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Abstract
The aim of the present paper was to examine the eﬀect of increased substrate NaCl on concentration
of nutrients in tissues of two coastal marsh plants Hydrocotyle vulgaris and Aster tripolium. Increased
substrate salinity due to watering with NaCl solution led to accumulation of both Na and Cl ions
in tissues of both species studied. In H. vulgaris leaf blade and leaf petiole tissues both Na and Cl
concentrations were saturated. In contrast there was an increase of Na and Cl concentration in both
leaf and root tissues of A. tripolium with increasing substrate concentration. N and P concentrations
were diﬀerentially aﬀected by increasing substrate NaCl. While both minerals increased in tissues
of H. vulgaris, for A. tripolium concentration of N decreased and that of P increased in roots. The
eﬀect of NaCl on S concentration was species-speciﬁc – it increased in leaf petioles and stolons of H.
vulgaris and decreased in both leaves and roots of A. tripolium. The most pronounced stimulation of
mineral concentration by NaCl was found for Mn. Increase in Cu concentration was characteristic
for all tissues of both species while Fe concentration increased in A. tripolium and leaf tissues of H.
vulgaris. In conclusion, possible adaptive responses leading to maintenance of an optimal supply of
mineral nutrients in conditions of high Na and Cl concentrations in cells can be seen.
Key words: coastal plants, Aster tripolium, halophytes, Hydrocotyle vulgaris, mineral nutrition,
salinity, wild plants.

Introduction
Elevated soil salinity, which is a major concern in many regions (Pitman, Läuchli 2002)
changes physico-chemical properties of the soil in turn aﬀecting availability of minerals
and their uptake (Grattan, Grieve 1993). Thus, soil salinity decreases solubility of
micronutrients. In addition, ion toxicity and osmotic stress may aﬀect transport rates
and cellular concentrations of certain nutrients. These processes could lead to nutrient
imbalance and changes in ion homeostasis as a result of soil salinity. Together with
disturbance of cellular functions due to NaCl toxicity and osmotic stress, raised salinity
may lead to suppression of vital physiological functions (Flowers et al. 1977; Hasegawa
et al. 2000). Consequently plants native to habitats with ﬂuctuating soil salinity should
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possess adaptive mechanisms to compensate for consequences of nutrient imbalance.
While general aspects of mineral nutrition of wild plants have been considered (Chapin
1980; Aerts, Chapin 2000) most recent studies concentrate on several main macronutrients.
However, for optimal plant growth all the essential mineral nutrients must be present in
adequate levels and correct proportions, which may diﬀer for various species and diﬀerent
habitats. In addition, edaphic factors have been considered as limiting, explaining species
zonation in a salt marsh (Levine et al. 1998; Pennings et al. 2005). Studies on the eﬀect
of salinity on mineral nutrition of wild plants, particularly halophytes, are rare. Very few
data can be found on the eﬀect of salinity on micronutrient concentration. Therefore, the
aim of the present paper was to examine the eﬀect of increased substrate NaCl level on
concentration of macronutrients and micronutrients in tissues of diﬀerent organs of two
coastal marsh plants Hydrocotyle vulgaris and Aster tripolium.
Materials and methods
Aster tripolium plants were propagated by tissue culture from shoot apical explants
(Klavina et al. 2006). Plants representing genetically identical material with four to ﬁve
leaves were transferred to plastic pots (12 × 12 cm, 15 cm deep) ﬁlled with a commercial
neutralized (pH 5.5 - 6.3) peat with mineral nutrients (NPK 14-16-18).
Stock plant material of Hydrocotyle vulgaris was introduced in laboratory culture from
one genet of naturally growing plants during summer 2005. For experiments, plants were
propagated during early spring in 2007 and 2008 and represented genetically identical
clonal material. As starting material, ﬁve small plants with three ramets each was planted
in 30 × 40 cm plastic trays ﬁlled with a commercial neutralized peat with mineral nutrients
(NPK 14-16-18).
Plants were cultivated in a growth chamber with 120 µmol m-2 s-1 of photosynthetically
active radiation at the plant level provided by three ﬂuorescent lamps, photoperiod of 16
h, temperature 20 ± 2 °C.
Plants were watered three times a week with tap water or tap water with diﬀerent
concentrations of NaCl. Salt was added in steps of 25 mM per day in order to avoid osmotic
shock. Final NaCl concentrations in a watering solution were 0, 25, 50, 100 mM for H.
vulgaris and 0, 25, 50, 100, 200, 400 mM for A. tripolium. Preliminary experiments showed
that substrate Na and Cl concentration was aﬀected not only by the concentration of the
ions in the respective watering solution but also on frequency and amount of watering
solution applied. Indirectly, the concentration was aﬀected also by cultivation temperature
because of increased transpiration and consequently need for more water with increasing
temperature.
Plants were harvested at four weeks after the start of the treatment. H. vulgaris plants
were separated into leaf blades, leaf petioles and stolons, A. tripolium plants into leaves
and roots. Three separate samples per treatment were harvested for each time point. The
tissues were dried in oven (60 °C), weighed and ground into a ﬁne powder using a ball
mill. The samples were dry-ashed in concentrated HNO3 vapor and redissolved in HCl
solution (HCl : deionized water 3 : 100, v/v) and analyzed for nutrient concentrations
(Rinkis et al. 1987).
The levels of Ca, Mg, Fe, Cu, Zn, and Mn were measured by atomic absorption
spectrophotometer AAnalyst 700 (Perkin Elmer) with an acetylene-air ﬂame (Haswell

Nutritional status of coastal plants at elevated salinity

167

1991). The amount of N, P, Mo and B was assayed by colorimetry, concentration of S by
turbidimetry. K and Na were measured by a ﬂame photometer PFP7 (Jenwey) with an airpropane/butane ﬂame. Chloride was determined by AgNO3 titration (Patnaik 1997). All
results were expressed on a dry mass basis.
Substrate samples for Na and Cl analysis were air-dried and sieved through a metal
sieve (2-mm mesh size). Samples were extracted with 1M HCl in a 1 : 5 soil to extractant
volume ratio and measured by a ﬂame photometer (for Na) or by AgNO3 titration (for
Cl). Experiments were repeated two times. Only data from a representative experiment
are shown.
Results
Nutrient concentration in diﬀerent organs of H. vulgaris and A. tripolium
When cultivated in control conditions H. vulgaris accumulated signiﬁcantly higher
concentrations of N, Ca, Mg, Fe, Mn and Zn in the leaf blade tissues in comparison to
leaf tissues of A. tripolium (Table 1). Concentrations of nutrients in tissues of H. vulgaris
decreased in the order leaf blades > leaf petioles > stolons for N, Ca, Mg, S, Fe, Mn and Zn. In
contrast, higher concentration of K was evident in leaf petioles and stolons in comparison
to leaf blades of H. vulgaris. For A. tripolium leaf tissues had higher concentrations than
root tissues for all the nutrients measured except Mg, Fe, Zn and Cu.
Substrate NaCl level, corresponding NaCl concentrations in tissues and plant growth
Increased substrate salinity due to watering with NaCl solution led to accumulation of
both Na (Fig. 1) and Cl (Fig. 2) ions in tissues of both species studied. However contrasting
trends of concentration-dependence characteristics were found for H. vulgaris and A.
Table 1. Concentration of mineral nutrients in tissues of diﬀerent organs of Hydrocotyle vulgaris and
Aster tripolium. Data are means from 3 measurements ± SE
Hydrocotyle vulgaris
Leaf blades Leaf petioles
Stolons
Macronutrients (% DM)
N
2.00 ± 0.06
1.35 ± 0.08
1.00 ± 0.09
P
0.32 ± 0.03
0.40 ± 0.02
0.36 ± 0.02
K
2.14 ± 0.15
6.40 ± 0.16
3.98 ± 0.10
Ca
4.10 ± 0.11
1.90 ± 0.14
0.39 ± 0.02
Mg
0.65 ± 0.03
0.28 ± 0.01
0.11 ± 0.01
S
0.34 ± 0.02
0.07 ± 0.01
0.10 ± 0.01
Micronutrients (mg kg-1)
Fe
142 ± 3
56 ± 6
44 ± 4
Mn
90 ± 3
19 ± 1
8±1
Zn
150 ± 4
48 ± 4
24 ± 3
Cu
6.2 ± 0.4
3.4 ± 0.2
4.8 ± 0.2
Mo
2.2 ± 0.1
0.3 ± 0.0
0.3 ± 0.0
B
30 ± 2
10 ± 1
14 ± 1

Aster tripolium
Leaves
Roots
1.25 ± 0.03
0.39 ± 0.04
3.24 ± 0.10
0.96 ± 0.04
0.35 ± 0.01
0.43 ± 0.02

0.90 ± 0.02
0.29 ± 0.03
0.90 ± 0.03
0.37 ± 0.02
0.29 ± 0.02
0.21 ± 0.01

60 ± 2
32 ± 2
26 ± 1
6.8 ± 0.2
2.7 ± 0.2
28 ± 2

225 ± 3
11 ± 1
30 ± 2
9.0 ± 0.3
1.3 ± 0.2
7±1
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Fig. 1. Relationship between substrate Na concentration and tissue Na concentration of diﬀerent
organs of Hydrocotyle vulgaris (A) and Aster tripolium (B).

Fig. 2. Relationship between substrate Cl concentration and tissue Cl concentration of diﬀerent
organs of Hydrocotyle vulgaris (A) and Aster tripolium (B).

tripolium. In H. vulgaris leaf blade and leaf petiole tissues both Na and Cl concentrations
were saturated at soil ion concentration of about 4000 mg L-1 (Fig. 1A, 2A). In stolon
tissues of H. vulgaris increase of Na and Cl concentration with increasing substrate NaCl
concentration was signiﬁcantly lower. In contrast to H. vulgaris there was a linear increase
of Na concentration in both leaf and root tissues of A. tripolium with increasing substrate
concentration up to 17 000 mg L-1 (Fig. 1B). However tissue Cl concentration increased in
a polynomial manner (Fig. 2B).
Increased salinity resulted in a near-linear decrease of dry mass of leaf blades, leaf
petioles and stolons of H. vulgaris (Fig. 3A). In A. tripolium low NaCl concentration (up
to 50 mM) had no eﬀect on growth of leaves although a progressive decrease in leaf mass
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Fig. 3. Eﬀect of diﬀerent NaCl concentrations on a relative ﬁnal mass of Hydrocotyle vulgaris (A)
and Aster tripolium (B) organs. *, #, +, statistically signiﬁcant diﬀerences from control (P < 0.01) for
a particular species and tissues.

was evident at higher concentrations (Fig. 3B). In contrast low NaCl (up to 100 mM)
stimulated root growth while inhibition was visible only at 400 mM NaCl.
Eﬀect of NaCl on nutrient concentration
Concentration of N increased in all tissues of H. vulgaris treated with 25 to 100 mM NaCl
(Fig. 4A). However only 100 mM NaCl treatment resulted in increase of N concentration
in leaves of A. tripolium (Fig. 4B). In contrast signiﬁcant decrease of N concentration was
found in roots of A. tripolium treated with 25 to 200 mM NaCl. Tissue P concentration of
NaCl-treated H. vulgaris plants showed a concentration-dependent increase (Fig. 5A). In
A. tripolium treated with NaCl P decreased in leaves (25 to 200 mM) while increased in
roots (200 to 400 mM; Fig. 5B).
Response of K concentration in NaCl-treated H. vulgaris plants depended on the
tissues analyzed. While a decrease of K was found in leaf blades, there was a stimulation of
increase in the concentration in leaf petioles by NaCl and no signiﬁcant changes in stolons
(Fig. 6A). In tissues of both leaves and roots of A. tripolium 50 to 100 mM NaCl caused a
small but statistically signiﬁcant decrease of K concentration with a following increase at
higher NaCl (Fig. 6B).
Increased substrate NaCl resulted in a small but statistically signiﬁcant decrease of Ca
concentration in leaf blade tissues of H. vulgaris and increase in leaf petiole tissues (data
not shown). Only nonsigniﬁcant changes were found for both leaf and root tissues of A.
tripolium in respect to Ca concentration. No changes in Mg concentration were observed
in leaf petioles and stolons of H. vulgaris and both leaves and roots of A. tripolium (data
not shown). NaCl caused signiﬁcant decrease in Mg concentration only in leaf blade
tissues of H. vulgaris.
One of most contrasting species-dependent eﬀects of NaCl was found for changes in S
concentration. There was a decrease in S concentration in leaf blades of H. vulgaris treated
with 50 to 100 mM NaCl (Fig. 7A). However the same concentration resulted in increase
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Fig. 4. Eﬀect of diﬀerent NaCl concentrations on relative tissue N concentration in diﬀerent organs
of Hydrocotyle vulgaris (A) and Aster tripolium (B). *, #, +, statistically signiﬁcant diﬀerences from
control (P < 0.01) for a particular species and tissues.

Fig. 5. Eﬀect of diﬀerent NaCl concentrations on relative tissue P concentration in diﬀerent organs
of Hydrocotyle vulgaris (A) and Aster tripolium (B). *, #, +, statistically signiﬁcant diﬀerences from
control (P < 0.01) for a particular species and tissues.

of S level in stolons while in leaf petioles NaCl treatment resulted in more than a two-fold
increase in tissue S concentration. In contrast, S concentration decreased in both leaf and
root tissues of A. tripolium (Fig. 7B).
Similar to macronutrients NaCl treatment resulted in diﬀerent eﬀect in respect to
concentration of various micronutrients in tissues of H. vulgaris and A. tripolium. Only
minor changes due to NaCl treatment were found in Fe concentration in leaf blades
and stolons of H. vulgaris, where 100 mM NaCl slightly stimulated it in the blades while
inhibiting in stolons (Fig. 8A). However, there was linear increase of Fe concentration in
leaf petiole tissues with increasing NaCl concentration. Similarly NaCl treatment resulted
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Fig. 6. Eﬀect of diﬀerent NaCl concentrations on relative tissue K concentration in diﬀerent organs
of Hydrocotyle vulgaris (A) and Aster tripolium (B). *, #, +, statistically signiﬁcant diﬀerences from
control (P < 0.01) for a particular species and tissues.

Fig. 7. Eﬀect of diﬀerent NaCl concentrations on relative tissue S concentration in diﬀerent organs
of Hydrocotyle vulgaris (A) and Aster tripolium (B). *, #, +, statistically signiﬁcant diﬀerences from
control (P < 0.01) for a particular species and tissues.

in increase of Fe concentration in both leaves and roots of A. tripolium (Fig. 8B).
The most pronounced stimulation of mineral concentration by NaCl was found for
Mn. Concentration of Mn increased in all tissues analyzed from both species (Fig. 9A, B).
A maximum increase in H. vulgaris was more than ﬁve-fold in leaf petiole tissues treated
by 100 mM NaCl. In roots of A. tripolium the highest increase (by four times) was observed
for 200 mM NaCl treatment.
No changes in Zn concentration were caused by NaCl in tissues of both H. vulgaris and
A. tripolium (data not shown).
In all tissues of both H. vulgaris and A. tripolium plants treated with NaCl there was an
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Fig. 8. Eﬀect of diﬀerent NaCl concentrations on relative tissue Fe concentration in diﬀerent organs
of Hydrocotyle vulgaris (A) and Aster tripolium (B). *, #, +, statistically signiﬁcant diﬀerences from
control (P < 0.01) for a particular species and tissues.

Fig. 9. Eﬀect of diﬀerent NaCl concentrations on relative tissue Mn concentration in diﬀerent organs
of Hydrocotyle vulgaris (A) and Aster tripolium (B). *, #, +, statistically signiﬁcant diﬀerences from
control (P < 0.01) for a particular species and tissues.

increase in Cu concentration (Fig. 10A, B). However there were no statistically signiﬁcant
changes at 25 to 50 mM NaCl for leaf blades and stolons of H. vulgaris (Fig. 10A) and at 25
to 100 mM and 25 to 50 mM for leaves and roots of A. tripolium, respectively (Fig. 10B).
A slight increase in B concentration was found in A. tripolium leaves at 200 to 400
mM NaCl (data not shown). Tissue Mo concentration showed an increase in leaf petioles
and stolons of H. vulgaris under the eﬀect of NaCl while no changes were visible in A.
tripolium (data not shown).
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Fig. 10. Eﬀect of diﬀerent NaCl concentrations on relative tissue Cu concentration in diﬀerent
organs of Hydrocotyle vulgaris (A) and Aster tripolium (B). *, #, +, statistically signiﬁcant diﬀerences
from control (P < 0.01) for a particular species and tissues.

Discussion
It is generally recognized that increased soil salinity diﬀerently aﬀects concentration of
diﬀerent mineral elements in plant tissues (Romero, Marañón 1996). The presented data
clearly show that the two species studied possess both similar and diﬀerent responses
of nutrient uptake in conditions of elevated salinity, thus reﬂecting a presence/absence
of particular biochemical mechanisms of potential adaptive character. The diﬀerences
in part could be due to diﬀerent levels of salt tolerance in these species. H. vulgaris can
be characterized as relatively salt-tolerant glycophyte with no increase in growth under
elevated salinity (Fig. 3). A. tripolium is a moderately tolerant halophyte where only
growth of underground parts are stimulated at moderate salinity (25 to 100 mM NaCl,
Fig. 3). Consequently, some eﬀects of elevated mineral concentrations under high salinity
might be attributed to maintaining a constant uptake in a situation when growth of the
organ is inhibited, resulting in increase of concentration of a particular mineral (Rinkis et
al. 1989), which could be the case for H. vulgaris in all treatments and A. tripolium at NaCl
higher than 200 mM. In addition, increased concentration of a particular mineral could
be related to maintaining a nutrient balance at elevated Na and Cl concentrations in plant
tissues (Grattan, Grieve 1993).
In respect to NaCl itself it is generally believed that more than 90 % of the Na in
halophytes is located in the shoot (Flowers et al. 1977). In the present study this was the
case for H. vulgaris but not for A. tripolium. At highest substrate NaCl concentration both
leaves and roots of A. tripolium accumulated similar concentrations of both Na and Cl
(Fig. 1, 2). Another diﬀerence between the species in terms of Na and Cl accumulation was
related to saturability of the response in H. vulgaris in contrast to A. tripolium where no
saturation was evident. However it can not be ruled out that concentration of Na and Cl in
tissues of A. tripolium is saturable at higher substrate NaCl concentration.
In terrestrial ecosystems both N as well as P can be growth-limiting macronutrients
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(Aerts, Chapin 2000). Under salt stress conditions, the uptake of N by plants is generally
aﬀected. Reports show both inhibitory (Bernstein 1974; Messedi et al, 2004) and stimulatory
(Sági, Erdei 2005) eﬀects on the plant N uptake under high salinity for diﬀerent species. In
contrast, only minor changes in N uptake were found in NaCl-treated plants in the present
experiments (Fig. 4). While most of the studies demonstrating stimulative eﬀect of salinity
on tissue P concentration were performed in sand or solution cultures (Grattan, Grieve
1993) our results supported the idea that salinity enhances uptake of P by roots (Fig. 5).
This eﬀect was most pronounced for H. vulgaris. These observations were contradictory to
the earlier study by Ullrich-Eberius and Yingchol (1974).
The maintenance of a high cytosolic K/Na concentration ratio is a key requirement for
plant growth in salt (Glenn et al. 1999). Higher K/Na ratio can improve plant resistance
to salinity (Asch et al. 2000). It is widely recognized that a high Na concentration inhibits
K uptake by plants (Grattan, Grieve 1993; Dorsaf et al 2004; Fuchs et al. 2005). On the
other hand, Na appeared to stimulate the K content in several species (Mahmooad 1996;
Basra, Basra 1997). No diﬀerence in K uptake was evident in previous experiments with
A. tripolium leading to signiﬁcant increase in the ratio Na to K (Ramani et al. 2006). In
the vacuole the amount of Na clearly increased with increasing NaCl concentration while
the amount of K was relatively unaﬀected. In contrast, Cooper (1982) found about a
three-fold decrease in K concentration in A. tripolium leaves together with a decline in Ca
content. In the present experiments K concentration increased both in leaves and roots
of A. tripolium and decreased in leaf blades of H. vulgaris under the eﬀect of increasing
NaCl concentration (Fig. 6) thus supporting the idea that a higher K/Na ratio is indeed
associated with higher salinity tolerance and can be regarded as an adaptive response (Ben
Hamed 2008).
Calcium is known to play a special role in tolerance under salinity. Increased
concentration of Ca in cells has a certain protective eﬀect against high NaCl concentration
including minimization of leakage of cytosolic K as well as protection of membrane
integrity against Na replacement of Ca and Mg (Cramer et al. 1988). In the present
experiments no signiﬁcant changes in Ca level were observed indicating that this was
not the case. Reduced accumulation of Ca in leaves and increased in roots is a common
response of halophytic species to increased salinity (Romero, Marañón 1996). In addition
it was suspected that the sensitivity of Arabidopsis plants to 50 mM NaCl was due to
inhibition of K or Ca root transport (Attia et al. 2008). A high K and Ca level could
contribute to osmoprotection (Bohnert et al. 1999). However, it was shown that salinity
caused a decrease in concentrations of K and Ca in wheat plants only at deﬁcient nutrient
solution macronutrient concentrations (Hu, Schmidhalten 1997)
The most striking eﬀect of elevated substrate NaCl was found in respect to Mn
concentration, which increased in all the organs of both species (Fig. 8). Increase of Mn
concentration with salinity has been noted for the annual legume Melilotus segetalis, which
is well adapted to elevated salinity (Romero, Marañón 1996) and for other halophytic plant
species (Williams 1994). It could be assumed that increased uptake of Mn, Fe and Cu with
increasing substrate salinity in the present study is related to equalization of ion uptake.
In contrast to our results, in another study with A. tripolium increased substrate salinity
resulted in a three-fold decrease in shoot K and Mn concentration as well as a statistically
signiﬁcant decrease of Ca and Fe (Cooper 1982). Surprisingly, NaCl treatment in drained
conditions did not result in elevated shoot Na concentration in these experiments.
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Sulfur is a key element in plant stress responses because of a well known role of
glutathione in antioxidative defense (Rausch, Wachter 2005; Baker, Pilbeam 2007). A
striking diﬀerence was found in the present experiments between the studied species in
respect to the eﬀect of increased substrate NaCl on tissue S concentration (Fig. 6). While a
decrease in S content was found in leaves of both species and in root tissues of A. tripolium,
a signiﬁcant increase was evident both in leaf petioles and stolons of H. vulgaris indicating
that the observed changes in the latter case of could be attributed to an indirect eﬀect of
NaCl.
While no general trend was found in the present experiments for the eﬀect of high NaCl
on mineral concentrations in tissues of H. vulgaris and A. tripolium, adaptive responses
leading to maintenance of an optimal supply of mineral nutrients in conditions of high Na
and Cl concentrations in cells can be seen. When the same changes of a particular nutrient
were evident under the eﬀect of elevated substrate NaCl, both in leaves and roots or in leaf
blades and leaf petioles of A. tripolium and H. vulgaris, respectively, where comparable
concentrations of NaCl accumulated, the direct eﬀect of high tissue concentration of Na
and Cl could be expected. In particular, this was the case with signiﬁcantly decreased
concentration of a particular mineral. When considering increased concentration of
particular minerals in tissues at elevated substrate salinity both active equalization of ion
uptake and an eﬀect of growth inhibition-related ion accumulation should be taken in to
the account.
Acknowledgements
The present study was supported by a grant from the University of Latvia.
References
Aerts R., Chapin F.S.III 2000. The mineral nutrition of wild plants revisited: a re-evaluation of
processes and patterns. Adv. Biol. Res. 30: 1–67.
Asch F., Dingkuhn M., Miezan K., Dörﬂing K, 2000. Leaf K/Na ratio predicts salinity induced yield
loss in irrigated rice. Euphytica 113: 109–118.
Attia H., Karray N., Rabhi M., Lachaal M. 2008. Salt-imposed restrictions on the uptake of
macroelements by roots of Arabidopsis thaliana. Acta Physiol. Plant. 30: 723–727.
Basra A.S., Basra K.R. 1997. Mechanisms of Environmental Stress Resistance in Plants. CRC Press.
407 p.
Ben Hamed K., Messedi D., Ranieri A., Abdelly C. 2008. Diversity in the response of two potential
halophytes (Batis maritima and Crithmum maritimum) to salt stress. In: Abdelly C. (ed) Biosaline
Agriculture and High Salinity Tolerance. Birkhäuser, Basel, pp. 71–80
Bernstein L., Francois L.E., Clark R.A. 1974. Interactive eﬀects of salinity and fertility on yields of
grains and vegetables. Agronomy J. 66: 412–421.
Chapin F.S.III 1980. The mineral nutrition of wild plants. Annu. Rev. Ecol. Syst. 11: 233–260.
Cooper A. 1982. The eﬀects of salinity and waterlogging on the growth and cation uptake of salt
marsh plants. New Phytol. 90: 263–275.
Cramer G.R., Epstein E., Läuchli A. 1988. Kinetics of root elongation of maize in response to shortterm exposure to NaCl and elevated calcium concentration. J. Exp. Bot. 39: 1513–1522.
Dorsaf M., Nehla L., Claude G., Chedly A. 2004. Limits imposed by salt to the growth of the halophyte
Sesuvium portulacastrum. J. Plant Nutr. Soil Sci. 167: 720–725.
Flowers T.J., Troke P.F., Yeo A. R. 1977. The mechanism of salt tolerance in halophytes. Annu. Rev.
Plant Physiol. 28: 89–121.

176

A. Karlsons, A. Osvalde, J. Ņečajeva, G. Ievinsh

Fuchs I., Stölzle S., Ivashikina N., Hedrich R. 2005. Rice K+ uptake channel OsAKT1 is sensitive to
salt stress. Planta 221: 212–221.
Glenn E.P., Olsen M., Frye R., Moore D., Miyamoto S. 1994. How much sodium accumulation
is necessary for salt tolerance in subspecies of the halophyte Atriplex canescens L. Plant Cell
Environ. 17: 711–719.
Grattan S.R., Grieve C.M. 1993. Mineral nutrient acquisition and response by plants grown in saline
environments. In: Pessarakli M. (ed) Handbook of Plant and Crop Stress. Marcel Dekker, New
York, pp. 203–226.
Hasegawa P.M., Bressan R.A., Zhu J.-K., Bohnert H.J. 2000. Plant cellular and molecular responses to
high salinity. Annu. Rev. Plant Physiol. Plant Mol. Biol. 51: 463–499.
Haswell S.J. 1991. Atomic Absorption Spectrometry: Theory, Design and Applications. Elsevier.
Amsterdam.
Hu Y., Schmidhalter U. 1997. Interactive eﬀects of salinity and macronutrient level on wheat. 2.
Composition. J. Plant Nutr. 20: 1169–1182.
Klavina D., Gailite A., Ievinsh G. 2006. Initial responses of explants from rare and endangered coastal
plants during initiation of tissue culture. Acta Univ. Latv. 710: 81–91.
Levine J.M., Brewer J.S., Bertness M.D. 1998. Nutrients, competition and plant zonation in a New
England salt marsh. J. Ecol. 86: 285–292.
Mahmood K, Malik K.A., Lodhi M.A.K., Sheikh K.H. 1996. Seed germination and salinity tolerance
in plant species growing on saline wastelands. Biol. Plant. 38: 309–31??.
Patnaik P. 1997. Handbook of Environmental Analysis. CRC Press. 584 p.
Pennings S.C., Grant M.-B., Bertness M.D. 2005. Plant zonation in low-latitude salt marshes:
distangling the roles of ﬂooding, salinity and competition. J. Ecol. 93: 159–167.
Pitman M.G., Läuchli A. 2002. Global impact of salinity and agricultural ecosystems. In: Läuchli
A., Luttge U. (eds) Salinity: Environment – Plants – Molecules. Kluwer Academic Publishers,
Dordrecht, pp. 3–20.
Ramani B., Reeck T., Debez A., Stelzer R., Huchzemeyer B., Scmidt A., Papenbrock J. 2006. Aster
tripolium L. and Sesuvium portulacastrum L.: two halophytes, two strategies to survive in saline
habitats. Plant Physiol. Biochem. 44: 395– 408.
Rausch T., Wachter A. 2005. Sulfur metabolism: a versatile platform for launching defence operations.
Trends Plant Sci. 10: 503–509.
Rinkis G., Ramane H., Kunicka T. 1987. Methods of Soil and Plant Analysis. Zinatne, Riga. (in
Russian)
Rinkis G., Ramane H., Paegle G., Kunicka T. 1989. System of Optimization and Diagnostic Methods of
Plant Mineral Nutrition. Zinatne, Riga. (in Russian)
Romero J.M., Marañón T. 1996. Allocation of biomass and mineral elements in Meliotus segetalis
(annual sweetclover): eﬀects of NaCl salinity and plant age. New Phytol. 132: 565–573.
Rozema J., Blom B. 1977. Eﬀects of salinity and inundation on the growth of Agrostis stolonifera and
Juncus gerardii. J. Ecol. 65: 213–222.
Sági B., Erdei L. 2005. Adaptive responses to high salinity of two subspecies of Aster tripolium on
diﬀerent nitrogen sources. Acta Biol. Szeged. 49: 115–116.
Ullrich-Eberius C.I., Yingchol Y. 1974. Phosphate uptake and its pH-dependence in halophytic and
glycophytic algae and higher plants. Oecologia 17: 17–26.
Williams T.P., Bubb J.M., Lester J. 1994. The occurrence and distribution of trace metals in halophytes.
Chemosphere 28: 1189–1199.

Nutritional status of coastal plants at elevated salinity

177

Minerālā statusa izmaiņas piekrastes augiem Hydrocotyle vulgaris un
Aster tripolium paaugstināta augsnes sāļuma ietekmē
Andis Karlsons1, Anita Osvalde1, Jevgenija Ņečajeva2, Ģederts Ieviņš2
Minerālās barošanās laboratorija, LU Bioloģijas institūts, Miera 3, Salaspils LV-2169, Latvija
Augu ﬁzioloģijas katedra, Latvijas Universitātes Bioloģijas fakultāte, Kronvalda bulv. 4, Rīga
LV-1586, Latvija
*Korespondējošais autors, E-pasts: andis_@one.lv
1
2

Kopsavilkums

Darba mērķis bija izpētīt paaugstināta NaCl satura substrātā ietekmi uz minerālvielu
koncentrāciju divu jūras piekrastes augu Hydrocotyle vulgaris un Aster tripolium audos.
Paaugstinātais substrāta sāļums, ko panāca, laistot augus ar NaCl šķīdumu, izsauca Na
un Cl jonu uzkrāšanos abu pētīto augu sugu audos. H. vulgaris lapu plātnēs un kātos
gan Na, gan Cl koncentrācija bija piesātināma. Pretēji tam, Na un Cl koncentrācija A.
tripolium lapu un sakņu audos pieauga, palielinoties to koncentrācijai substrātā. N un P
koncentrāciju atšķirīgi ietekmēja pieaugošs substrāta NaCl daudzums: N un P līmenis
palielinājās H. vulgaris audos, N koncentrācija samazinājās , bet P koncentrācija – pieauga
A. tripolium saknēs. NaCl ietekme uz S saturu bija pretēja abām pētītajām sugām – tas
pieauga H. vulgaris lapu kātos un stolonos, bet samazinājās gan A. tripolium lapās, gan
saknēs. Visizteiktākais pieaugums NaCl ietekmē bija novērojams attiecībā uz Mn. Cu
koncentrācijas pieaugums bija raksturīgs abu sugu visiem audiem, bet Fe koncentrācija
pieauga A. tripolium, kā arī H. vulg
vulgaris lapās. Var secināt, ka pētāmajiem augiem piemīt
iespējami adaptīvas reakcijas, kas vērstas uz optimāla minerālvielu satura nodrošināšanu
iespē
augstas šūnu Na un Cl koncentrācijas apstākļos.

