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INTRODUCTION

Plants that are able to carry out the life cycle in soils
with high salt content are called halophytes (Genkel’,
1982; Lokhande and Suprasanna, 2012). Despite the
common name reflecting the attitude to one environ�
mental factor, halophytes are a heterogeneous group
of plants, which include representatives of different
taxa, life forms, and ecological types of floras (Sham�
sutdinov et al., 2001). By the ability to accumulate salt
in the aerial part, halophytes are divided into “salt�
accumulating” (euhalophytes), “salt�excreting”
(crynohalophytes), and “salt�resisting” (glycohalo�
phytes) (Genkel’, 1982). There are also obligate and
facultative halophytes.

Different types of strategies with respect to the
accumulation of salts impacted the structure of the
vegetable organism of halophytes. For example, suc�
culence is typical for euhalophytes, while glycohalo�
phytes are characterized by xerophytic structure of
leaves. Crynohalophytes have an excretory function
with the help of specialized salt glands (Voronkova et
al., 2008; Dajic, 2006). Euhalophytes are usually char�
acterized by large size of photosynthetic cells, and
cryno� and glycohalophytes have much smaller chlo�
renchyma cells (Jennings, 1968). 

Adaptation of halophytes to salinity formed in the
course of phylogeny and involves various levels of the
organization: molecular, cellular, organismal, popula�
tion, phytocenotic (Glenn and Brown, 1999; Flowers
and Colmer, 2008; Munns, 2008). Currently, it is gen�
erally accepted that, in addition to a direct toxic effect,
salinity causes osmotic stress in plants due to a sharp
drop in water potential of the root�inhabited environ�
ment, as well as endogenous oxidative stress, resulting
in a change in the conformation and the denaturation
of structural and enzymatic proteins (Stroganov, 1962;
Smirnoff, 1998). Resistance to osmotic stress is
achieved by means of accumulation by plants of com�
patible inorganic and organic osmolytes, the most
important feature of which is nontoxicity for the struc�
ture and function of proteins and nucleic acids
(Franco and Melof, 2000; Hare et al., 1998). The
mechanisms regulating transport of ions from the
medium into the cells neutralize the toxic effect. Ions
entering the cell at salinization are derived from cyto�
sol using ion pumps (Cheeseman and Wickens, 1986).
This type of adaptations is connected to the protective
barrier functions of membranes. The barrier function
of each membrane depends on its permeability deter�
mined by its structure. Lipids play a leading role in the
regulation of membrane fluidity—one of the main
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conditions for the functioning of proteins, including
proteins of transport systems (Sui et al., 2010).

Antioxidant systems of halophytes include a wide
range of low molecular weight compounds. A causal
link was established between the high activity of anti�
oxidant enzymes and the degree of protection against
oxidation disorders caused by salinization of the sub�
strate (Ksouri et al., 2010). Universal components
making it possible to stabilize the osmotic potential of
the plants and to resist water shortages and toxic
effects of excess ions are some amino acids (AA)
(Matysik et al., 2002).

Biochemical adaptation, unlike the specialized
adaptations at physiological, morphological, and
other levels, determines the qualitative and quantita�
tive originality of metabolic functions necessary for
functional activity of molecules and energy use
(Khochachka and Somero, 1988).

The purpose of this study was to investigate the bio�
chemical basis of differentiation halophytes with dif�
ferent type of regulation of salt metabolism.

MATERIALS AND METHODS

The region of Prieltonye is a part of the Caspian
Depression. The climatic conditions of the territory
are characterized by a sharp lack of moisture and
severe drought, especially in spring and summer.
Plants in these conditions in addition to salinization
experience the impact of high insolation and temper�
ature for much of the growing season. 

As the objects of study, we chose Salicornia peren�
nans Willd. (saltwort solonchak), Suaeda linifolia Pall.
(seablite linear�leaved), Halocnemum strobilaceum
Bieb. (sarsazan knobbly), Limonium gmelinii (Willd.)
O. Kuntze (Gmelin statice), and Artemisia santonica L.
(santonica wormwood). 

For biochemical assays, we used the leaves of 15–
20 plants collected on experimental plots 20 × 20 m in
size within one phytocenosis. Three independent bio�
logical samples (2–4 g of fresh weight) were made up
of the combined biomass of leaves. The features of
selection of plants and soil analysis on the salt content
are given in (Rozentsvet et al., 2013). Extraction and
analysis of lipids and water�soluble and membrane�
bound proteins (WP, MP) in the plant material were
performed by the previously described methods
(Rozentsvet et al., 2014). The total content of lipids
(TL) was calculated as the sum of neutral lipids (NL),
glycolipids (GL), and phospholipids (PL) analyzed
separately. The intensity of lipid peroxidation (LPO)
in plant tissues was determined by the content of
thiobarbiture active compounds after reaction with
thiobarbituric acid using a PromEkoLab PE�3000 UF
spectrophotometer (Russia). 

The hydration of tissues was calculated after deter�
mination of fresh and dry weight as the ratio of water
to dry weight.

The ion content was determined in a dry, shredded
material after mineralization of samples (Metod�
icheskie ukazaniya…, 2005) using the method of
inductively coupled plasma optical emission spec�
trometry on a SPECTRO CIROS�CCD device.

The barrier properties of the membranes were eval�
uated by the degree of release (leakage) of electrolytes
(Kholodova et al., 2005). Six to ten excisions were
obtained from the leaves. To remove residual cells
injured when cutting excisions and outer�membrane
(apoplast) tissue content, a 15 min wash of samples in
10 mL of distilled water with shaking was conducted.
Next, the samples dried from the surface were quickly
transferred to clean bottles containing 10 mL of dis�
tilled water at 20°C and incubated for 30 min. The
content of electrolytes in this solution characterized
the size of the membrane leakage. Electrolytes
remaining in the tissues were extracted with another
portion of water upon boiling for 5 min, followed by
extraction with shaking for at least 1 h. The conductivity
of the solutions was measured using a PWT (HI 98 308)
conductivity meter (HANNA Instruments, Ger�
many). The measure of membrane leakage was
assessed as a percentage of the amount of intracellular
electrolyte emerging from the cells after removal of the
extracellular content and extracted by boiling.

The pigment content was determined in an acetone
extract (90%) on the PromEkoLab PE UF�3000 spec�
trophotometer (Russia) at λ 662, 645, and 470 nm. For
extraction, 0.2–0.5 g of fresh weight of leaves was
used. The calculation of the concentration of chloro�
phylls a, b and carotenoids and the fraction of chloro�
phylls in the light�harvesting complex was carried out
by the method of Lichtenthaler (1987). 

The activity of superoxide dismutase (SOD) was
determined according to the recommendations
described in (Beauchamp and Fridovich, 1971). 

Free amino acids were determined in the lyophili�
cally dried material after their removal by 70% ethanol
on an 400�AAA analyzer (Czech Republic) in the sys�
tem of lithium buffers. 

The analysis of each component was performed
three times in each biological sample. The data in the
tables and figures are presented as the arithmetic mean
with standard error.

RESULTS AND DISCUSSION

We investigated the biochemical properties of the
five species of wild halophytes that characterize water
and osmotic status, state of membranes, and antioxi�
dant protection of cells. The plants differed in system�
atic position, life form, attitude to the water regime,
and the type of regulation of salt metabolism. Thus,
euhalophytes S. perennans and S. linifolia (family
Chenopodiaceae) are annual herbaceous mesoxero�
phytes and H. strobilaceum is a xeromesophyte semi�
shrub. Crynohalophyte L. gmelinii (family Plumbagi�
naceae) is a herbaceous perennial xeromesophyte and
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glycohalophyte A. santonica (family Asteraceae) is a
xeromesophyte semishrub. 

Growing conditions of the studied species of halo�
phytes in the basin of Lake Elton differ mainly in the
content and composition of salts and the moisture
content in the soil. Analysis of edaphic factors showed
that communities with participation of euhalophytes
S. perennans and H. strobilaceum were formed in soils
with a stronger salinity (2.0 and 4.2%) than crynohalo�
phyte L. gmelinii and glycohalophyte A. santonica
(1.6%) (see Table 1). However, H. strobilaceum, unlike
the rest of the studied species, grew on drier soil—with
humidity of only 7.0%. The acidity of the soil extract
ranged from 8.6 to 8.8, which is characteristic of saline
soils in which Na, Ca, K, and Mg displace ions of H.

The main conditions for the survival of any plant
under the influence of salinity are resistance to water
scarcity and toxic effects of excess ions. The hydration
of leaves of the studied halophytes, despite the strong
salinity of the soil, was in the range of 73–91%. In

annual herbaceous euhalophytes, the moisture con�
tent in the aerial part was 89–91%, and in perennial
eu�, cryno�, and glycohalophytes, it was 73–76% (see
Fig. 1).

The data of elemental composition showed that the
Na content in the leaves of euhalophytes was 3 times
or more higher than that in cryno� and glycohalo�
phytes (see Table 2). That is, the storage capacity of
the plants with respect to the type of ions of Na corre�
sponded to salt accumulation. The content of Ca and
K was substantially lower than Na. In this case, the
content of K was almost identical in the leaves of all
species studied, and the amount of Ca varied from 2.4
to 12.0 mg/g of air�dry pulp. A particularly low con�
tent of Ca was observed in H. strobilaceum.

The total content of ions of K, Na, and Ca
decreased in the series S. linifolia > S. perennans >
H. strobilaceum > L. gmelinii > A. santonica. Ions of Na
and K can be used by the cell as inorganic osmolytes to
maintain intracellular osmotic homeostasis. In this
respect, great osmolarity in salt�accumulating species
of halophytes is evident. Ions of Ca, owing to its phys�
ical and chemical properties, are capable of forming
functionally active complexes being part of structural
formations of cells. In particular, ions of Ca form com�
plexes with PL in the lipid layer of non�photosynthetic
membranes (Stroganov, 1962).

In the content of C based on the dry weight, the
opposite pattern was observed in comparison with
metal ions—less content in annual euhalophytes
(S. perennans and S. linifolia—223 and 224 mg) and
more in perennials (H. strobilaceum, L. gmelinii, and
A. santonica). A negative correlation between the
accumulation of Na and content of C in the studied
species of halophytes (r = –0.88) was revealed. The

Table 1. Physicochemical characteristics of the soil in the
places of growth of plants

Species

Characteristics

humidity, % pH salinity, % 
(solid residual)

S. perennans 27.0 8.6 2.0

H. strobilaceum 7.0 8.6 4.2

S. linifolia 23.0 8.7 1.7

L. gmelinii 24.6 8.8 1.6

A. santonica 24.6 8.7 1.6

Hydration, %
100806040200

A. santonica

L gmelinii

S. linifolia

H. strobilaceum

S. perennans

Fig. 1. Hydration of the leaves of halophytes in Prieltonye.
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content of N in the leaves, as well as of C, depended on
the life forms of plants with high content in perennials
H. strobilaceum, L. gmelinii, and A. santonica.
Increased content of N in plant leaves is sometimes
associated with the content of photosynthetic enzyme
ribulose�1,5�bisphosphate carboxylase in plants com�
pared with C3 and C4 type of photosynthesis, the con�
tent of which is about 75% of organic nitrogen of
leaves (Evans, 1989). However, the test plants are
plants with C3 type of photosynthesis, which gives rea�
son to believe that differences in the content of N were
related to species characteristics. In the scientific liter�
ature, it was indicated that more informative is the
ratio C/N (Ivanov, 2001). In our study, this figure
ranged from 10 to 15 and was not associated with dif�
ferences in the type of regulation of salt metabolism or
in the form of plant life.

One of the first responses of the cell to the effects of
stress abiotic factors is associated with the processes of
lipid peroxidation (LPO). Analysis of the content of
malondialdehyde (MDA)—the end product of
LPO—showed that, in leaves of L. gmelinii and A. san�
tonica, LPO processes occur two or more times more
intensely than in leaves of S. perennans, S. linifolia,
and H. strobilaceum (see Fig. 2a).

Let us note high (r = –0.99 at p = 0.01) negative
correlation between the content of Na and LPO in the
plants. The release of electrolytes from leaf cells of
euhalophytes was 35–40% higher than that of cryno�

and glycohalophytes (see Fig. 2b). In general, mem�
brane systems of the studied halophytes are highly
resistant to the damaging effect of salt—the degree of
damage to membranes did not exceed 15% (see
Fig. 2b). It was found that the content of C in the
leaves of halophytes correlated (r = –90 at p = 0.04)
with membrane permeability of cells. Thus, for the
species L. gmelinii and A. santonica, we noted low
membrane permeability and a higher amount of C
against the background of low content of Na. We
assumed that higher content of C in the leaves of
L. gmelinii and A. santonica is associated with the
intensity of synthesis and accumulation of organic
matter, including the structural components of the
membranes. This assumption was confirmed by anal�
ysis of the composition of lipids and proteins (see
Table 3). 

The content of TL in the leaves of halophytes can
be described by a descending series: A. santonica >
L. gmelinii > H. strobilaceum > S. linifolia > S. peren�
nans, respectively, from 14.4 to 1.7 mg/g of fresh
weight. In the same sequence, the total content of
membrane GL and PL changed. Cryno� and glyco�
halophytes are characterized by predominance of GL
constituting photosynthetic membranes, which is typ�
ical of the majority of higher plants of glycophytes. For
true halophytes S. perennans, S. linifolia, and H. stro�
bilaceum, there was established larger or equal content
of PL—components of outer chloroplast membranes

Table 2. Elemental composition of the leaves of halophytes, mg/g of dry weight

Species Ca K Na N C C/N

S. perennans 8.2 ± 2.5 11.0 ± 4.0 140.0 ± 60.0 22.0 ± 4,0 223.0 ± 7.0 10

H. strobilaceum 2.4 ± 0.70 16.0 ± 6.0 120.0 ± 50.0 31.0 ± 2.1 301.0 ± 10.0 10

S. linifolia 9.8 ± 2.9 19.0 ± 8.0 150.0 ± 60.0 14.5 ± 2.6 224.0 ± 7.0 15

L. gmelinii 12.0 ± 4.0 15.0 ± 6.0 37.0 ± 15.0 27.1 ± 1.8 345.0 ± 11.0 13

A. santonica 7.3 ± 2.2 11.0 ± 4.0 40.0 ± 16.0 28.4 ± 1.9 436.0 ± 14.0 15

Table 3. Content of lipids and proteins in the leaves of halophytes, mg/g of fresh weight

Index S. perennans H. strobilaceum S. linifolia L. gmelinii A. santonica 

GL 0.5 ± 0.1 1.3 ± 0.1 1.2 2.8 ± 0.1 5.1 ± 0.1

PL 0.5 ± 0.1 2.0 ± 0.4 0.9 2.2 ± 0.1 2.2 ± 0.1

NL 0.7 ± 0.1 1.5 ± 0 0.9 0.9 ± 0.1 7.1 ± 0.1

TL 1.7 ± 0.2 4.8 ± 1.0 3.0 ± 0.6 5.9 ± 1.0 14.4 ± 2.0

GL/PL 1.0 0.6 1.3 1.3 1.4

MP 2.5 ± 0.2 3.8 ± 0.3 2.0 ± 0.2 3.0 ± 0.2 12.0 ± 0.8

WP 4.4 ± 0.4 11.7 ± 0.6 10.0 ± 0.7 12.2 ± 0.8 23.5 ± 4.5

WP/MP 1.8 3.1 5.0 4.1 4.6

MP/NL 2.5 1.1 0.9 0.5 1.6

WP—water�soluble proteins, GL—glycolipids, MP—membrane�bound proteins, TL—total lipids, PL—phospholipids, NL—
neutral lipids.
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and GL. In addition, in the leaves of A. santonica and
L. gmelinii, a large amount of spare NL was found.

Analysis of the protein content showed that plants
A. santonica, in comparison with the other species
investigated, contain significantly more WP and MP.
In a smaller quantity, proteins were found in plants
L. gmelinii and H. strobilaceum. The minimum quan�
tities of MP and WP are marked in the leaves of the
species S. perennans and S. linifolia. Thus, euhalo�
phytes, except for H. strobilaceum, contained fewer
WP and MP in the leaves than crynohalophytes and
glycohalophytes.

A more detailed study of the composition of indi�
vidual MB showed that glycophyte A. santonica and
crynohalophyte L. gmelinii have a relatively low con�

tent of phosphatidylethanolamines (PE) (not more
than 6%) and high content of phosphatidylglycerol
(PG) (20%) compared with euhalophytes (9–12 and
10–16% of the amount of PL, respectively) (see
Fig. 3).

PG is the only phosphorus�containing lipid which
is localized in the thylakoid membranes (Andrews et
al., 1985). It is known that, under oxidative stress, the
synthesis of PG can increase (Wallis and Browse,
2002). A higher content of PG can be seen as an adap�
tive response of the lipid components of cryno� and
glycohalophytes aimed at stabilizing the photosyn�
thetic apparatus. Thus, just in L. gmelinii and A. san�
tonica, compared with euhalophytes, at high levels of
PG content, high values LPO were also observed. Fur�
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Fig. 2. Release of electrolytes from the cells (a) and MDA content (b) in the leaves of halophytes in Prieltonye.
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thermore, according to modern concepts, PG is an
essential lipid for the structural organization of the
reaction centers and antenna complexes of photosys�
tems (Yu and Benning, 2003). Analysis of the pigment
resources integral to the photosynthetic membranes
showed that the content of green and yellow pigments
was two times or more higher in leaves of cryno� and
glycohalophytes compared to euhalophytes (see

Fig. 4). Accordingly, a higher content of PG was
observed in plants which have higher levels of pigment. 

Hence, the increase in the total content of C in the
series of glyco�, cryno� and euhalophytes is accompa�
nied by the increased content of total and membrane
lipids, total and membrane proteins, and pigments
(r = 0.87 with p < 0.05). That is, the differentiation of
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Fig. 3. Content of individual phospholipids in the leaves of halophytes in Prieltonye.
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halophytes with respect to the parameters characteriz�
ing the structure of the membrane and photosynthesis
is obvious. 

It should be noted that many of the adaptive fea�
tures that lead to resistance of plants to salinity are
inducible. For example, individual components of WP
are responsible for the protection against oxidative
stress (Orlova et al., 2007). Thus, a thylakoid�bound
SOD is considered to be responsible for the neutral�
ization of photogenerated superoxide radicals in the
vicinity of photosystem II. The data on the SOD activ�
ity show that the greater activity is shown in glyco� and
crynohalophytes compared to euhalophytes (see
Fig. 5). The increase in SOD activity was correlated
with the increase in MDA, which confirms the com�
pensatory role of water�soluble proteins in response to
activation of LPO processes characteristic of cryno�
and glycohalophytes. 

Similar results were obtained for Crithmum mariti�
mum—increased activity of SOD in parallel with the
increase in the intensity of LPO with the rise of expo�
sure to NaCl (Ksouri et al., 2010). 

Given that one of the resistance mechanisms of
halophytes is a resistance to osmotic stress, the con�
tent of free AA was studied. The number of free AA
depended on the type of plant: the leaves of euhalo�
phytes H. strobilaceum, S. salsa, and S. perennans con�
tained 0.9–1.5 mg/g of dry weight; the leaves of cryno�
halophyte L. gmelinii contained 1.2 mg/g of dry
weight; and the leaves of glycohalophyte A. santonica
contained 4.8 mg/g of dry weight (see Table 4).

Four non�proteinogenic acids were detected: cys�
tathionine, β�alanine, ornithine, γ�aminobutyric
acid. Participation of non�proteinogenic acids in the
total pool of free AA in a glycohalophyte is 2.4%; in a
crynohalophyte, 32%; and in euhalophytes, 15–27%.
Stress AA, which include alanine, phenylalanine, γ�

aminobutyric acid, and proline (Franco and Melof,
2000; Hare et al., 1998), were in the cells of euhalo�
phytes 54–71%, in the cells of a crynohalophyte
71%, and in the cells of a glycohalophyte 88% of the
sum of AA. In the composition of free AA of glyco�
halophyte A. santonica, proline dominates (82%),
while in euhalophytes and a crynohalophyte a signifi�
cant part of “stress” AA is represented by alanine and
γ�aminobutyric acid. Furthermore, eu� and cryno�
halophytes stored more tyrosine and phenylalanine—
AA of the shikimate pathway, which are precursors of
many phenolic compounds having antioxidant prop�
erties and involved in processes lignification of cells.

In the literature, there is a large amount of indirect
evidence that proline has antioxidant properties,
which is associated with its ability to stabilize the
structure of proteins and membranes owing to the for�
mation of hydrophilic walls, which in turn prevents the
inactivation of proteins by hydroxyl radicals and sin�
glet oxygen (Matysik et al., 2002). Perhaps, vegetation
of a glycohalophyte in conditions of salinity induces
the accumulation of proline, since accumulation of
sodium and proline is positively correlated. 

It should be noted that halophytes varied consider�
ably in the level of components of the antioxidant sys�
tem. Thus, plants differ by an order of magnitude in
the contents of endogenous proline, soluble protein,
and LPO and the level of total SOD activity. This indi�
cates that the contribution of the components in the
antioxidant defense is not equal and depends on the
plant species. There are expressed reciprocal relation�
ships between some antioxidant reactions, which are
most clearly visible between the level of proline and the
release of electrolytes.

When analyzing the biochemical characteristics of
the plant species studied, their differentiation was
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Table 4. Content of free amino acids in the leaves of halophytes, mg/g of dry weight

Amino acids S. perennans H. strobilaceum S. linifolia L. gmelinii A. santonica

Aspartic 45 (3.0) 14 (1.6) 6 (0.7) 0 82 (1.7)
*Proline 271 (18.1) 155 (17.3) 270 (32.2) 147 (12.1) 3941 (81.7)
Glycine 19 (1.3) 23 (2.6) 8 (1.0) 46 (3.8) 21 (0.4)
*Alanine 376 (25.2) 225 (25.1) 139 (16.6) 377 (30.9) 214 (4.4)
Valine 78 (5.2) 72 (8.0) 99 (11.8) 81 (6.6) 174 (3.6)
Cystathionine 151 (10.1) 76 (8.5) 6 (0.7) 35 (2.9) 56 (1.2)
Isoleucine 0 0 27 (3.2) 0 0
Leucine 53 (3.5) 63 (7.0) 17 (2.0) 32 (2.7) 19 (0.4)
Tyrosine 33 (2.2) 39 (4.3) 26 (3.1) 39 (3.2) 9 (0.2)
*Phenylalanine 56 (3.7) 51 (5.7) 21 (2.5) 35 (2.9) 27 (0.6)
Β�alanine 39 (2.6) 0 0 39 (3.2) 0
* γ�aminobutyric 189 (12.6) 50 (5.5) 172 (20.5) 310 (25.4) 47 (1.0)
Ornithine 19 (1.3) 6 (0.7) 16 (1.9) 9 (0.7) 6 (0.2)
Lysine 25 (1.7) 47 (5.2) 12 (1.4) 20 (1.6) 21 (0.4)
Histidine 19 (1.3) 32 (3.6) 8 (1.0) 23 (1.9) 30 (0.6)
1�methylhistidine 17 (1.1) 0 0 0 0
3�methylhistidine 0 0 3 (0.4) 0 0
Arginine 106 (7.1) 45 (4.9) 8 (1.0) 26 (2.1) 175 (3.6)
ΣSAA 892 (59.6) 481 (53.6) 602 (71.8) 869 (71.3) 4229 (87.7)
ΣAA 1496 (100) 898 (100) 838 (100) 1219 (100) 4822 (100)

* Stress amino acids; ΣSAA—sum of stress amino acids; ΣAA—sum of amino acids; in parentheses, % of sum of amino acids.
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Fig. 6. Degree of relationship of biochemical signs of halophytes in Prieltonye according to the cluster analysis. 

found according to the type of regulation of salt
metabolism (see Fig. 6).

According to the content of lipids, proteins, pig�
ments, AA, etc., herbaceous annual euhalophytes
S. perennans and S. linifolia were united into one clus�
ter and differ from perennial euhalophyte H. strobila�

ceum. However, these types are closer to each other
than to crynohalophyte L. gmelinii. In turn, the spe�
cies L. gmelinii is separated from euhalophytes and
from glycohalophyte A. santonica, which has the least
resemblance to euhalophytes. Thus, biochemical dif�
ferentiation of the studied species of galophytes coin�
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cides with the type of regulation of salt exchange,
which means active and specific inclusion of lipids,
pigments, and proteins of cells in mechanisms of
adaptation of euhalophytes, crynohalophytes, and
glycohalophytes to extreme environmental condi�
tions, in particular, to a high level of soil salinity.

REFERENCES

Andrews, J. and Mudd, J.B., Phosphatidylglycerol synthe�
sis in pea chloroplasts. Pathways and localization, Plant
Physiol., 1985, vol. 79, pp. 259–265.

Beauchamp, C. and Fridovich, I., Superoxide dismutase:
improved assays and an assay applicable to acrylamide
gels, Ann. Biochem., 1971, vol. 44, pp. 276–287.

Cheeseman, J.M. and Wickens, L.K., Control of Na+ and
K+ transport in Spergularia marina. I. Transpiration
effects, Physiol. Plant, 1986, vol. 67, pp. 1–6.

Dajic, Z., Salt stress, in Physiology and Molecular Biology of
Stress Tolerance in Plant, Madhava Rao, K.V., Raghav�
endra, A.S., and Janardhan, R.K., Eds., Amsterdam:
Springer�Verlag, 2006, pp. 41–99.

Evans, J.R., Photosynthesis and nitrogen relationships in
leaves of C3 plants, Oecologia, 1989, vol. 108, pp. 197–
206.

Flowers, T.J. and Colmer, T.D., Salinity tolerance in halo�
phytes, New Phytol., 2008, vol. 179, pp. 945–963. 

Franko, O. and Mello, R., Osmoprotectors as the response
of the plants on osmotic stress, Fiziol. Rast., 2000,
vol. 47, no. 1, pp. 152–159.

Genkel, P.A., Fiziologiya zharo� i zasukhoustoichivosti raste�
nii (Physiology of Heat� and Drought Resistance of the
Plants), Moscow: Nauka, 1982.

Glenn, E.P. and Brown, J.J., Salt tolerance and crop poten�
tial of halophytes, Crit. Rev. Plant Sci., 1999, vol. 18,
pp. 227–255.

Hare, P.D., Cress, W.A., and Staden van, J., Dissecting the
roles of osmolytes accumulation during stress, Plant
Cell Environ., 1998, vol. 21, pp. 535–553.

Hochachka, P.W. and Somero, G.N., Biochemical Adaption:
Mechanisms and Process in Physiological Evolution,
Oxford: Oxford Univ. Press, 1984.

Ivanov, L.A., Morphological and biochemical features of
boreal zone with different adaptive strategies, Extended
Abstract of Cand. Sci. (Biol.) Dissertation, Tomsk, 2001.

Jennings, H., Halophytes, succulence and sodium in
plants⎯a unified theory, New Phytol., 1968, vol. 67,
pp. 899–911.

Kholodova, V.P., Volkov, K.S., and Kuznetsov, Vl.V., Adap�
tation of the common ice plant to high copper and zinc
concentrations and their potential using for phytore�
mediation, Russ. J. Plant Physiol., 2005, vol. 52, no. 6,
pp. 748–757.

Ksouri, R., Megdiche, W., Koyro, H.�W., and Abdelly, C.,
Responses of halophytes to environmental stresses with
special emphasis to salinity, Adv. Bot. Res., 2010,
vol. 83, pp. 117–145.

Lichtenthaller, H.K., Chlorophylls and carotenoids: pig�
ments of photosynthetic biomembranes, Methods
Enzymol., 1987, vol. 148, pp. 350–382.

Lokhande, V.H. and Suprasanna, P., Prospects of halo�
phytes in understanding and managing abiotic stress
tolerance, in Environmental Adaptations and Stress Tol�
erance of Plants in the Era of Climate Change, Ahmad, P.
and Prasad, M.N.V., Eds., New York: Springer�Verlag,
2012, pp. 29–56.

Matysik, J., Alia Bhalu, B., and Mohanty, P., Molecular
mechanisms of quenching of reactive oxygen species by
proline under stress in plants, Curr. Sci., 2002, vol. 82,
pp. 525–532.

Metodicheskie ukazaniya po provedeniyu razrusheniya
organicheskikh veshchestv v prirodnykh, pit’evykh,
stochnykh vodakh i pishchevykh produktakh na mikro�
volnovoi sisteme “Minotavr�2” (Methodological Rec�
ommendations for Decomposition of Organic Sub�
stances in Natural, Drinking, Waste Water, and Food
Using Minotavr�2 Microwave System), St. Petersburg:
Lyumeks, 2005.

Munns, R. and Tester, M., Mechanisms of salinity toler�
ance, Ann. Rev. Plant. Biol., 2008, vol. 59, pp. 651–681.

Orlova, N.V., Kusakina, M.G., and Suchkova, N.V.,
Dependence of water�soluble proteins in organs of
halophytes on salinization level of soils, Vestn. Perm.
Gos. Univ., 2007, no. 5 (10), pp. 31–34.

Rozentsvet, O.A., Bogdanova, E.S., and Nesterov, V.N.,
Ecological plasticity of membrane glycolipids of wild
halophytes in Elton Lake, Izv. Samar. Nauch. Tsentra,
Ross. Akad. Nauk, 2013, vol. 15, no. 3 (1), pp. 376–382.

Rozentsvet, O.A., Nesterov, V.N., and Bogdanova, E.S.,
Membrane�forming lipids of wild halophytes growing
under the conditions of Prieltonie of South Russia,
Phytochemistry, 2014, no. 105, pp. 37–42.

Shamsutdinov, Z.Sh., Savchenko, I.V., and
Shamsutdinov, N.Z., Galofity Rossii, ikh ekolog�
icheskaya otsenka i ispol’zovanie (Halophytes of Russia:
Ecological Assessment and Use), Moscow: Edel’�M,
2001.

Stroganov, B.P., Fiziologicheskie osnovy soleustoichivosti ras�
tenii (pri raznokachestvennom zasolenii pochvy) (Physi�
ological Basis of Salt Resistance of the Plants at Differ�
ent Salinity of Soils), Moscow: Akad. Nauk SSSR,
1962. 

Smirnoff, N., Plant resistance to environmental stress,
Curr. Opin. Plant Biol., 1998, vol. 9, pp. 214–219.

Sui, N., Li, M., Li, K., Song, J., and Wang, B.�S., Increase
in unsaturated fatty acids in membrane lipids of Suaeda
salsa L. enhances protection of photosystem II under
high salinity, Photosynthetica, 2010, vol. 48, pp. 623–
629.

Voronkova, N.M., Burkovskaya, E.V., Burundukova, O.L.,
and Bezdeleva, T.A., Morphological and biological fea�
tures of plants related to their adaptation to coastal hab�
itats, Russ. J. Ecol., 2008, vol. 39, no. 1, pp. 1–7.

Wallis, J.G. and Browse, J., Mutants of Arabidopsis reveal
many roles for membrane lipids, Prog. Lipid Res., 2002,
vol. 41, pp. 254–278.

Yu, B. and Benning, C., Anionic lipids are required for
chloroplast structure and function in Arabidopsis, Plant
J., 2003, vol. 36, pp. 762–770. 

Translated by S. Avodkova


		2016-02-16T17:31:25+0300
	Preflight Ticket Signature




