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In the present investigation, we studied uptake and management of the major cations in the xerohalophyte,
Tecticornia indica (Willd.) subsp. indica as subjected to salinity. Plants were grown under greenhouse
conditions at various salinity levels (0, 100, 200 and 400 mM NaCl) over 110 days. At harvest, they were
separated into shoots and roots then analyzed for water contents, dry weights (DW), and Na*, K*, Ca?",
and Mg?" contents. Plants showed a growth optimum at 200 mM NaCl and much better tissue hydration
under saline than non-saline conditions. At this salt concentration (200 mM NaCl), shoot Na* content
reached its highest value (7.9 mmol-g~' DW). In spite of such stressful conditions, salt-treated plants
maintained adequate K*, Ca?*, and Mg?" status even under severe saline conditions. This was mainly due
to their aptitude to selectively acquire these essential cations and efficiently use them for biomass produc-
tion.

Keywords.: Biomass production — cation/sodium selectivity — Na-hyperaccumulation — nutrient use effi-
ciency — xerohalophyte

INTRODUCTION

Halophytes are plants naturally subjected to high salinity levels that could be lethal
for most cultivated plants [4]. Greenway and Munns [12] distinguished dicotyledene-
ous halophytes able to grow at 200 to 500 mM NaCl from monocotyledeneous ones
that show a decrease in their growth rate even at 100 mM NaCl. The major differ-
ences between them are mainly due to their cell water contents and consequently their
vacuolar volume. Dicotyledeneous halophytes can maintain higher sodium contents
and Na™/K™ ratios since they can accumulate the major part of sodium in vacuoles and
require relatively low potassium amounts for metabolism [9]. Nevertheless, differ-
ences in halophyte adaptive strategies exist even within the same family [35]. For
instance, Chenopodiaceae differ from each other by their aptitude to absorb sodium
and their shoot Na*/K* ratio [30]. The Chenopodiaceae Tecticornia indica (Willd.)
subsp. indica (also called Artrocnemum indicum (Willd.) Moq., Salicornia indica
Willd., and Halosarcia indica (Willd.) Paul G. Wilson) is one of the fodder xero-

* Corresponding author; e-mails: mokdedrabhi@yahoo.fr; mokded.rabhi@gmail.com

0236-5383/8 20.00 © 2010 Akadémiai Kiadé, Budapest



Nutritional behavior of T. indica under salinity 487

halophytic species appreciated by dromedary livestock, and occasionally bovines
[20]. In saline ecosystems, the tufts of this perennial species offer to several annual
glycophytes a favorable microhabitat to grow and considerably contribute to the
annual productivity [1]. Dealing with halophyte uses, Koyro et al. [19] said that in the
light of the progressive shortage of fresh water resources and soil salinization, a major
aim is to evaluate the potential of local (xero-) halophytic species to be widely and
economically used in arid and semi-arid regions. In this context, 7. indica subsp.
indica is considered as a potential oilseed plant [36]. Moreover, we showed in a pre-
vious work that it exhibited a relatively high phytodesalination capacity in its natural
biotope as well as in pot experiments [29]. It is, therefore, crucial to study the nutri-
tional behavior of this species under long-term salt treatment.

MATERIALS AND METHODS
Plant growth conditions

T. indica subsp. indica cuttings were taken from plants grown in their natural biotope,
Soliman sabkha (N-E Tunisia) and immediately transplanted onto sand for rooting.
An initial harvest was performed for 12 of the obtained seedlings (4—5 cm of length)
and 48 others were cultivated on sand under greenhouse conditions (25+6 °C/10+
3 °C day/night temperature, 60+5%/90+5% day/night relative humidity, 14 h/10 h
light/dark regime, and 1000-1200 pmol-m~2-s~! PAR). Each 12 plants were irrigated
with Hewitt’s [14] nutrient solution at 0, 100, 200, or 400 mM NaCl.

Post-harvest treatment

After 110 days of treatment, plants were harvested, separated into shoots and roots,
weighed, oven-dried over one week at 70 °C, weighed again then ground. Nutrient
extraction from the obtained powder was performed by a 0.5% HNOj; solution. Ca?*
and Mg?* contents were measured by a VARIAN 220 FS atomic absorption spectro-
photometer (Varian, SpectrAA 220FS, Mulgrave, Australia) in the HNO; extractions.
K* and Na* contents were determined by a Corning 480 flame photometer (Corning
Medical and Scientific. Ltd., Halstead, Essex, England) in the same extractions. K*
and Na™ solutions with adequate known concentrations (6 for each cation) were previ-
ously prepared by dissolving appropriate KCI and NaCl amounts in a 0.5% HNO;
solution. K* and Na* concentrations ranged from 0 to 10 mg-1-' and from 0 to 30
mg- 1!, respectively. These solutions were used to calibrate the Corning spectropho-
tometer. The lowest concentration (0 mg-1-!) was used for “0” and the highest one
(10 or 30 mg- 1! depending on the concerned cation) was used for “100”. A standard-
izing linear curve was drawn for each of the two minerals and its slope was used to
calculate mineral concentrations in the extracts. For readings over 100, adequate dilu-
tions were performed.
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Calculated parameters

Relative growth rate (RGW) was calculated according to Hunt’s [15] equation:
RGR = (In DW,—In DW,)/(t,—t;), with DW = total plant dry weight (mg), t = time
(d), and the subscripts 1 and 2 = initial and final harvests.

The selective accumulations of each cation over Na* were estimated through the
calculation of cation/(cation + Na™) ratios in plant organs and their comparison with
those of the nutrient medium for each treatment [13].

Nutrient uptake efficiency was determined as the following ratio: UpE = (Q,—Q,)/
RDW, with (Q,—Q,) = the quantity of the nutrient taken up between the initial and
the final harvests (110 d), and RDW the mean root dry weight during the same period
calculated as follows: RDW = (DW,—DW,)/(In DW,—In DW,) [31].

For each nutrient, use efficiency (UsE) was estimated as the following ratio:
changes in biomass accumulation to changes in nutrient accumulation over the treat-
ment period (110 d) [28].

The flux of each cation from the medium to plant roots was calculated according
to Pitman [28]:

Fur= (Q,—Q;)/RDW* (t,—t,) = UpE/(t,—t,), with (t;—t,) the treatment period
(from the initial to the final harvest).

Statistical analysis

Two kinds of analysis were realized using SPSS 11.0 for Windows:

1. A variance analysis of data (One-way ANOVA): means being separated accord-
ing to Duncan’s test at P < 0.05.

2. A study of relationships between water and sodium contents in shoots and roots
by Pearson’s correlations.

RESULTS
Biomass production and tissue hydration

Shoot dry weights (DW) increased with the increasing salinity up to 200 mM NaCl,
the optimal concentration at which it reached 166% of the control (Table 1). At the
highest salinity level (400 mM NaCl), however, shoot growth showed no difference
with that of non-treated plants. Similar variations were observed in RGR although
results exhibited no significant difference between plants exposed to 100 and 200 mM
NaCl. Roots, organs directly in contact with Na* and CI™ ions in the medium, did not
show an enhancement in their growth under saline conditions (Table 1). On the con-
trary, a significant decline in their DW was obtained at 400 mM NacCl. Actually, their
RGR decreased from 24.2-25.1 mg-g! DW-d ! under non-saline and moderate
saline conditions to 20.1 mg-g! DW-d' under severe salinity. This difference
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Table 1
Shoot and root water contents (H,O) and growth parameters in 7. indica subsp. indica plants
grown under greenhouse conditions at 0, 100, 200, and 400 mM NaCl over 110 days

NaCl (mM) | 0 | 100 200 400
Shoots (Sh)
DW (g-plant™) 1.21¢ 1.67° 2,018 1.21¢
RGR (mg-g! DW-d) 25.3 287 30.1° 2528
H,0 (ml-g! DW) 4.920 7.06 7.98¢ 7.83¢
Roots (R)
DW (g-plant™) 0.35b 0.34> 0.38> 0.212
RGR (mg-g!' DW-d 1) 24.2b 24.4b 25.1b 20.12
H,0 (ml-g ' DW) 3.38 6.90 6.70 7.76
Whole plant
DW (g-plant™) 1.552 2.01b 2.39b 1.432
RGR (mg-g! DW-d ) 25.22 27.8° 29.1° 24.32
Root/shoot ratio
DW 0.31° 0.212 0.192 0.192
RGR 0.96¢ 0.85P 0.832 0.802

Values are means of 12 replicates. Those with different letters are significantly different according to
Duncan’s test at P<0.05. DW: dry weight and RGR: relative growth rate.

between shoot and root responses to salinity led to a reduction in root/shoot ratio
calculated on the basis of DW or RGR. In addition to the beneficial salt effect in terms
of biomass production, it significantly ameliorated tissue hydration. In salt-treated
plants, water contents varied from 144 to 162% of the control in shoots and from 198
to 230% in roots (Table 1).

Sodium accumulation and nutrient acquisition and distribution
Sodium accumulation

A gradual increase in Na* contents with the increasing salinity was observed in both
shoots and roots, but the former reached their maximum at 200 mM NaCl, whereas
the latter continued to increase up to 400 mM NacCl (Table 2). In addition, for each
treatment, shoot sodium contents were about 3-fold those of roots, reaching at 200
and 400 mM NaCl 7.9 versus 2.7-3.1 mmol-g~' DW. T indica subsp. indica exhib-
ited an increasing Na* flux from the medium to roots with the increasing salinity up
to 200 mM NacCl. This was due to the gradual enhancement of Na* uptake efficiency
(UpE) as salt concentration augmented, reaching 132.2 mmol- g~! root DW at 200 mM
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Fig. 1. Correlations between water and sodium contents in shoots (A) and roots (B) of 7. indica subsp.
indica plants grown under greenhouse conditions at 0, 100, 200, and 400 mM NaCl over 110 days. Points
are individual values. Pearson’s correlations are significant at 0.01 level

Table 2
Sodium absorption and accumulation parameters in 7. indica subsp. indica plants grown under
greenhouse conditions at 0, 100, 200, and 400 mM NaCl over 110 days

NaCl (mM) 0 100 200 400
Shoot content (mmol-g~' DW) 2.512 5.92b 7.90¢ 7.92¢
Root content (mmol-g~! DW) 0.562 2.48b 2.73b¢ 3.10¢
Shoot quantity (mmol - shoot™) 2.922 9.67° 15.52¢ 9.48
Root quantity (mmol - root™") 0.20? 0.86b¢ 0.93¢ 0.70b
Fyg (mmol-d'- g1 root DW) 0.222 0.79> 1.204 1.02¢
UpE (mmol- g! root DW) 24.222 86.83P 132.24 112.6°

Values are means of 6 replicates. Those followed by different letters are significantly different accord-
ing to Duncan’s test at P<0.05. Fy;z: medium-root flux, UpE: uptake efficiency.

NaCl (Table 2). Under severe salinity conditions (400 mM NacCl), a slight decrease
in these two parameters was observed. Therefore, the highest shoot sodium quantity
(15.52 mmol) was found in plants treated with 200 mM NaCl. Root Na* quantities
were much lower than those of shoots and showed the highest value at the same salt
concentration (Fig. 1). Nevertheless, a high positive correlation between water and
sodium content was observed in both shoots and roots (Fig. 1).

Potassium acquisition, distribution, and use

Under non-saline conditions, shoot and root K* contents were 6.7 and 2.2 mmol - g
DW, respectively (Table 3). Under saline conditions, an obvious decrease in shoot
contents with the increasing salinity was noticed, whereas no significant variation

was observed in those of roots. As a consequence, accumulated quantities were
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Table 3

Potassium status parameters in 7. indica subsp. indica plants grown under greenhouse conditions
at 0, 100, 200, and 400 mM NaCl over 110 days

NaCl (mM) 0 100 200 400
Shoot content (mmol-g~' DW) 6.65¢ 3.60° 2.94b 2.00¢
Root content (mmol-g~! DW) 2.182 2.162 2.028 2.032
AQ (mmol - plant™) 8.24¢ 6.34b 6.28P 2.592
Fyr (mmol-d'-g! root DW) 0.66¢ 0.50° 0.46° 0.272
UpE (mmol- g! root DW) 72.25¢ 54.60° 51.07° 29.502
UsE (g*mmol) 0.172 0.320 0.40¢ 0.554

Values are means of 6 replicates. Those followed by different letters are significantly different accord-
ing to Duncan’s test at P<0.05. AQ: absorbed quantity within the whole plant over the treatment period,
Fyr: medium-root flux, UpE: uptake efficiency, UsE: use efficiency.

reduced by 23% at moderate salinity level (100—200 mM NaCl) and 66% at severe
level (400 mM NacCl). Actually, its influx into roots (Fyr) gradually decreased with
salinity from 0.66 mmol-d-'-g! root DW in the control to 0.27 mmol-d-!- g root
DW at 400 mM NaCl. This was due to a similar gradual diminution in root potassium
UpE. Facing such stressing conditions, salt-treated plants considerably enhanced their
K* use efficiency (UsE) with the increasing salinity, reaching at the highest salt level
more than 3 times that of the control (Fig. 2A).

Calcium acquisition, distribution, and use

In control plants, Ca®* ions were equally distributed within tissues showing contents
of 0.44 and 0.40 mmol- g DW in roots and shoots, respectively (Table 4). Salt pres-
ence in the medium reduced shoot calcium contents by 26—30% as compared to the

Table 4
Calcium status parameters in 7. indica subsp. indica plants grown under greenhouse conditions
at 0, 100, 200, and 400 mM NaCl over 110 days

NaCl (mM) 0 100 200 400
Shoot content (mmol-g~! DW) 0.44b 0.332 0.312 0.30°
Root content (mmol-g~! DW) 0.40? 0.412 0.40? 0.392
AQ (mmol - plant 1) 0.58> 0.61% 0.66° 0.382
Fyg (mmol-d'- g1 root DW) 0.046° 0.47% 0.049> 0.0392
UpE (mmol-g! root DW) 5.04b 5.21b 5.43b 4312
UsE (g mmol ") 2.482 3.31b 3.68P 3.70P

Values are means of 6 replicates. Those followed by different letters are significantly different accord-
ing to Duncan’s test at P<0.05. AQ: absorbed quantity within the whole plant over the treatment period,
Fyr: medium-root flux, UpE: uptake efficiency, UsE: use efficiency.
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control, those of roots being non-affected even at 400 mM NacCl. In terms of absorbed
quantities, only the highest salt level induced a significant decrease, while the highest
value was found at 200 mM NaCl although differences with those of 0 and 100 mM
NaCl were not statistically significant. Fy;z and UpE exhibited a slight and non-sig-
nificant increase up to 200 mM NaCl then obviously declined, indicating a noticeable
detrimental effect of severe salinity on calcium absorption. Plant use efficiency of this
nutrient experienced a significant improvement, mainly at 200 and 400 mM NaCl

(Fig. 2B).

A —*—edium
— 8 Shoots
0.3 —A&—Roots

K'/(K'+Na') ratio

Ca®*/(Ca*"+Na') ratio

Mg®*/(Mg**+Na") ratio

NaCl, mM

Fig. 2. (A) K*/(K*+Na") ratios in the medium and in shoots and roots of 7. indica subsp. indica plants

grown under greenhouse conditions at 0, 100, 200, and 400 mM NaCl over 110 days. Points are means

of 6 replicates + standard error. — (B) Ca?"/(Ca?"+Na") ratios in the medium and in shoots and roots of 7.

indica subsp. indica plants grown under greenhouse conditions at 0, 100, 200, and 400 mM NacCl over

110 days. Points are means of 6 replicates + standard error. — (C) Mg?*/(Mg2*+Na") ratios in the medium

and in shoots and roots of T indica subsp. indica plants grown under greenhouse conditions at 0, 100,
200, and 400 mM NaCl over 110 days. Points are means of 6 replicates + standard error
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Magnesium acquisition, distribution, and use

Shoots of control plants exhibited a magnesium content of 0.18 mmol-g-! DW
(Table 5). This value decreased in salt-treated plants as salt concentration increased
in the medium, being reduced at 400 mM NaCl by 50%. In roots, the reduction (27%)
was less pronounced. The quantities of this nutrient absorbed during the treatment
period were gradually decreased with salinity. This was concomitant with a progres-
sive diminution of both Fy;z and UpE up to 200 mM NacCl. At the highest salt level,
however, these two parameters slightly increased again without reaching the values
of the control. To overcome this magnesium shortage, salt-treated plants showed a
noticeable increase of its UsE. The highest value was obtained at 200 mM NaCl
(15.76 g DW -mmol!) (Fig. 2C).

Table 5
Magnesium status parameters in 7. indica subsp. indica plants grown under greenhouse conditions
at 0, 100, 200, and 400 mM NaCl over 110 days

NaCl (mM) 0 100 200 400
Shoot content (mmol-g-! DW) 0.18¢ 0.13> 0.12b 0.092
Root content (mmol-g! DW) 0.12b 0.10? 0.092 0.082
AQ (mmol -plant ™) 0.23¢ 0.175 0.15b 0.120
Fyp (mmol-d-! - ¢! root DW) 0.018¢ 0.013b 0.0120 0.012:b
UpE (mmol- g! root DW) 1.98¢ 1.44b 1.272 1.35®
UsE (g DW-mmol™) 6.282 11.98b 15.76¢ 11.80°

Values are means of 6 replicates. Those followed by different letters are significantly different accord-
ing to Duncan’s test at P<0.05. AQ: absorbed quantity within the whole plant over the treatment period,
Fyr: medium-root flux, UpE: uptake efficiency, UsE: use efficiency.

DISCUSSION

Moderate salinity (100-200 mM NaCl) induced a marked stimulation in biomass
production of 7. indica subsp. indica, indicating its strict halophytic behavior
(Table 1). At 400 mM NacCl, no difference comparing with the control was observed.
This makes such a salt concentration the salinity threshold in this species under our
experimental conditions. Nagarajan et al. [27] found that growth of 7. indica subsp.
indica increased up to 300 mM NaCl. Over this concentration, biomass production of
T indica subsp. indica noticeably decreased. In Arthrocnemum macrostachyum,
shoot biomass showed the highest values at 200 to 400 mM NacCl, but it was inhib-
ited at salinities of 600 mM NacCl or higher [17]. The beneficial salt effect on 7. indi-
ca subsp. indica growth was more noticeable in shoots than in roots. Similar results
were also found by Messedi et al. [25] in Sesuvium portulacastrum as subjected to up
to 400 mM NaCl. However, although T indica subsp. indica maintained a high abil-
ity to produce biomass even under severe salinity conditions, it exhibited a low RGR,
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which is probably related with its high salinity tolerance [18]. Flowers and Colmer
[7] stated also that the RGR values of 7. indica subsp. indica were low.

Under saline conditions, 7. indica subsp. indica exhibited also a better tissue
hydration in both shoots and roots (Table 1). This suggests the use of Na* ions in
osmotic adjustment, mainly in shoots [26]. This hypothesis was confirmed by the
existence of high correlations between water and sodium contents in these organs
(Fig. 1). Similar results were also found by Sleimi and Abdelly [34] and Messedi et
al. [24]. In addition, Nagarajan et al. [27] observed an increase in shoot proline con-
tent with the increasing salinity in 7. indica subsp. indica. The property to use Na* in
osmotic adjustment within shoots conferred to this halophyte a better water status,
suggesting the requirements of this element for an adequate physiological function of
photosynthetic organs. Another less obvious process of sodium sequestration in vacu-
oles was also proved by a relatively high correlation between water and sodium
contents in roots (Fig. 1). The aptitude of 7. indica subsp. indica to substitute potas-
sium with sodium in osmotic adjustment offered it a better management of the
absorbed K* quantities by their use only in biomass production [33]. A possibility of
remobilization of this essential nutrient from old leaves was also signaled by Ben
Hamed et al. [2], since it is with high mobility within phloem sap in which it repre-
sents about 80% of the whole cations [23].

In addition to this adaptive response to salinity, salt-treated plants showed high
accumulation K/Na selectivity. Actually, K*/(K*+Na") ratios measured in their shoots
and roots were, respectively, 8—16 and 10-31 those of the medium (Fig. 2A). Our
results are in agreement with those obtained in Hordeum maritimum L. by Hafsi et al.
[13]. These authors attributed such a response to a salt induction of specific K*
absorption systems. Actually, Maathuis and Sanders [22] demonstrated that the activ-
ity of root potassium transporters can be repressed or induced according to plant K*
status. But, despite the high K/Na absorption selectivity, potassium absorbed quanti-
ties as well as K™ flux from the medium to roots were significantly reduced by salin-
ity. This resulted in an obvious decline in K* contents within tissues mainly in shoots.
Salt impact on the uptake of this macronutrient has often been attributed to a Na*
antagonist effect. In this context, it was demonstrated that potassium transporters are
also responsible for sodium influx into root cells [5, 16]. These transporters belong at
least to two different mechanisms: a high affinity absorption system induced at the
micromolar range and a low affinity system induced at the micromolar range [6].

Calcium status was less affected than potassium status. Ca>* UpE was not affected
by moderate salinity and showed significant decrease (85% of the control) only at
400 mM NaCl (Table 4). Nevertheless, salt-treated plants maintained an adequate
supply of their tissues with this macronutrient. Actually, tissue Ca>*/(Ca**+Na")
ratios, particularly in roots, remained obviously higher than those of the medium in
each treatment. This clearly indicates a selective uptake of Ca?" towards Na" ions
(Fig. 2B), since calcium uptake has been often shown to decrease because of ion
interaction (mainly sodium antagonism) and precipitation processes [10]. It is thought
that Na* inhibits Ca?" radial transport from the medium to root xylem through a satu-
ration of cation exchange sites [21]. But such an effect seems to appear in 7. indica
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subsp. indica only at the highest salt level. In addition, all salt-treated plants consider-
ably enhanced their efficiency to use this nutrient (Table 4), although it was shown to
be more required under saline conditions [8].

Magnesium nutrition was more affected than that of calcium. Actually, all treated
plants exhibited lower shoot and root Mg?* contents than the control, since the effi-
ciency of their roots to take it up was significantly affected, reaching the lowest value
at 200 mM NaCl (Table 5). Nevertheless, the halophyte exhibited a high accumula-
tion selectivity of Mg?" over Na* ions in roots as well as in shoots (Fig. 2C). More-
over, it improved its Mg?* use efficiency, particularly at 200 mM NaCl (Table 5).
In the literature, little importance is often given to magnesium nutrition [11]. Ruiz et
al. [32] postulated that salinity reduced leaf Mg?" content in Citrus. On the contrary,
Bernstein et al. [3] found in several species that increasing NaCl concentrations in the
medium had no effect on these contents. Actually, the competition between Mg?" and
Na* is less pronounced than that between Mg?* and Ca®* [11].

CONCLUSION

T. indica subsp. indica experienced an obligate halophytic behavior and showed a
growth optimum at 200 mM NaCl. Its tissue hydration was obviously enhanced due
to salinity thanks to its ability to use sodium ions as inorganic osmolytes and conse-
quently to keep potassium ions for biomass production. In addition to the “includer”
strategy adopted for Na* two main traits characterized the nutritional behavior of this
species under saline conditions. On one hand, it showed high cation/Na selectivity
allowing it to acquire potassium, calcium, and magnesium despite the high sodium
concentrations in the medium, in particular at 400 mM NaCl. On the other hand, it
enhanced nutrient use efficiency, especially that of K*.

REFERENCES

—

. Abdelly, C., Lachaal, M., Grignon, C., Soltani, A., Hajji, M. (1995) Association épisodique d’halophy-
tes stricts et de glycophytes dans un écosystéme hydromorphe salé en zone semi-aride. Agronomie 15,
557-568.
2. Ben Hamed, K., Debez, A., Chibani, F., Abdelly, C. (2004) Salt response of Crithmum maritimum, an
oleagineous halophyte. Trop. Ecol. 45, 151-159.

3. Bernstein, L., Frangois, L. E., Clark, R. A. (1974) Interactive effects of salinity and fertility on yields
of grains and vegetables. Agron. J. 66, 412-421.

4. Binet, P. (1999) Halophytes. In: Michel, A. (ed.) Dictionnaire de la botanique. Encyclopaedia
Universali. Paris, pp. 549-553.

5. Cramer, G. R., Lynch, J., Latichli, L., Epstein, E. (1987) Influx of Na, K and Ca into roots of salt-
stressed cotton seedlings. Plant Physiol. 83, 510-516.

6. Epstein, E., Rains, D. W., Elzam, O. E. (1963) Resolution of dual mechanisms of potassium absorp-
tion by barley roots. Proc. Natl. Acad. Sci. USA 49, 684—692.

7. Flowers, T. J., Colmer, T. D. (2008) Salinity tolerance in halophytes. New Phytol. 179, 945-963.

8. Gerard, C. J. (1971) Influence of osmotic potential, temperature, and calcium on growth of plant roots.

Agron. J. 63, 555-558.

Acta Biologica Hungarica 61, 2010



496 M. RABHI et al.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Glenn, E. P., Brown, J. J., Blumwald, F. (1999) Salt tolerance and crop potential of halophytes. Crit.

Rev. Plant Sci. 18, 227-255.

Grattan, S. R., Grieve, C. M. (1992) Mineral element acquisition and growth response of plants grown
in saline environments. Agric. Ecosyst. Envir. 38, 275-300.

Grattan, S. R., Grieve, C. M. (1999) Salinity-mineral nutrient relations in horticultural crops. Sci.
Hort. 78, 127-157.

. Greenway, H., Munns, R. (1980) Mechanisms of salt tolerance in non-halophytes. Ann. Rev. Plant

Physiol. 31, 149-190.

Hafsi, C., Lakhdar, A., Rabhi, M., Barhoumi, Z., Abdelly, C., Ouerghi, Z. (2007) Interactive effects
of NaCl and potassium availability on growth, water status, and mineral nutrition of Hordeum
maritimum. J. Plant Nutr. Soil Sci. 170, 469-473.

Hewitt, E. J. (1966) Sand and water culture methods used in the study of plant nutrition. Commonw.
Bur. Hortic. Tech. Commun. 22, 431-446.

Hunt, R. (1990) Basic Growth Analysis. Plant Growth Analysis for Beginners. Unwin Hyman,
London.

Kao, W. Y., Tsai, H. C., Tsai, T. T. (2001) Effect of NaCl and nitrogen availability on growth and
photosynthesis of a mangrove species, Kandelia candel L. Druce seedlings. J. Plant Physiol. 158,
841-846.

Khan, M. A., Ungar, I. A., Showalter, A. M. (2005) Salt stimulation and tolerance in an intertidal
stem-succulent halophyte. J. Plant Nutr. 28, 1365-1374.

Koyro, H. W. (2006) Effect of salinity on growth, photosynthesis, water relations and solute composi-
tion of the potential cash crop halophyte Plantago coronopus (L.). Environ. Exp. Bot. 56, 136-146.
Koyro, H. W., Geibler, N., Hussin, S., Huchzermeyer, B. (2008) Survival at extreme locations: Life
strategies of halophytes — The long way from system ecology, whole plant physiology, cell biochem-
istry and molecular aspects back to sustainable utilization at field sites. In: Abdelly, C., Ashraf, M.,
Oztiirk, M., Grignon, C. (ed.) Biosaline Agriculture and Salinity Tolerance in Plants. Birkhadser
Verlag AG, pp. 241-246.

Le Houérou, H. N., Ionesco, T. (1973) Appétibilité des espéces végétales de la Tunisie steppique.
AG-TUN 71/525, FAO, Rome.

Lynch, J., Lauchli, A. (1985) Salt stress disturbs the calcium nutrition of barley (Hordeum vulgare L.).
New Phytol. 99, 345-354.

Maathuis, F. J. M., Sanders, D. (1996) Mechanisms of potassium absorption by higher plant roots.
Physiol. Plant. 96, 158—168.

Mengel, K., Kirkby, E. A. (1982) Principles of Plant Nutrition. 3rd ed. International Potash Institute,
Bern, Switzerland.

Messedi, D., Labidi, N., Grignon, C., Abdelly, C. (2004) Limits imposed by salinity to the growth of
the halophyte Sesuvium portulacastrum. J. Plant Nutr. Soil Sci. 167, 720-725.

Messedi, D., Sleimi, N., Abdelly, C. (2003) Some physiological and biochemical aspects of salt toler-
ance of Sesuvium portulacastrum. In: Lieth, H. (ed.) Cash Crop Halophytes: Recent Studies. Kluwer
Academic Publishers, pp. 71-77.

Munns, R., Tester, M. (2008) Mechanisms of salt tolerance. Annu. Rev. Plant Biol. 59, 651-681.
Nagarajan, D., Sivasankaramoorthy, S., Venkatesan, A. (2008) Salinity tolerance on growth and
organic content of Arthrocnemum indicum Mogq. Plant Arch. 8, 245-248.

Pitman, M. G. (1971) Uptake and transport of ions in barley seedlings. I. Estimation of chloride
fluxes in cells of excised roots. Aust. J. Biol. Sci., 24, 407-421.

Rabhi, M., Hafsi, C., Lakhdar, A., Hajji, S., Barhoumi, Z., Hamrouni, M. H., Abdelly, C., Smaoui, A.
(2009) Evaluation of the capacity of three halophytes to desalinize their rhizosphere as grown on
saline soils under non-leaching conditions. Af#: J. Ecol. 47, 463-268.

Reinmann, C., Breckle, S. W. (1993) Sodium relations in Chenopodiaceae. Plant Cell Environ. 16,
323-328.

Romer, W., Schenk, H. (1998) Influence of genotype on phosphate and utilization efficiencies in
spring barley. Eur. J. Agron. 8, 215-224.

Acta Biologica Hungarica 61, 2010



Nutritional behavior of T. indica under salinity 497

32. Ruiz, D., Martinez, V., Cerda, A. (1997) Citrus response to salinity: growth and nutrient uptake. 7ree
Physiol. 17, 141-150.

33. Siddiqi, M. Y., Glass, A. D. M. (1983) Studies of the growth and mineral nutrition of barley varieties.
1. Effect of potassium supply on the uptake of potassium and growth. Can. J. Bot. 61, 671-678.

34. Sleimi, N., Abdelly, C. (2002) Growth and mineral nutrition of some halophytes under seawater irri-
gation. In: Ahmed, R., Malik, K. A. (eds) Prospects for Saline Agriculture. Academic Press,
Netherland, pp. 403—410.

35. Tester, M., Davenport, R. (2003) Na* Tolerance and Na* Transport in Higher Plants. Ann. Bot. 91,
5003-5027.

36. Weber, D. J., Ansari, R., Gul, B., Khan, M. A. (2007) Potential of halophytes as source of edible oil.
J. Arid. Environ. 68, 315-321.

Acta Biologica Hungarica 61, 2010





