and Bhosale 1981). The plant produces commonly
pink to purple and very rarely white flowers and bloom
throughout the year (Fig. 1b, c). It produces circumscissile
fruits (capsule) enclosing small stalked black, smooth and
lustrous seeds (Fig. 1d) and each fruit produced 50 or more
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seeds per capsule (Lonard and Judd 1997; Lokhande et al.
2009a). Variation in temperature, light fluctuation and salin-
ity (Martinez et al. 1992) causes poor seed germination,
hence vegetative method through stem cutting is a preferred
mode of propagation.

Sesuvium usually grows in wet sandy locations such as
beaches, mangroves, dunes, salt flats and marshes. It is seen
to inhabit areas with annual rainfall as little as 50 to 150 cm
and can remain green in areas with long dry seasons and in
habitats subjected to salt spray. S. portulacastrum grows on
the coastlines of five continents and is widely distributed as
a pioneer strand species on tropical and sub-tropical shores
extended from the equator about 34° north latitude and 42°
south latitude (Lonard and Judd 1997). It grows naturally in
the sub-tropical, Mediterranean, coastal and warmer areas
around the world (Ramani et al. 2006).

3 Stress tolerance

3.1 Growth and halosucculence

Under abiotic stresses (salt, drought and heavy metal), Sesu-
vium exhibits various adaptations through morphological
and anatomical growth, water use efficiency, physiological
and biochemical changes. The growth observed in terms of
length, fresh and dry weight of root and shoots, root/shoot
ratio, number of leaves and leaf area is found to significantly
decrease under higher salt, drought and heavy metal expo-
sure, alone or in combinations (Venkatesalu and Chellapan
1993a, b; Venkatesalu et al. 1994a, b; Messedi et al. 2004;
Ghnaya et al. 2005, 2007a, b; Ramani et al. 2004a, b, c;
Nouairi et al. 2006; Slama et al. 2006, 2007a, b; Slama et al.
2008; Lokhande et al. 2010a, b, c; Lokhande et al. 2011a, b;
Moseki and Buru 2010). However, improved growth of
Sesuvium under lower concentrations of salt alone or in
combination with drought and favourable concentrations
of heavy metal has been correlated with increased

succulence, modulated water potential, optimum levels of
mineral ion accumulation along with the physiological and
biochemical (osmotic adjustment through osmolytes synthe-
sis, activities of enzymatic and non-enzymatic antioxidants)
changes. Furthermore, it has been observed that upon re-
moval of long-term or short-term stress, substantial recovery
is observed in most of the parameters related to growth,
development, hydric status and nutrition (Slama et al.
2006, 2007a, b, 2008). Thus Sesuvium may be conserving
growth potential and nutrition acquisition during stress pe-
riod as an outcome of decreased water potential and in-
creased water-use efficiency (Slama et al. 2006).

The succulent halophytes unlike glycophytes tend to accu-
mulate Na+ in the vacuoles to higher levels than in the cyto-
plasm (Yeo and Flowers 1986). S. portulacastrum, being a
facultative halophyte and ‘salt accumulator’, growswell under
severe salinity (100–400 mM NaCl) and low nutrient avail-
ability. The emerging data on adaptability of the plant exposed
to various abiotic factors reveal that S. portulacastrum main-
tains its growth by sequestration of saline ions and heavy
metals into the vacuoles to maintain the osmotic balance
between vacuole and cytoplasm (Venkatesalu and Chellapan
1993a, b; Messedi et al. 2004; Ghnaya et al. 2005, 2007a,b;
Ramani et al. 2004a, b, c, 2006; Slama et al. 2007a, b, 2008;
Lokhande et al. 2010a, b, c, 2011a, b; Moseki and Buru 2010).

Within a range of salt concentrations optimal for growth,
the sequestration of saline ions into the vacuoles results in
increased succulence of the plant’s vegetative parts which is
a common characteristic of the halophytes (commonly
called as halosucculence) (Short and Colmer 1999). Succu-
lence minimises the toxic effect of excessive ion accumula-
tion and is associated with accretion of osmotically active
solutes for maintenance of cell turgor pressure (Luttge and
Smith 1984). It has been observed that the growth character-
istics of Sesuvium were improved upon exposure to opti-
mum NaCl concentrations (100 to 400 mM) under in vitro
and an increase in growth rate and halosucculence status
(200 mM of NaCl) under ex vitro conditions (Lokhande et

Fig. 1 Morphology of S.
portulacastrum showing plants
with pink- and white-coloured
flowers and seeds (Lokhande et
al. 2009a, b)
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al. 2010a, b, 2011a; Rabhi et al. 2010a, b; Moseki and Buru
2010) (Figs. 2 and 3). Sesuvium can optimally uptake saline
ions and carbon resources from the medium and allocate it
to different parts of the plant resulting in increase succulence
subsequently improving the growth, biomass and net pho-
tosynthesis rate of the plant (Venkatesalu and Chellapan
1993a, b; Messedi et al. 2004; Ghnaya et al. 2005, Ghnaya
et al. 2007a,b; Slama et al. 2006, 2007a, b, 2008; Rabhi et
al. 2010a, b; Moseki and Buru 2010). Net CO2 assimilation
rate increased under salinity up to 3 weeks of treatment (200
and 400 mM NaCl) then decreased to reach the value of 0-
mM-treated plants whereas stomatal conductance and inter-
cellular CO2 concentration displayed the opposite trend
(Rabhi et al. 2010a,b). Rationale for succulence characteristic
of Sesuvium is (1) increased succulence having a ‘diluting’
effect on the ion content of cells which might otherwise rise to
toxic levels, and (2) as Na+ ions acts as a specific stimulant of
growth—it may be contributing to reduce turgor pressure
component of the water potential of the cell (Jennings 1968).
The property of halosucculence may aid Sesuvium to adapt to

various environmental stresses. It can be postulated that the
absorbed Na+ ions may be acting as signaling molecules to
initiate signal transduction cascade for salt-adaptation mecha-
nism as observed in the halophyteM. crystallinum exposed to
200 mM NaCl (Yang and Yen 2002), however, this postula-
tion requires validation in case of Sesuvium. In a recent study,
Wang et al. (2012) demonstrated that salt-treated plants accu-
mulated large amounts of Na+ in both leaf and stem, and there
was a greater shoot growth in presence of external Na+ com-
pared to K+ and Cl−. Na+ was found more effective than K+

and Cl− in cell expansion, leaf succulence and shoot develop-
ment plants suppliedwith 200mM.A generalised mechanistic
viewpoint on the salinity stress responses in the plant and
biochemical attributes of S. portulacastrum exposed to 250
and 1,000 mM NaCl stress is presented in Fig. 4.

3.2 Photosynthesis

Plants need to economise photosynthetic efficiency to cope
with abiotic stresses. Reduced stomatal conductance and
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diminished transpiration with improved water use efficiency
helps in maintenance of saline ions at sub-toxic level in
leaves by decreasing the rate of salt loading into the leaves
(Koyro et al. 2006; Liao and Guizhu 2007). An enhanced
photosynthetic rate has been observed at 200–900 mM NaCl
in both whole leaves and mechanically isolated intact me-
sophyll cells with maximum photosynthetic rate at 600 mM
NaCl (Venkatesalu and Chellappan 1993a). Besides, the
increased activity of the whole chain electron transport and
photosystem I and II has been observed in isolated chlor-
oplasts at 100–600 mM NaCl which was lowered at 600–
900 mM NaCl (Venkatesalu and Chellappan 1993b). Rabhi
et al. (2010a) demonstrated the photosynthetic potential of
Sesuvium under control (0 mM), moderate (200 mM) and
high (400 mM) salinity stress conditions and showed that
growth of the plant improved significantly under salinity
stress through increased CO2 assimilation rate and en-
hanced activities of photosynthetic pigments (total caro-
tenoids, β-carotene, xanthophylls, lutein, neoxanthin and
violaxanthin) under salt stress in comparison to non-
saline conditions. Under saline conditions, plants may
have a decreased stomatal conductance to avoid water
losses and to minimise Na+ ions uptake. Consequently, a
marked generalised improvement in pigment level and no

noticeable alterations in thylakoid proteins at 200 mM
NaCl suggest an increase in the number of photosystems;
however, at 400 mM NaCl, the rearrangement of photo-
system composition indicated adaptation to the adverse
environmental conditions (Rabhi et al. 2010a).

There has also been ambiguity on the behaviour of
photosynthetic pathway of Sesuvium in response to abi-
otic stresses. According to carbon isotope ratio, Sesuvium
is categorised as C3 plant (Luettge et al. 1989), while the
nitrate reductase activity showed its range between C3

and C4 glycophytes (Bhosale and Shinde 1983a). Despite
having aspartate and alanine as the two major products
of CO2 fixation, the higher activity of phosphoenol py-
ruvate carboxylase enzyme than that of ribulose 1, 5-
biphosphate carboxylase, presence of pyruvate phosphate
dikinase enzyme and low activity of NAD-mallic enzyme
and NADH-malate dehydrogenase enzymes studies could
not classify Sesuvium in the group of C4 plants (Bhosale
and Shinde 1983b). The malate concentration ranged
between 50 mM (untreated plant) and 150 mM
(856 mM NaCl) with an astonishing increase during light
period suggest Sesuvium as a potential C4 plant with Na+

functioning as counter ion to store malate in the vacuoles
(Ramani et al. 2006).
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3.3 Ion transport and osmolytes accumulation

3.3.1 Mineral ion transport

Among the mineral ions, Na+ ion appears to be the foremost
ion and a cheap source of osmoticum to maintain the os-
motic balance under abiotic stresses. However, K+ plays a
major role in the biochemical and physiological processes in
plants. Under typical physiological conditions, plant cells
require high K+ (100–200 mM) and low Na+ (less than
1.0 mM) and accordingly the high cytosolic K+/Na+ ratio
to maintain the osmotic balance (Tester and Davenport
2003) for proper functioning of the cell. Na+ competes with
K+ for intracellular influx as membrane channels transport
these cations (Hasegawa et al. 2000; Song et al. 2008). To
maintain a high K+/Na+ ratio in the cytosol, plant cells
employ primary active transport, mediated by channels and
co-transporters for Na+ extrusion and/or the intracellular
compartmentalisation of Na+ in to the vacuole (Blumwald

2000). However, under high salt stress, ion ratios are altered
by the uncontrolled influx of Na+ through K+ pathways. Na+

ion accumulation and its sequestration into the vacuole
consequently restrict the K+ uptake by roots therefore de-
creasing K+ level in the shoots. Though the levels of K+

content were lower in the shoots, Sesuvium can tolerate salt
stress at the cost of high potassium use efficiency (KUE)
(Messedi et al. 2004; Slama et al. 2008). Besides, biomass
analysis showed that the ratio of K+/Na+ was found higher
in the roots compared to the shoots and after a certain level
of Na+ ion accumulation, the roots of this plant may start
excluding salt from the roots (Daoud et al. 2001). The
presence of electrogenic component in the roots of the plant
has also been elucidated but in what way it contributes to the
tolerance remains unanswered (Moseki 2007).

Excess accumulation of minerals and salts contribute to
increased ash content in S. portulacastrum which was found
to be higher in the shoots than the roots and increased with
increase in salinity (Daoud et al. 2001). The accumulation of

Fig. 4 Ageneralised scheme for salinity stress responses and biochemical
attributes of S. portulacastrum exposed to 250 and 1,000 mMNaCl stress
(Lokhande et al. 2011c). a In response to salinity stress, the excess entry of
toxic Na+ ion disturbs the osmotic balance of the plant cell and induces
oxidative damage (1). Simultaneously, salinity imposes water stress and
therefore stimulates the stomatal closure, hampers photosynthetic machin-
ery due to altered CO2/O2 ratio (2). This leads to over-reduction of electron
transport chain as a response to decreasedNADP/NADPH ratio and in turn
to increased generation of reactive oxygen species, which necessitates the
increase of enzymatic (SOD, CAT, APX etc.) and non-enzymatic (ascor-
bate, ASC and glutathione, GSH) antioxidants (3). Plants cells also con-
tinue to sequester the Na+ ions into the vacuoles as well as to synthesise
compatible organic osmolytes (proline, glycine betaine, soluble sugars
etc.) (4); however, this process utilises excess amount of energy in the
form of ATP, thus affecting the ATP/ADP ratio (5). The cumulative
responses of the cell lead to change in the growth in response to salt stress
(6); b depicts the responses of halophytic plant S. portulacastrum to

variable concentrations of NaCl (250 and 1,000 mM). The arrows in the
panel viz., down (down arrow), up (up arrow) and equal (double-side
arrow) indicate the negative, favourable and balanced biochemical
responses. Thickness of the arrow indicates the extent of change. At
250 mM NaCl: water status was maintained, NADP/NADPH ratio dem-
onstrated a lower decline, no significant induction occurred in oxidative
stress parameters, preferential sequestration of Na+ ions occurred, while
proline synthesis was not significantly affected, leading to a lower decline
in ATP/ADP ratio, antioxidant enzyme activities and the ratio of GSH/
GSSG showed significant increases and the ratio of ASC/DHA remained
at par to control; ultimately the growth was parallel to control. In contrast,
at 1,000 mM NaCl, water status was negatively affected, NADP/NADPH
ratio declined significantly, oxidative stress parameters showed significant
increase, highNa+ accumulation in addition to stimulated proline synthesis
causing significant decline in ATP/ADP ratio, antioxidant enzyme activi-
ties and the ratio of ASC/DHA increased but the ratio of GSH/GSSG
declined; ultimately resulting in hampered growth

334 P. Suprasanna et al.



Na+ ions in leaves was reported to be four times higher than
in the roots regardless of salt and water-deficit stress (Slama
et al. 2006, 2007a, b). While Na+ contributes to 18 % of dry
weight to equilibrate its concentration, Cl− ions contribute
10–15 % of dry weight in leaves and 10–12 % in the stem
(Joshi and Bhosale 1981). It has also been observed that
oxalate synthesis stimulated more accumulation of Na+ than
Cl− ions (Luettge et al. 1989) to maintain the osmotic
balance of the cell. Besides the accumulation of Cl− ions,
the other negatively charged ions like nitrate (NO3

−), sul-
phate (SO4

−) and phosphate (PO4
−) based on the pH were

found to act as counter ions to balance the accumulation of
Na+ ions (Ramani et al. 2006).

Proteins along with organic acids and amino acids may
help to prevent Na+ ion toxicity in the vacuole by binding
and neutralising charged ions (Ramani et al. 2006). Thus, it
is an indirect salt effect (e.g. restriction of K+ and nitrogen
uptake) rather than direct (high Na+ and Cl− accumulation in
tissues) that inhibit the growth of the plant in excess salt
environment (Messedi et al. 2004). Calcium (Ca2+) and
magnesium (Mg2+) were also found to accumulate in con-
siderable amounts in response to salt stress (Venkatesalu et
al. 1994a). The increased uptake of Ca2+ up to 100 mM
NaCl followed by no change in its uptake at high concen-
tration of salt revealed characteristic feature of Sesuvium to
avoid inhibition of growth due to high Ca2+ levels as seen in
other halophytes (Joshi and Bhosale 1981) and also sug-
gested that NaCl does not hinder Ca2+ uptake (Messedi et al.
2004). Additionally, a study on calcium signaling and its
associated pathways may help understand the role of Ca2+ in
Sesuvium under salt stress. Though Mg2+ content was found
less than that of K+, the former showed higher concentration
in the stem than the leaves, indicating the ion to be partially
restrained in the stem and not further transported to the
leaves (Joshi and Bhosale 1981). Further, the accumulation
of copper, iron, manganese and zinc has also been reported
in response to salt stress up to 600 mM NaCl, however the
accumulation was found to be decreased at elevated levels
of salt (Venkatesalu et al. 1994a).

3.3.2 Osmolytes accumulation

Osmotic adjustment under salt stress is an adaptation mecha-
nism operated by both halophytes and glycophytes in order to
maintain their water balance (Flowers and Colmer 2008).
Besides the accumulation of inorganic ions and its sequestra-
tion in the vacuole, the osmotic balance between vacuole and
cytoplasm in response to salt stress is through the synthesis of
organic solutes to retain the stability of the proteins in cells in
response to fall in the water potential of the environment
(Zhang et al. 1999). Plants synthesise a variety of organic
solutes such as proline, glycine betaine, soluble sugars, poly-
amines etc., which are collectively called as osmolytes or

compatible solutes. These are accumulated to high concen-
trations within cells without disturbing intracellular biochem-
istry and cellular functions (Bohnert and Jensen 1996;
Cushman 2001). They protect sub-cellular structures, mitigate
oxidative damage caused by free radicals (Attipali et al. 2004)
and maintain the enzyme activities under salt stress (Yokoi et
al. 2002). The osmolytes accumulation is frequently reported
in plants including halophytes exposed to salt stress and has
been correlated with a plant’s capacity to tolerate and adapt to
salinity conditions (Errabii et al. 2007; Slama et al. 2008).
However, synthesis of these osmolytes is an energy-
dependent process which consumes large number of ATP
molecules (Raven 1985), thus affecting the growth.

Plants from the Aizoaceae family accumulate large quan-
tities of proline, an amino acid that often contributes to
osmoprotection, when exposed to osmotic stress (Delauney
and Verma 1993; Deuschle et al. 2001). Accumulation of
proline under various abiotic stresses in Sesuvium indicate
that proline plays a key role in osmoregulation to retain its
growth potentialities in saline, water-deficit and heavy metal
stress conditions (Venkatesalu et al. 1994a, b; Ghnaya et al.
2005, 2007a,b; Slama et al. 2006, 2007a, b, 2008; Lokhande
et al. 2010a, b, c, 2011a, b; Moseki and Buru 2010). When
compared to other plants, S. portulacastrum appeared as a
high proline accumulator, with proline levels reaching
300 μmol g−1 leaf dry matter (Slama et al. 2006).

Besides proline, higher salinity also causes increased accu-
mulation of glycine betaine (Venkatesalu et al. 1994a, b;
Lokhande et al. 2010b, c) (Fig. 5a). The accumulation of
glycine betaine was assumed to have positive functions in
relation to maintenance of membrane integrity and stability
of other cellular structures under salt and drought stress con-
ditions (Wang and Showalter 2004; Martinez et al. 2005). It is
widely believed that synthesis and accumulation of glycine
betaine protects cytoplasm from ion toxicity, dehydration and
temperature stress (Rhodes and Hanson 1993; Subbarao et al.
2001b). In addition, glycine betaine aids in normal functioning
of the metabolic machineries in the cell during stress condi-
tions by stabilising macromolecule structures, protecting chlo-
roplast and photosynthesis system II (PS II) by stabilising the
association of the extrinsic PS II complex proteins and indi-
rectly interacting with phosphatidylcholine moieties of mem-
branes to alter their thermodynamic properties (Subbarao et al.
2001b; Ashraf and Harris 2004) to maintain the membrane
integrity during stress. The accumulation of glycine betaine
under salinity stress for adaptation in Sesuvium has been well
documented, though mechanism of its production and control
is yet to be studied. The phytoconstituents trans-4-hydroxy-
prolinebetaine and 3, 5, 4-trihydroxy-6, 7-dimethoxyflavone
3-glucoside found in Sesuvium have also been thought to have
role in osmotic tuning (Adrian-Romero et al. 1998).

Despite involvement of proline and glycine betaine in
osmotic adjustment, complete osmotic balance between the
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vacuole and cytoplasm requires accumulation of organic
compounds such as soluble sugars (Pagter et al. 2009).
The total soluble sugar content was observed to increase
with NaCl concentration up to 200 mM with a marginal
decrease thereafter (Venkatesalu et al. 1994a; Slama et al.
2007a, b; Lokhande et al. 2010b, c, 2011a) (Fig. 5b). It is
imperative to understand the relationship between the quan-
tity of total soluble sugars and salinity as this will aid in
understanding whether this change in content of sugars is
due to (1) stress-induced modifications of photosynthesis,
(2) activation of sucrose–phosphate–synthase activity by
osmotic stress (Toroser and Huber 1997) or (3) yet to be
elucidated role of sugars in salinity stress..

3.4 Tolerance to oxidative stress

Oxidative stress is a secondary manifestation of stress prob-
ably due to inhibition of PS II (Blumwald et al. 2004)
affecting the photosynthetic capacity. An apparent cause
for decrease in photosynthetic capacity may be due to a
decrease in CO2/O2 ratio correlated with closure of stomata

at peak irradiance increasing the probability of electron
transfer from chlorophyll-a in its triplet state to molecular
oxygen (O2) leading to an increase in generation of reactive
oxygen species (ROS) (Ramani et al. 2006). The oxidative
stress is counteracted by antioxidant activities of higher
concentrations of polyphenols. However, the 2,2-diphenyl-
1,1-picrylhydrazyl free radical scavenging assay against α-
tocopherol method for polyphenols suggested that the anti-
oxidant activities of polyphenols were not found very potent
in S. portulacastrum (Agoramoorthy et al. 2008) and there
might be another scavenging system for detoxification of
free radicals to reduce the oxidative stress. It is possible that
proline may be contributing to the active non-enzymatic
antioxidant system for an efficient scavenging of ROS, as
findings of proline as a reducing agent for oxidative stress
induced by osmotic stress have been reported (Hong et al.
2000). A conspicuous decrease in proline has been observed
during summer (Joshi and Bhosale 1981) when the plant
suffers from both types of abiotic stresses concomitantly
increasing oxidative stress. There might also be a possibility
of glutathione–ascorbic acid (GSH-ASC) system existing to
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combat oxidative stress, which was based on the presence of
high levels of glutamic acid in the stem during summer
(Joshi and Bhosale 1981). Furthermore, the osmolytes (pro-
line and glycine betaine) accumulation also has been sug-
gested to have a role in detoxification of reactive oxygen
species (Ashraf and Harris 2004; Szabados and Savoure
2009). The presence of flavonoids and polyphenols in
Sesuvium has also been suggested for their role in pro-
tection from UV stress and pathogen attack (Heldt 2005;
Agoramoorthy et al. 2008).

Another facet of oxidative stress tolerance mechanism
is through the activation of efficient enzymatic antioxi-
dant systems such as catalase (CAT), ascorbate peroxi-
dase (APX), superoxide dismutase (SOD), guaicol
peroxidase etc., which regulate the levels of ROS, main-
tain the signaling of ROS and thus protect the plant from
the oxidative damage. Understanding key components of
enzymatic antioxidant machinery involved in scavenging
ROS and maintenance of higher redox state of the Sesu-
vium at various levels of tissue organisation need to be
addressed.

3.5 Redox homeostasis and energetic status

The increasing data on the mechanism of salinity toler-
ance in halophytes has suggested the coordinated action
of number of physiological, biochemical and molecular
processes occurring in plants to combat the stress condi-
tion and to maintain the homeostasis. The ratios of
NADPH/NADP+, NADH/NAD+ and adenosine 5′-triphos-
phate/adenosine 5′-diphosphate (ATP/ADP) increased in
the drought-stressed plants, suggesting that an up-
regulation of the reduced redox state and the energy
supply in the plant cells might be important strategy for
plants responding to drought stress (Chen et al. 2004).
However, there is no information available on the main-
tenance of redox balance and energetic status of halo-
phytes, which supposedly are the key regulators of their
adaptation and survival under high salt stress conditions.
Recently, Lokhande et al. (2011c) demonstrated that reg-
ulation of various enzymatic and non-enzymatic antiox-
idants and redox couples are key players in maintenance
of redox state in salt-stress-tolerant Sesuvium. Experimen-
tal evidence show that plants exposed to 250 mM NaCl
demonstrated regulated growth through preferential accu-
mulation of sodium ions (Na+) over proline, and main-
tained the ratios of NADP/NADPH and ATP/ADP at par
to control. Increased antioxidant enzyme activities and
the ratio of reduced/oxidised glutathione (GSH/GSSG)
and reduced to oxidised ascorbate ratio (ASC/DHA) fur-
ther helped to reduce the oxidative stress. However,
plants subjected to 1000 mM NaCl revealed adverse
effects on the growth due to uncontrolled decline in the

ratios of NADP/NADPH and ATP/ADP and energy-
consuming metabolite synthesis (i.e. proline) irrespective
of increased enzyme activities as compared to control.
This was the first evidence that demonstrated a mechanistic
insight of the effect of high salt concentration on the energetic
and redox status of a halophyte which affects its growth
parameters (Fig. 6).

3.6 Other mechanisms of stress tolerance

3.6.1 Role of ATPases

The main tenet of salinity stress is to avoid cytosolic salt
toxicity, which requires energy requiring for an efficient work-
ing of ATPase machinery. Physiological adaptation to salt
stress existing in roots to reduce the transport of toxic ions
to leaves is a plausible explanation for the lack of difference in
the plasma membrane H+-ATPase activity in control and salt-
stressed plants and also in the vacuolar ATPase activity in the
vacuoles and F-ATPase activity in the chloroplast and mito-
chondria (Ramani et al. 2006). Such an unchanged status in
enzymatic activities is difficult to explain but it is assumed that
increased sulpholipid content may help plant to stabilise the
thylakoid protein complexes showing no change in F-ATPase
functioning (Minoda et al. 2003). Additionally, the ability of
the plant to exchange vacuolar K+ with cytoplasmic Na+

(Slama et al. 2008) may further explain the lack of effect of
stress on V-ATPase activity. Other plausible explanation for
lack of V-ATPase activity may be that Sesuvium being succu-
lent halophyte having a large vacuole uses saline ions as cheap
osmolytes to maintain osmotic balance in the cell thus avoid-
ing over-consumption of energy or diversion of energy for
other activities (Ramani et al. 2006).

Subsequent to salt stress, halophytes have the potential to
adjust P-type ATPase activity to the control rate within
8 days (Huchzermeyer1 et al. 2004). Salt-tolerant plants also
possess active tonoplast Na+/H+ antiporter proteins confer-
ring salt tolerance (Binzel and Ratajczak 2002), however,
the presence of this protein in Sesuvium is yet to be eluci-
dated. Studies on ATPases and antiporter protein under
salinity stress are yet to be demonstrated to provide clues
and insight into the tolerance mechanism.

3.6.2 Sulphur metabolism

Apart from the sequestration and synthesis of osmolytes for
the maintenance of osmotic balance between cytoplasm and
vacuole, Sesuvium shows good adaptation and management
under extreme environmental conditions through modified
nutrient metabolism. Salt stress management is an energy-
demanding process which requires high amount of ATP
production and its utilisation to maintain the osmotic bal-
ance, and it has been observed that sulpholipids play a vital
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role for ATP formation within chloroplast membranes and
stabilisation of the photosystems (Krupa and Bazynski
1977). Significantly, the higher content of sulpholipids and
sulphoquinovosyldiacylglycerol (SQDG) containing pre-
dominantly the palmitic acid, γ-linolenic acid and trace
amounts of linoleic acid in the salt-stressed shoots of Sesu-
vium revealed their active participation in salt stress toler-
ance (Ramani et al. 2004a, b). This sulpholipid is localised
in the thylakoid membranes and is known to be stabilising

protein complexes in the chloroplast membranes such as
photosystem II (Minoda et al. 2003). Further, it has been
observed that the unsaturation of SQDG varied with a
change in duration and amount of salt stress (Ramani et al.
2004a, b). The unsaturated fatty acids in membrane lipids
enhance the tolerance of photosystem II to salt stress, and
hence this could contribute to improved salt stress tolerance.
Whether such a mechanism is operative in Sesuvium requires
further investigation.
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3.6.3 Amino acids and fatty acids metabolism

High salinity leads to disturbance in nitrogen metabolism
consequently affecting protein synthesis leading to accu-
mulation of free amino acids (Strogonov 1973). Interest-
ingly, the amino acid levels in Sesuvium plants exposed
to salt stress declined significantly with increasing NaCl
concentrations; however, with increase in the duration of
salt stress exposure, the levels of amino acid and protein
was found to have increased (Venkatesalu et al. 1994b).
The levels of proline, aspartic acid, glutamic acid, ala-
nine, serine and glycine were found higher as compared
to other amino acids in the succulent stem and leaves of
S. portulacastrum (Joshi and Bhosale 1981). Noticeable
seasonal variations have also been observed in the amino
acid pool of different plant parts wherein the total quan-
tity of amino acids decreased in the leaves in summer
and the reverse was found true in the stem. A conspic-
uous decrease in proline as against the increased concen-
trations of aspartic acid, glutamic acid, alanine, valine
and leucine has been reported in summer season (Joshi
and Bhosale 1981). However, it is difficult to explain the
seasonal influence on proline content because Venkatesalu et
al. (1994b) and Slama et al. (2008) have reported that S.
portulacastrum under salt stress alone or in combinations with
water-deficit stress accumulated higher levels of proline and
contributed to osmotic tuning. Further, a confirmatory link has
been observed between maintenance of growth, tissue hydra-
tion and proline accumulation in leaves during osmotic stress
(Slama et al. 2007b).

Proline has been reported to protect quaternary structures
of protein from denaturing, stabilise cell membrane by in-
teraction with phospholipids, act as antioxidants and may
serve as an energy and nitrogen source (Sen et al. 2001;
Slama et al. 2007a). Proline is synthesised through gluta-
mate or ornithine and in Sesuvium, it has been established
that under water-deficit stress an increased ornithine-
aminotransferase activity plays a role in proline synthesis,
while reduced proline dehydrogenase activity contributes to
protein catabolism (Slama et al. 2006). It will be intriguing
to study the ornithine and glutamate pathways contributing
to proline accumulation and synthesis to deal with osmotic
adjustment. This physiological adaptation to survive and
avoid osmotic death may be attributed to increased
pyrroline-5-carboxylate reductase activity which is involved
in proline synthesis (Treichel 1986), or restriction of incor-
poration of this amino acid into protein, or an inhibition of
its transformation into glutamate and arginine (Joshi and
Bhosale 1981), or salt-induced inhibition of pyrroline-5-
carboxylate dehydrogenase (Huber 1974) or removal of
feedback inhibition of enzyme involved in protein biosyn-
thesis like Δ1-pyrroline-5-carboxylate synthetase (Hong et
al. 2000). Further studies are warranted to characterise the

metabolome and metabolic agility of this plant under os-
motic and ionic stress conditions. Besides amino acids, the
fatty acid profile showed accumulation of myristic, palmitic,
stearic, oleic, linoleic and linolenic acids as key fatty acids
and campesterol, stigmasterol and sitosterol as major sterols
in the leaves.

3.7 Tolerance to heavy metals

Sesuvium has shown tolerance against a variety of toxic
heavy metals (Table 1). In general, cadmium (Cd2+) accu-
mulation in the vegetative parts of the plant induces chloro-
sis, necrosis and growth inhibition; however, experimental
evidence demonstrated a higher accumulation of Cd2+ in
roots as compared to shoots of Sesuvium and further sug-
gested the plant as a hyper-accumulator based on the con-
centrations detected in the shoots (Ghnaya et al. 2007b).
Besides, the growth characteristics of the Sesuvium exposed
to Cd2+ were found to be improved in combination with
NaCl in comparison to Cd2+ alone, wherein growth inhibi-
tion was recorded and was correlated with the disturbance in
Ca+ nutrition (Ghnaya et al. 2007b). This may be ascribed to
“competition theory between the two cations (Ca2+ and Cd2+)
during influx” as seen in Arabidopsis (Ghnaya et al. 2007a).
The apoplastic uptake is relatively non-selective between
divalent cations which mean that toxic substances such as
Cd2+ also may pass into the plant (White and Broadley
2003). Therefore, studies are required to investigate whether
increase in concentration of Ca2+ in culture medium contain-
ing Cd2+ or Cd2+-polluted saline soil would enhance the
growth ability of the plant and Cd2+ phyto-extraction capacity
of the plant. Furthermore, the circuitous effect of Cd2+ on K+

uptake probably due to “complexing ATP and reduction of
energy availability” (Aspe et al. 1994) may explain the re-
duced absorption and translocation of K+- in Cd2+-stressed
plants. The increase in KUE, ability of Na+ to replace K+ for a
specific functions with no adverse effect on growth in pres-
ence of NaCl and Cd2+ suggests that K+ does not act as a
limiting nutrient for growth in Cd2+-stressed plants (Ghnaya et
al. 2007a,b). Similarly, restriction on N uptake does not hinder
growth in such stressed plants (Ghnaya et al. 2007a,b). It has
been observed that NaCl alleviated the toxic effect of Cd2+-
stressed plants and retained growth by enhancing Cd2+ trans-
portation whichmay be attributed to “uptake and translocation
of both complexed forms (CdCl and CdCl2) and increased
availability of inorganic (Cl−) and organic (oxalate) anions for
Cd2+ complexation and transport” (Ghnaya et al. 2007a).
Further, the authors ascribed the lower content of Cd2+ in
the plants exposed to NaCl in combination with Cd2+ (as
compared to Cd2+ alone) due to “biological dilution of Cd2+

by growth” and change in translocation factor which increases
with increase in NaCl concentration in medium, with the
highest translocation factor at 400 mM NaCl.
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The Sesuvium leaves under Cd2+ stress showed un-
changed fatty acid composition of total membrane lipids
which was plausibly accredited to efficient antioxidant sys-
tem against metal-induced oxidative stress (Nouairi et al.
2006). The exact physiological adaptation to metal stress
and fate of accumulated Cd2+ in Sesuvium whether it is sub-
cellular localised or sequestered by metallothionine or phy-
tochelatin or proline is yet be elucidated. The ability of this
plant to take up uranium, strontium, cesium and europium
from their aqueous solutions with its maximum uptake in
roots followed by stem and leaves makes Sesuvium a poten-
tial bioremediation plant (Thulasidas et al. 1999).

Zaier et al. (2010a) compared lead (Pb2+) accumulation
and redistribution ability between Sesuvium and Brassica
juncea and found that unlike Brassica, Sesuvium’s nutrient
uptake was not affected in presence of 1,000 μM Pb2+ and
additionally the latter species could accumulate 3,400 μg g−1

DW of Pb2+ in shoots. Therefore, suggesting S. portulacas-
trum as an efficient Pb2+ extractor. Studies by Zaier et al.
(2010b) revealed presence of phytochelatin 3 (PC3) as the
bioligand responsible for metal binding and detoxification of
lead thus suggesting the application of Sesuvium and Brassica
for phytoremediation of lead.

Recent studies by Lokhande et al. (2011b) showed no or
slight changes in metabolites (total non-protein thiols and
cysteine) and enzymes (serine acetyltransferase, cysteine syn-
thase and γ-glutamylcysteine synthetase) of thiol metabolism

during exposure of Sesuvium to arsenic (As) suggesting its
ability to tolerate high As concentrations (Fig. 7). Additionally,
based on total As accumulation, bioaccumulation factor and
known biomass production capacities, Sesuvium like other As
hyper-accumulator plants can be used as potential candidates
for application in arsenic removal and land re-vegetation/rec-
lamation projects in the As-contaminated sites of the world.

In general, to cope with toxic heavy metals, plants acti-
vate the sulphur assimilation pathway by increasing tran-
scription of related genes to provide an enhanced supply of
glutathione for phytochelatin biosynthesis (Harada et al.
2002). A similar generalisation may be proposed for Sesu-
vium to understand the response of sulphur assimilation
pathway enzymes in phytoremediation.

4 Molecular studies

Plant adaptation to environmental stresses is controlled by
cascades of molecular networks. In this regard, the applica-
tion of genomic technologies has made more impact on
understanding the plant responses to the abiotic stresses
(Cushman 2003). On the genomics front, early efforts have
been made to construct cDNA libraries of S. portulacastrum
to enable identification of salt tolerance genes (Zeng et al.
2006). This study revealed a full-length gene in clone P152
with a predicted 344 amino acid residues having a late

Table 1 Effects of heavy metal/toxic compounds on the growth or accumulation in Sesuvium portulacastrum

Heavy metal/toxic
compound

Nutrient medium (NaCl
and heavy metal)

Response Reference

Cadmium (Cd2+) NaCl (100 mM) and CdCl2
(0, 50, 100, 200 and 300 mM)

Cd2+ accumulation was significantly higher in the
roots than in the shoots (350–700 mg g−1 dry matter)

Ghnaya et al. 2005

Cd2+ (100 μM) K and Ca uptake was impaired in roots exposed to Cd2+

whereas N uptake was not affected. Cd2+ limits growth
of both halophytes through restriction imposed on Ca2+

uptake. Increased Ca2+ availability in the soil will help
to improve the growth of the plants and for extraction
of Cd2+ from contaminated soils

Ghnaya et al. 2007a

50 or 100 μM Cd2+ alone or
combined with 100 or 400
mM NaCl

Cd2+ treatments induced chlorosis, necrosis, inhibited plant
growth and reduced K+ and Ca2+ uptake and transport to
the shoots. Addition of NaCl to Cd2+ containing medium
restored the growth and enhances the amount of Cd2+

accumulation in the shoots

Ghnaya et al. 2007b

Cd2+ (0, 50, 100 and 200 μM)
for 30 days

Significant reduction in the contents of total lipids (TL) and
lipid fractions including galactolipids (GL), phospholipids
(PL) and neutral lipids (NL)

Nouairi et al. 2006

Lead (Pb2+) 0, 200, 400, 800 and 1,000 μM
Pb2+ for 21 days

Accumulated more Pb2+ in the shoots Zaier et al. 2010b

Presence of phytochelatin isoform PC3 in the extracts.
Effective accumulation and redistribution of Pb2+ from
root to shoot

Zaier et al. 2010a

Arsenic (As) As(V) (100–1,000 μM) Significant As accumulation (155 μg g−1 dry weight) Lokhande et al. 2011b

Green HE4B (toxic
textile dye)

GHE4B (50 mg l−1) in presence
of 200 mM NaCl

Efficient phytotransformation of GHE4B; efficient
degradation of textile dyes and its efficacy on saline
soils contaminated with toxic compounds

Patil et al. 2012
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embryogenesis abundant-2 protein domain, a signature mo-
tif for proteins that have been enriched under salt or drought
conditions. Fan et al. (2009) isolated a fructose-1,6-bisphos-
phate aldolase gene (FBA) from differentially expressed
cDNA library of Sesuvium roots exposed to seawater by
using the suppressive subtractive hybridisation (SSH) ap-
proach and designated it as SpFBA. The precursor protein
encoded by SpFBA is predicted to be FBA localised in the
cytoplasm of cell and its expression is suggested to be
involved in response to different abiotic stress stimuli such
as seawater, NaCl, abscisic acid and PEG. In addition, the
over-expression of SpFBA gene in Escherichia coli under
salt stress also demonstrated ability to survive under salt
stress conditions suggesting important roles in responding to
salt stress and related abiotic stimuli.

Biological responses and developmental processes of the
plants are precisely controlled at the gene expression levels
and information on the temporal and spatial regulation of gene
expression often sheds light on the potential function of a
particular gene. As not much information is available on the
sequences of Sesuvium, the projects on use of cDNA-
amplified fragment length polymorphism or SSH tools for
the synthesis of enriched cDNA library under adverse abiotic
stress conditions (salinity, drought and heavy metal) will help
to generate exhaustive information on expression profiling of
different transcriptomes under these stresses. Furthermore, the
information will resolve the specific molecular mechanism
underlying abiotic stress tolerance in this species.

5 Biotechnological implications

Established protocols of tissue culture should enable large-
scale production of plants for its conservation and also to
cover the barren lands for greenification and in saline areas
for desalination purpose. For conservation of the species and
taking into account the approach of large-scale multiplication,

Kathiresan et al. (1997) and Lokhande et al. (2010a) success-
fully developed efficient protocols for micropropagation and
callogenesis using axillary shoots. The highest rate of shoot
induction was obtained using MS (Murashige and Skoog
1962) medium and a combination of high cytokinin and/or
low auxin. Root induction from the established shoots, was
ach ieved on MS l iqu id medium conta in ing α -
naphthaleneacetic acid, whereas the rooted plantlets exhibited
85% survival in field conditions (Lokhande et al. 2010a). The
callus can be used for the establishment of cell suspension
cultures, which could act as a source for the synthesis and
production of valuable secondary metabolites such as 20-
hydroxyecdysone (20E) (Lokhande et al. 2010a). In addition,
different precursors and elicitors (biotic and abiotic) can be
used in cell suspension culture for enhanced production of
secondary metabolites on large scale under control conditions.

Salt stress studies are preferably conducted in soil-less
culture with nutrient solutions of known salt concentrations
(Vijayan et al. 2003) because, at the field level, the salinity
levels vary depending on the season and soil depth (Daniells et
al. 2001) and the enormous potential for interactions with
other environmental factors (Pe’rez-Tornero et al. 2009). In
this regard, the use of cell and tissue culture facilitate to study
salt tolerance mechanism at the unorganised cellular or organ-
ised tissue level, and may provide information on the physi-
ological, biochemical and growth responses to salt stress at
different levels of tissue organisation. Besides, in vitro studies
allow relatively faster responses; shorter generation time and
controlled environment as compared to ex vitro conditions
(Zhang et al. 2004; Pe´rez-Tornero et al. 2009) and the infer-
ences obtained from in vitro cultures under salt stress may be
directly applicable at the whole-plant level. Lokhande et al.
(2010b, c, 2011a) recently studied the potential of Sesuvium
callus and axillary shoot cultures to tolerate and survive under
in vitro salt stress conditions in terms of growth, physiological
and biochemical changes. These studies revealed that cell
cultures exhibited poor survival under stressed conditions as
compared to axillary shoots, at the expense of reduced growth
of the calli, lower antioxidant enzyme activities and signifi-
cantly higher accumulation of inorganic ions and osmolytes.
However, the tolerance capacity was found significantly
higher in the axillary shoot cultures exposed to 200 mMNaCl.
The physiological and biochemical analyses showed differ-
ence in response of callus culture to osmotic and ionic stress as
compared to response seen for these stresses at whole plant
level (Lokhande et al. 2010c). Nabikhan et al. (2010)
employed callus and leaf extracts of Sesuvium as substrates
for successful production of antimicrobial silver nanoparticles
using silver nitrate (AgNO3). The study revealed that callus
extracts are more suitable for the production of silver nano-
particles than the leaf extracts. The uses of plants for nano-
particle synthesis is more beneficial because the particles are
produced extracellularly; however, studies using plant
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systems for the production of these nanoparticles are very
limited. Thus, eco-friendly, cost-effective and biological
system-based technology using biotechnological (tissue cul-
ture) approach should make it possible for the synthesis of
various kinds of antimicrobial compounds from the plants and
its production on a large scale for pharmaceutical applications.

In the author’s laboratory, hairy root cultures were estab-
lished from in vitro grown leaf and axillary shoot explants of
Sesuvium (Fig. 8). The explants co-cultivated with bacterial
strain Agrobacterium rhizogenes ATCC 5140 showed suc-
cessful induction of hairy roots with 70 and 50 % root
induction frequency in leaf and axillary shoot explants,
respectively. High biomass production using hairy roots
assumes significance for the synthesis of valuable secondary
metabolites. The established hairy root cultures of Sesuvium
will boost the production of 20-hydroxyecdysone in addi-
tion to synthesis of some novel compounds within a short
time under control conditions. Furthermore, treatments with
precursors or elicitors will also be useful to augment higher
secondary metabolite (20E) production.

6 Metabolites

Sesuvium is an important source of phytoecdysteroids (in-
sect molting hormones) 20-hydroxyecdysone along with the
minor amount of ecdysone, which regulates many biochem-
ical and physiological processes during the various devel-
opmental stages of insects (Simon and Krolman 1989). The
steroid hormones affects pupation in insects and thus these
phytoecdysones can probably be used as biological pesti-
cides. One of the most important applications of 20E is in
the agriculture-based sericulture industry to significantly
elevate the yield of silk obtaining from the cocoon (Chou
and Lu 1980; Ninagi and Maruyama 1996; Dinan 2001).
For this purpose, the silkworm larvae, Bombyx mori, are
exogenously treated with 20E at certain stages of develop-
ment which results into early transfer of larvae to the cocoon
spinning devices and simultaneous and synchronised co-
coon formation. Of the various Chinese plant sources iden-
tified, Sesuvium contained the highest levels of ecdysteroids
and can be used in sericulture industry to manage the

silkworm rearing during the last stage of larval development
(Wong et al. 1979; Chou and Lu 1980; Nair et al. 2005).

In the biomedical application, 20E and derivatives are
used for health improvement as they have been shown to
stimulate the synthesis of proteins, builds muscle, be adap-
togenic for human immunodeficiency virus (HIV) patients
and have antioxidant and tonic properties (Bathori 2002;
Sinlaparaya et al. 2007). The ready availability of 20E from
plant sources has led to a boom in recent years in its
inclusion in many commercial anabolic preparations for
body-builders and sportsmen (Dinan and Lafont 2006;
Sinlaparaya et al. 2007). 20E has significant spermicidal
activity (Bandara et al. 1989) and influence the sexual
activity of male rats (Mirzaev and Syrov 1992). A number
of reports suggested that ecdysteroids may be effective in
the control of diabetes (Yoshida et al. 1971; Uchiyama and
Yoshida 1974; Najmutdinova and Saatov 1999; Dinan
2001). The importance of 20E in the agricultural and bio-
medical fields generates great interest for their extraction
from a variety of plants species to enhance production of
20E at industrial scale. Approximately 6 % of plant species
have been identified for the presence of 20E which was
much higher than those present in arthropods (Dinan 2001;
Klein 2004). However, very little information is available on
the large-scale production of 20-hydroxyecdysone using the
potential sources of 20E, such as Sesuvium, which grows
along the coastal regions of the world. Therefore, efforts
should be made in this direction to adopt agriculturally
unavailable land in coastal areas for large-scale produc-
tion of this species and its biomass utilisation for the
extraction of 20E at commercial level.

7 Potential applications of S. portulacastrum

7.1 Medicinal uses

Medicinally and economically, Sesuvium containing sec-
ondary metabolites have shown a great potential as a sub-
stitute for some synthetic raw materials in the food,
perfumery, cosmetic and pharmaceutical industries (Lis-
Balchin and Deans 1997). This plant is used in traditional

Fig. 8 A. rhizogenes mediated
induction of hairy roots from
stem explants of S.
portulacastrum. From left to
right: after 28 days of
rhizogenesis, 3-month-old hairy
root culture and fully grown
hairy roots (Lokhande et al.
unpublished results)
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medicine as a remedy for fever, kidney disorders and scurvy
(Rojas et al. 1992) by the indigenous people in Africa, Latin
America and in Asian countries such as India, China, Pakistan
and Japan. The plant is used on the Senegal coast as a haemo-
static and a decoction of it is considered to be the best known
antidote for stings of venomous fish. Leaves have acidulous
flavour of sorrel as well as antiscorbutic (Anonymous 2009;
Lokhande et al. 2009a). The plant is known to contain a
polysaccharide, which showed positive activity against HIV
(Padmakumar and Ayyakkannu 1997).

The essential oil extracted from the leaves of Sesuvium
revealed notable antibacterial activity against both gram-
positive and gram-negative bacteria and displayed signifi-
cant antifungal and antioxidant activity (Magawa et al.
2006). The essential oil showing these activities was attrib-
uted to the presence of relatively higher amount of mono-
terpene which was actually composed of more or less
content of hydrocarbon compounds such as O-cymene, 2-
β-pinene, α-pinene, 1, 8-cineole, limonene, α-terpinene, α-
terpinolene and camphene. These chemical components ex-
ert their toxic effects against these microorganisms through
the disruption of bacteria or fungal membrane integrity
(Magawa et al. 2006). The fatty acid methyl esters (FAME
extract) from Sesuvium leaves have been shown to contain
higher saturated fatty acids than the unsaturated fatty acids,
and the extract showed antimicrobial activity against Asper-
gillus fumigatus and Aspergillus niger (Chandrasekaran et al.
2011). Methanolic extracts of the plant contributed to its
cholinesterase inhibitory activity which was comparable to
the standard drugDonepezil used for treatment of Alzheimer’s
disease (Suganthy et al. 2009). Furthermore, the plant
contains a rich source of alkaloids, amino acids, poly-
saccharides, minerals, saponins, steroids and triterpenes
which have been used for antiviral activity and curing
of hepatitis and other diseases (Joshi and Bhosale 1981;
Premnathan et al. 1995; Padmakumar and Ayyakkannu
1997; Bandaranayake 2002).

7.2 Source of nutritious food and fodder

S. portulacastrum is occasionally cultivated as a vegetable
for cooking purpose in India and South East Asia (Hammer
2001). It has a great potential food value and also utilised as
a wild vegetable crop in the southern India because of its
salty taste and fleshy nature (Kathiresan et al. 1997; Ramani
et al. 2006; Lokhande et al. 2009a). A rough estimate of
nutritional values revealed the content of protein 10.2 %, fat
0.24 %, total ash 33 %, crude fibre 9.9 %, carbohydrate
45.5 % and calorific value 223 K calories. Considering its
nutritional composition, the plant can be used to comple-
ment as a vegetable in the coastal region. In addition, the
plants by growing in the arid and semiarid regions can
provide the alternative source of fodder to domestic animals.

7.3 Source of organic fertiliser and preservative

A significant increase in growth and biomass production was
recorded for oilseed cropArachis hypogaea (groundnut) when
it was cultivated in soil containing compost of halophytic
plants (S. portulacastrum, Suaeda maritima and Ipomoea
pes-caprae) along with farmyard manure and phosphate-
solublising bacteria (phosphobacteria). This compost of halo-
phytic plants was found to significantly improve the soil
microflora such as bacteria, fungi and actinomycetes and soil
enzyme activities such as dehydrogenase, alkaline phospha-
tase and urease (Balakrishnan et al. 2007). Ravindran et al.
(2007) proposed the use of organic compost of these luxuriantly
growing halophytes as an alternative source to chemical fertil-
isers for increasing the soil fertility and crop production which
further add up to the value of halophytes. After 120 days of
cultivation with Sesuvium, soil EC was reduced from 4.9 to
2.5 dS m−1, while in the plant sample, the EC was increased
from 4.3 to 15.3 dS m−1. Sodium absorption ratio (SAR) also
was reduced from 15.55 to 5.09 (67 % reduction). Furthermore,
the Vigna mungo as an intercrop in the paddy field in the
presence of S. portulacastrum along with the other mangrove
compost of S. maritima, Excoecaria agallocha, Clerodendron
inerme and I. pes-caprae revealed significant improvement in
the growth parameters (shoot and root length, total number of
leaves, freshweight of plants, total number of root nodules, fresh
weight of root nodules and total number of branches) as com-
pared to soil devoid of compost (Balakrishnan et al. 2010).
Considering the growing problems of decreasing fertility of
agricultural lands in the arid and semiarid regions due to excess
application of various types of toxic chemical fertilisers and their
irregular availability in themarket, the organic compost made up
of these fast-growing halophytic plants and as an easily available
nature’s gift could become a potential source of fertiliser in
future for the development of sustainable agriculture.

Kanth et al. (2009a, b) suggested that Sesuvium can be
used as a replacement for salt in the curing process of goat-
skins and suggested that the quality of goatskins preserved
in paste prepared of dried plant powder of Sesuvium was at
par with that of skin preserved in salt. Being the type of ‘salt
accumulator’, S. portulacastrum has opened the new branch
for the use of halophytic species as a cheap source of
preservative and an alternative to salt for the preservation
of fishes, meat, etc. under controlled conditions.

8 Pioneer role in environment protection

S. portulacastrum has been reported as pioneer species for
environmental protection such as sand dune fixation, saline
soil stabilisation and desalination, desert greenification,
landscaping as well as an ornamental (Menzel and Leith
1999). The species typically traps sand in between the
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succulent prostrate stem having crawling leaves and initiate
the formation of small, widely spaced, embryonic dunes that
are parallel to the shoreline (Lonard and Judd 1997).

Environmentally, the plant’s potential has been checked for
its survival under different abiotic stress conditions that
includes salinity, drought and heavy metal accumulation
which makes Sesuvium a useful species as a heavy metal
pollution indicator (Lacerda 1982) and for predicting soil
salinity (Tóth et al. 1997). Sesuvium being a coastal plant also
acts as an inland plant and a mangrove associate and has
shown to have nursing effects on mangroves. The presence
of this plant in clear-cut forest in Belize has helped to accel-
erate mangrove recruitment in this area (McKee et al. 2007).
Rabhi et al. (2009, 2010b) has provided evidence for the
ability of this halophyte to desalinise an experimentally sali-
nised agricultural soil (grown for 189 days) and confirmed the
growth potentials of test culture Hordeum vulgare (barley) on
the desalinised soil. There was a marked absorption of Na+

ions by S. portulacastrum roots and their accumulation in the
above-ground biomass up to 872 mg plant−1 and 4.36 g pot−1

(about 1 t ha−1). Thus the characteristic feature of Sesuvium to
accumulate high amount of salt in its tissues may be exploited
for reducing salt levels in the potential agriculture soil and in
the arid and semiarid regions by repetitive cultivation and
harvesting of this plant in these areas (Ravindran et al.
2007). Sesuvium’s remarkable ability to yield high biomass
as well as transport and accumulate cadmium, lead and arsenic
in its tissues in presence or absence of salt can be useful in the
application of this plant for phytoextraction of these toxic
heavy metals from contaminated soils (Ghnaya et al. 2005,
2007a,b; Nouairi et al. 2006; Zaier et al. 2010a, b; Lokhande
et al. 2011b). In a recent study, Patil et al. (2012) reported
decolorisation of a toxic textile dye Green HE4B (GHE4B)
using in vitro grown plantlets of Sesuvium. The plantlets
exhibited significant (70 %) decolorisation of GHE4B
(50 mg l−1 that sustain 200 mM NaCl within 5 days of
incubation. The UV–visible spectrophotometer, HPLC and
Fourier transform-infrared spectroscopy analyses of the sam-
ples before and after decolorisation of the dye confirmed the
efficient phytotransformation of GHE4B in the presence of
200 mMNaCl. This study has pointed out for the first time the
potential of Sesuvium for the degradation of textile dyes and
its efficacy on saline soils contaminated with toxic com-
pounds. Considering the applications of Sesuvium in environ-
ment protection, strategies should be in place for the
conservation and large-scale propagation of this pioneer spe-
cies for environmental conservation.

9 Summary and conclusions

Almost all our modern crops are derived from glycophytes,
plants which apparently lack the genetic basis for salt

tolerance, and have received the most research attention.
Although considerable research has been published on the
mechanism of salt tolerance in the glycophytes, yet fewer
than a dozen salt-tolerant cultivars have been released, of-
fering only slight improvement over the parent lines. In fact,
it has been debated whether any cultivars bred for salt
tolerance have been commercially successful. In this con-
text, study of halophytes can be instructive from (1) the
mechanism by which halophytes survive and maintain pro-
ductivity on saline water can be used to define a minimal set
of adaptations required in tolerant germplasm. This knowl-
edge can help to focus the efforts of plant breeders and
molecular biologists working with conventional crop plants
(Zhu et al. 1997; Glenn and Brown 1999), (2) halophytes
grown in an agronomic setting can be used to evaluate the
overall feasibility of high-salinity agriculture, which
depends on more than finding a source of tolerant germ-
plasm (Glenn 1987) and (3) halophytes may become a direct
source of new crops.

Present review highlights the potential ability of Sesu-
vium through the development of various strategies to cope
with various abiotic stresses, to contribute to success as a
pioneer species for environment protection. In spite of the
information available on the physiological and biochemical
basis of tolerance to various abiotic stresses, an intensive
research needs to be focused towards understanding the
molecular basis of stress tolerance which could provide
additional resource for the improvement of abiotic stress
tolerance of crop plants. Consequently, the studies will
require inputs through extensive genome sequence informa-
tion using modern molecular techniques. The conservation
of the species through established tissue culture protocols
could be also useful to generate plant population to cover
the barren lands for greenification and can augment its
application in saline land for desalination purpose in the
arid and semi-arid regions of the world. The biotechnolog-
ical studies (such as establishment of hairy roots and cell
cultures) undertaken in this plant will act as a ‘biofactory’
for the production of commercially important secondary
metabolites which will fulfill the demands of pharmaceuti-
cal industries for required products. Further, manipulations
in the biosynthetic pathway and enhancement of secondary
metabolite synthesis using various elicitors and precursors
could enhance the productivity of the compounds in a short
span of time. Furthermore, as this plant has considerable
nutritional status, it can be used as a source of food to
overcome the problem of hunger of poor coastal people
and by growing the plant in the arid and semi-arid regions
can provide the alternative source of fodder to domestic
animals. Thus S. portulacastrum will also help to under-
stand salt tolerance and adaptation pathways in plants and
help sustain agriculture in highly saline and heavy metal
polluted soil.
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