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Salt response of Crithmum maritimum, an oleagineous halophyte
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Abstract: Crithmum maritimum is a perennial Apiaceae growing naturally in rocky coasts.
The oil extracted from its seeds seems to be convenient for human consumption. Physiological as-
pects of its salt response were studied in a laboratory with NaCl concentration ranging from 0 to
300 mM. The results show that C. maritimum is a facultative halophyte, since it does not require
salt for maximal growth. Fifty percent reduction in shoot DW, leaf surface area and leaf number
were observed at 150 mM NaCl, indicating that C. maritimum is moderately tolerant to NaCl. Cul-
ture in the presence of NaCl led to large accumulation of Na* and Cl-in leaf tissues, without signifi-
cant change in leaf water content. Thus, C. maritimum seemed to be able to sequester salt in leaf
cells for osmotic adjustment. Indeed, the mean salt concentration in leaf tissue water was always
higher than medium osmolarity. Growth was limited mainly by salt-induced decrease in the num-
ber of leaves. Biomass production per unit of leaf surface area was diminished only at highest salt
concentrations. The presence of NaCl in the medium imposed a strong restriction in nutrient (K*
and Ca?*) acquisition, which was due to inhibition of both root intrinsic performance for ion trans-
port and root growth. In summary, salinity restricts C. maritimum growth through limitation of
mineral nutrient acquisition, rather than osmotic and ionic deleterious effects.

Resumen: Crithmum maritimum es una Apiaceae perenne que crece en costas rocosas. El aceite
extraido de sus semillas parece ser adecuado para el consumo humano. Se estudiaron aspectos fisiolé-
gicos de su respuesta a la sal en el laboratorio, usando concentraciones de NaCl que fluctuaron entre 0
y 300 mM. Los resultados muestran que C. maritimum es una haléfita facultativa, ya que no requiere
sal para alcanzar su maximo crecimiento. Se observo una reducciéon de 50% en el peso seco de la parte
aérea, en el area foliar y en el nimero de hojas a una concentracién de 150 mM NaCl, lo cual indica
que C. maritimum es moderadamente tolerante al NaCl. El cultivo en presencia de NaCl produjo una
fuerte acumulaciéon de Na*y Cl- en tejidos foliares, sin cambios significativos en el contenido de agua
en la hoja. Por lo tanto, C. maritimum pareci6 ser capaz de secuestrar sal en células foliares para el
ajuste osmotico. De hecho, la concentracién media de sal en el tejido foliar fue siempre superior que la
osmolaridad promedio. El crecimiento estuvo limitado principalmente por un decremento en el ntiime-
ro de hojas inducido por la sal. La produccién de biomasa por unidad de area foliar se vio reducida so-
lamente con las concentraciones salinas méas elevadas. La presencia de NaCl en el medio impone fuer-
tes restricciones en la en la adquisicién de nutrientes (K+y Ca2*), lo cual se debi6 a la inhibicién tanto
del desemperio intrinseco de la raiz para el transporte de iones, como del crecimiento radicular. En re-
sumen, la salinidad restringe el crecimiento de C. maritimum a través de la limitar la adquisicién de
nutrientes minerales, més que por efectos deletéreos osméticos y iénicos.

Resumo: A Crithmum maritimum é uma Apiaceae perene vegetando naturalmente nas
costas rochosas. O 6leo extraido das suas sementes parece ser conveniente para o consumo hu-
mano. Os aspectos fisiolégicos da sua resposta ao sal foram estudados em laboratério sob con-
centragdes de NaCl variando entre 0 a 300 mM. Os resultados mostram que a C. maritimum é
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uma haldfita facultativa, ja4 que nao requer sal para o crescimento maximo. Verificou-se uma
reducdo de cinquenta por cento no langamento DW, na superficie das folhas e no nimero de
folhas a 150 mM de NaCl, indicando que a C. maritimum é moderadamente tolerante ao NaCl.
A cultura, na presenga de NaCl, conduziu a uma grande acumulagio de Na* e Cl- nos tecidos fo-
liares, sem mudangas significativas no teor de agua na folha. Assim, a C. maritimum parece
ser capaz de sequestrar sal nas células das folhas por ajustamento osmético. Assim, a concen-
tracdo média de sal na agua dos tecidos das folhas foi sempre maior que as osmolaridade
média. O crescimento foi limitado principalmente pelo decréscimo induzido pelo sal no niimero
de folhas. A produgio de biomassa, por unidade de area superficial da folha, s6 diminuiu as
maiores concentragdes de sal. A presenca de NaCl no meio impbés uma forte restricdo na ab-
sor¢do de nutrientes (K* e Ca?*), a qual foi devida a inibi¢do, quer da performance intrinseca da
raiz para o transporte de i6es, quer do crescimento da raiz. Em sintese, a salinidade restringe o
crescimento da C. maritimum através da limitacdo da absor¢io de nutrientes e ndo pelos efei-

tos iénicos e osmoticos nocivos.
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Introduction

Salinity is a widespread problem leading to de-
creased yields in irrigated agriculture, which coun-
teracts the purpose of irrigation (Scheumann 1997).
Moreover, because management of agricultural
salinization involves periodic leaching of salts, this
creates poor-quality drainage water, which enters
natural water reservoirs of fresh water. The stan-
dard approach to this issue would be to increase salt
tolerance of crop species, but its current success re-
mains limited. An alternative approach is to make
use of those plants that have high tolerance for sa-
linity i.e. halophytes. In halophytes, the complex of
characteristics required for salt tolerance is already
present, and all that is needed is to make an opti-
mal use of these species. Increasing attention is
paid to halophytes. A list of more than 2 600 halo-
phytic species was recently published by Menzel &
Lieth (1999). Several authors proposed large scale
use of non-diluted seawater for irrigation (Koyro &
Huchzermeyer 1999; Sleimi et al. 1999). However,
halophytic species differ in their degree of salt tol-
erance. It is, therefore, important to select promis-
ing plants with adequate yield and tolerance char-
acteristics (Koyro 1997). One aim of current studies
dealing with salt tolerance is to determine the level
of salinity tolerance of a number of halophytic spe-
cies and to study the mechanism by which the
plants survive high salinity.

Crithmum maritimum L. ('sea fennel' or 'sam-
phire) is a spontaneous plant of the family
Apiaceae, the geographical distribution of which
extends along the European Atlantic coasts,
Azores, Madeira and Canary islands, Mediterra-
nean and Black Sea coasts, NW Africa and W Asia.
It grows in rocky sea-cliffs under the influence of
salt-rich sprays. It is rarely found on sand or
gravel (Pateira et al. 1999). The flowering period of
this taxon ranges from May to October. Several
uses of C. maritimum are known for culinary pur-
poses and its leaves have been used for aromatic
and medicinal purposes as a tonic and diuretic
(Ruberto et al. 2000). We have shown that oil ex-
tracted from Crithmum seeds is of good nutritional
quality, and could be used for human consumption
(Zarrouk et al. 2003).

The experiments reported here assessed NaCl
tolerance of C. maritimum. Growth parameters,
water content, tissue ion contents (Nat*, Cl-, K* and
Ca?*) were determined for plants cultivated on
sand in greenhouse, and irrigated with nutritive
solution containing NaCl (0 - 300mM).

Materials and methods

Plant material and treatment

C. maritimum seeds were collected in Septem-
ber from their native salty ecosystem, close to the
Mediterranean sea coast (Korbous, 40 km S-E of
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Tunis). They were sown in pots (two seeds per pot)
filled with sand, and irrigated with distilled water
until germination. At the early developmental
stages, seedlings were watered once per day with a
nutrient solution (Hamza 1977). Iron was supplied
as an EDTA complex at 3 pg Fe ml-l. Two months-
old seedlings were divided in 6 lots of 10 plants
each, and NaCl was introduced in the irrigation
medium at different concentrations (0, 50, 100,
150, 200, and 300 mM). To avoid osmotic shock,
the change to salinity treatment was gradual, with
50 mM NaCl daily increments.

Experiments were performed in a greenhouse
under controlled conditions (25 + 5°C and 60 + 10%
relative humidity). Plants were harvested at the
beginning of the salt treatment and after 5 weeks
of exposure to salinity. Leaves, stems and roots
were harvested separately.

Growth measurements

Growth parameters were organ fresh weights
(FW) and dry weights (DW, measured after 96 h at
80 °C), and leaf surface area (LiCor areameter).
Mean relative growth rate (RGR) and net assimila-
tion ratio (NAR) (Abdelly et al. 1995, 1996; Hunt
1990) were estimated as follows :

RGR = (In (DW2) -In(DW1)) / At
where, DW1 and DW2 correspond to initial and fi-
nal harvests, respectively, and At is the treatment
duration.

NAR = (DW2-DW1) / LA At

where, LA stands for the logarithmic mean leaf
area calculated over the treatment period:

LA = (LA2 -LA1) / (In Az - In Ay)

LA; and LA2 corresponding to initial and final
leaf surface areas, respectively.

Nutrient (K* and Ca?*) uptake and use effi-
ciencies were calculated from K+ and Ca2* amounts
in whole plant K+ and Ca2t (WPA):

Ton uptake efficiency = WPA / Root DW

Ton use efficiency = Plant DW / WPA
where, DW stands for the logarithmic mean DW=
(DW: - DW1) / (In DW2 - In DW1).

Ion content determination

Tons were extracted in 0.5% (v/v) HNOs. After
filtration, Na and K were assayed by flame emis-
sion photometry (FES) (Corning, UK). Ca was as-
sayed by flame atomic absorption spectrophotome-
try (AAS) at 427 nm (Instrumental laboratory,

USA). CI- was determined by coulometry with a
Haake Bichler Chloridometer.

Results and discussion

Growth

Final biomass declined regularly from ca. 13 to
ca. 1 g DW per plant when NaCl concentration was
increased from 0 to 300 mM (Fig. 1A). This growth
response was approximately the same for both root
and shoot, as illustrated by the relative stability of
shoot to root ratio. Both total leaf surface area and
leaf number paralleled whole plant biomass (Fig.
1B). Salt treatment did not result in strong reduc-
tion of mean surface area of individual leaves, ex-
cept at 300 mM NaCl, which treatment severely
limited leaf expansion (Fig. 1B). However, at this
salt concentration, plants did not exhibit any
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Fig. 1. Effect of NaCl on plant growth. A: whole plant

dry weight and shoot to root DW ratio were determined
at the final harvest, after two months of culture in the
presence of the indicated NaCl concentrations. Means of
10 replicates and confidence limits for p = 0.05. B: leaf
number and total leaf surface area per plant. Values of
individual leaf surface area at the top of the panel are
expressed as cm? per leaf (means of 10 replicates and
confidence limits for p = 0.05).
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Fig. 2. Crithmum maritimum plants at the final harvest. From left to right, the NaCl
concentrations in the culture medium are : 0, 50, 100, 150, 200, and 300 mM.

symptom of toxicity such as chlorosis or leaf necro-
sis (Fig. 2).

From these results, C. maritimum should be
considered a facultative halophyte with growth de-
creasing in response to rising NaCl levels in the
medium. The presence of thriving populations of C.
maritimum in the vicinity of the sea may be ex-
plained by the characteristics of the microhabitat of
this species. It is always found in cracks of rocks or
cliffs, a situation which probably limits rhizosphere
salinization by authorizing the leaching of salt. Of
course, one cannot discard the possibility that other
differences between C. maritimum natural habitat
and our study conditions, such as light intensity or
root aeration, should be responsible for the sensitiv-
ity to NaCl observed in greenhouse.

Accumulation of dry matter during the salt
treatment period depends on both the initial size of
plants and the growth activity (Hunt 1990). Mean
relative growth rate (RGR), is a convenient mean
to isolate the effect of salt on the growth activity.
RGR depends on leaf area and its intrinsic capac-
ity of carbon assimilation (Cramer et al. 1990). The
latter, commonly named net assimilation ratio
(NAR), corresponds to the rate of biomass produc-
tion per unit of leaf surface area (Abdelly et al.
1995). In the lower range (0 - 100 mM) of NaCl
concentrations, RGR was positively correlated with
leaf surface area (Fig. 3A) and independent from
NAR (Fig. 3B). At higher NaCl concentrations (150
- 300 mM), RGR was positively correlated with
both leaf surface area and NAR. Thus, at lower
NaCl concentrations, growth rate was limited by
the development of the photosynthetic organs, but
not by their specific photosynthetic capacity. At
higher concentrations, RGR depended simultane-
ously on leaf expansion and assimilation capacity.

Reduction of NAR at higher salinity levels could
result from a decrease in photosynthesis and/or an
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Fig. 3. Relationship between whole plant growth rate
and leaf development. RGR is the whole plant relative
growth rate. Inserts: symbol keys to NaCl concentrations
in the medium. A: Leaf surface area is the total leaf sur-
face area per plant. B : NAR is the net assimilation ratio,
i.e. the rate of increase in whole plant biomass per unit of
leaf surface area during the salt treatment.
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increase 1In maintenance vrespiration. These
changes could be the consequences of the build-up
of Na* and CI- at high concentrations in leaves (see
below).

Our results are in agreement with several other
data. Comparing the physiological responses to salt
of 4 halophytes (Aster tripolium, Spartina anglica,
Puccinellia maritima and Elymus pycnanthus), Ro-
zema & Van Diggelen (1991) observed that the de-
crease of net photosynthesis per unit of leaf surface
area was not the main factor responsible of the
growth reduction. The same result was observed in
Spartina alterniflora (Sleimi 2002) and in some
spontaneous Medicago species (Abdelly et al. 1995).
Ball (1988) found that the growth reduction of a
salt-stressed mangrove species could be attributed
entirely to a decrease in leaf area ratio. Only at very
high salinity level was NAR inhibited.

Nat and Cl- accumulation and water relations

Na* and Cl- contents increased in both shoots
and roots as NaCl concentration in the medium
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Fig. 4. Effect of salinity on sodium and chloride
accumulation. The contents were measured at the end of
the salt treatment. Means of 10 replicates and
confidence limits for p = 0.05.

was changed from 0 to 300 mM NaCl (Fig. 4). For
all treatments, contents in Na* and Cl- were sig-
nificantly higher in shoots than in roots. For Na*,
values higher than 3 mmol g1 DW were reached in
leaves at 300 mM NaCl. Furthermore, Na* content
systematically exceeded Cl- content.

Hydric status and ion accumulation

The leaf water status was poorly sensitive to
the treatments. Even at the highest NaCl concen-
trations in the medium, the water content of
leaves was maintained at value close to that of
control (range of variation: 6.0 to 6.5 ml g DW).
When the NaCl concentration in medium was in-
creased from 0 to 300 mM, the leaf Na* content
augmented from 0.15 to 3.2 mmol g'! DW (Fig. 4A).
One may estimate the mean Na* concentrations in
leaf tissues by dividing these values by the corre-
sponding water contents. At 300 mM NaCl, the
mean Na* concentration in leaves amounted to 460
mM. The maintenance of leaf hydratation in spite
of such a high Na* accumulation (Fig. 5) indicates
that much of Na* in leaves was osmotically active.
Thus, it was probably accumulated inside cells.
The same conclusion applies for Cl- (not shown).

Because enzymes from halophytes display the
same sensitivity to high NaCl concentration as
those of glycophytes, when assayed in vitro, it has
been accepted that most of the accumulated Na* is
excluded from the cytoplasm (Flowers et al. 1977).
This has led to the concept of Na* compartmentali-
zation within vacuoles, as an essential feature of
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Fig. 5. Relationship between water content and Na*
content in leaves. The contents were measured at the
end of the salt treatment. Means of 10 replicates and
confidence limits for p = 0.05. The numbers are the NaCl
concentrations in the medium (mM).
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halophytic plants (Serrano et al. 1999). As dis-
cussed above, the large Na* accumulation in C.
maritimum leaves seemed to be intracellular. Thus
it may be hypothesized that it was largely re-
stricted to vacuoles.

On the presumption that K*, Na*, and CI- ions
were accumulated as diffusible, osmotically active
solutes, we approximed their contribution to os-
motic adjustment by summing their calculated
mean concentrations in leaf tissues (Fig. 6). Un-
known anions supposed to be univalent (A-) were
introduced to equilibrate the -electrostatic net
charge of (K* + Na*) accumulated in excess over Cl-
. Although crude, this calculation evidences the
role of Na* and Cl- as main contributors to the os-
motic adjustment at all NaCl concentrations. This
is a classical halophytic trait.

Nutrient accumulation

In response to NaCl treatments, K* and Ca2*
contents were lowered in all parts of the plants
(Fig. 7). The amounts of these ions absorbed by
roots during the treatment period were estimated
from changes in whole plant K+ and Ca2+ between
the initial and the final harvests.

In the presence of NaCl, the growth inhibi-
tion was associated with a decrease in K+ and Ca2+
uptake (Table 1). This effect could result from two
factors, namely (i) inhibition of root growth, and/or
(i) decreased intrinsic capacity of root for ion up-
take (uptake efficiency). Uptake efficiency was es-

///%Z

i < “

W
(=3
=1

Mean concentration in leaves, mM

<

0 50 100 150 200 300
NaCl, mM

Fig. 6. Apparent mean ion concentration in leaves. The
concentrations were estimated by dividing ion contents
by water contents (data from Figs. 4 and 5). A- stands for
unknown anion, supposed univalent, needed to equili-
brate the cation excess over Cl. The dark line is the os-
molarity of the medium.

timated as the change in ion content of whole plant
during the treatment period divided by the mean
root DW calculated over this period (Table 1). The
uptake could be expressed as M = R.E, where R is
the mean root DW and E is the uptake efficiency.
Thus, any salt-induced change in M could be ex-
pressed as
AM ~ R AE+ E AR

where, A stands for difference of the corresponding
quantity between two salt treatments. This analy-
sis indicates that for both K+ and Ca2*, addition of
50 to 150 mM NaCl to the medium inhibited ion
uptake mainly through uptake efficiency decrease.
At higher NaCl concentrations, the restriction of
root growth was the main factor responsible for
uptake limitation. Fig. 8 illustrates these results
for K.

The causes of the sensitivity to NaCl of K+ and
Ca?* uptake efficiency are not identified. One of
them could be a direct competition between Na*
and the other cations for root transporters. Spe-
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Fig. 7. Effect of salinity on potassium and calcium ac-
cumulation. The contents were measured at the end of
the salt treatment. Means of 10 replicates and confi-
dence limits for p = 0.05.
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Table 1.

Effect of salinity on K* and Ca2* nutrition. Uptake efficiency: change in the ion amount in

whole plant over the treatment period rationed to the mean root DW. Use efficiency: whole plant biomass
deposited per mmol of ion utilised. Means of 10 replicates and confidence limits (p= 0.05).

NaCl, mM
0 50 100 150 200 300
Whole plant DW (g plant?)
129+ 1.3 11.0+ 0.6 9.4+ 0.9 57+0.4 4.61+0.5 1.10+ 0.2
Mean root DW (g plant!)
0.38 0.34 0.31 0.22 0.17 0.06
Whole plant content (mmol plant1)
K* 14.0+ 1.0 851 0.5 551 0.6 2.6+0.2 1.8+0.2 0.3+£0.04
Ca2* 11.8+ 1.4 7.9+0.4 6.0+ 0.6 2.4+ 0.2 1.5+0.2 0.2+ 0.04
Uptake efficiency (mmol g'! root DW)
K+ 36.6 24.8 17.5 11.4 10.1 3.6
Ca?t 30.8 23.0 19.1 10.5 8.3 2.0
Use efficiency (g DW mmol-!)

K+ 2.81+0.1 4.37+0.1 512+ 0.2 592+ 0.2 6.67+ 0.2 9.41+ 0.7
Ca2* 4.36 £ 0.3 6.11+0.2 6.8+ 0.3 8.90+0.2 9564+ 0.4 13.1+ 1.3

cially for Ca2*, this effect is considered as an im-
portant factor of salt sensitivity (Davenport et al.
1997; Greenways & Munns 1980). Indeed, it is well
known that enrichment of the medium in Ca2* im-
prove plant tolerance to salinity (Alberico &
Cramer 1993; Cachorro et al. 1994). Furthermore,

AM, mmol K* plant™
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Fig. 8. Effect of salinity on K* uptake. AM is the
change in whole plant K* due to salt treatment (differ-
ence between the control without NaCl and the treat-
ment with the indicated NaCl concentration). AM results
from (i) modification of root efficiency to transport K,
(white bars), and (ii) modification of root biomass (grey
bars).

the maintenance of K*/Na* selectivity of root
transport is under the control of Ca2+ (Liittge &
Laties 1967; Torii & Laties 1966) and Ca2* must be
present in the environment of the root cell mem-
branes to ensure their correct functioning (Cramer
et al. 1985, 1987). Thus, Na* could limit K* trans-
port both by direct competition and through dis-
placement of Ca2+.

Conclusions

C. maritimum appears to be a facultative
halophyte, since its maximum growth rate was
obtained in the absence of NaCl. It displays a
moderate tolerance to NaCl since the salt concen-
tration leading to 50 % reduction in shoot DW, leaf
surface area and leaf number was 150 mM NaCl.
Salinity could have at least three different adverse
effects, osmotic imbalance, ion toxicity and limita-
tion of mineral nutrient acquisition (Niu et al.
1995). Osmotic imbalance is clearly not involved in
C. maritimum growth reduction in the presence of
salt. Indeed, no leaf dehydratation accompanied
salt accumulation. We observed no sign of toxicity,
such as necrotic or chorotic lesions in leaves, even
at the highest levels of salt accumulation in these
organs. Furthermore, growth seemed to be more
limited by reduction in leaf surface area than by
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inhibition of photosynthesis, since biomass produc-
tion per unit of leaf surface area was diminished
only at highest salt concentrations. Finally, the
presence of NaCl in the medium imposed a strong
restriction in nutrient (K* and Ca2?*) acquisition,
which was due to inhibition of both root intrinsic
performance for ion transport and root growth.

In summary, our results show that salinity re-
stricts C. maritimum growth through limitation of
mineral nutrient acquisition, rather than osmotic
and ionic deleterious effects.

Acknowledgements

Financial support for this work was provided by
European Union, Concerted Action Sustainable Ha-
lophyte Utilisation in the Mediterranean and Tropi-
cal Dry Regions, AUPELF Exploration des ressour-
ces phytogénétiques locales pour ['identification
d'espéces  halophytiques a  graines  protéo-
oléagineuses, CMCU network 02 F0924 Mise au
points d'outils physiologiques, biochimiques et molé-
culaires en vue d’identifier des populations locales
de halophytes and Tunisian Ministry of Scientific
Research and Technology Etude d'espéces halophy-
tiques d'intéréts économiques et écologiques.

Authors thank Pr. Claude GRIGNON (ENSA-
M, Montpellier) for his valuable reviews of this
manuscript.

References

Abdelly, C., M. Lachaal., C. Grignon, A. Soltani & M.
Hajji. 1995. Association épisodique d'halophytes
stricts et de glycophytes dans un systéme hydro-
morphe salé en zone semi-aride. Agronomie 15: 557-
568.

Abdelly C., E. Zid, M. Hajji & C. Grignon. 1996. Biomass
production and nutrition of Medicago species asso-
ciated with halophytes on the edge of a sebkha in
Tunisia. pp. 313-324. In: R. Choukr-Allah, C.V. Mal-
colm & A. Hamdy (eds.) Halophytes and Biosaline
Agriculture. Marcel Dekker, Inc, New York, USA.

Alberico, G.J & G.R. Cramer. 1993. Is the salt tolerance
of maize related to sodium exclusion? I. Preliminary
screening of seven cultivars. Journal of Plant Nutri-
tion 16: 2289-2303.

Ball, M.C. 1988. Salinity tolerance in the mangroves
Aegceras corniculatum and Avicennia marina. 1.
Water use in relation to growth, carbon partitioning
and salt tolerance. Australian Journal of Plant
Physiology 15: 447-464.

Cachorro, P., A. Ortiz & A. Cerda. 1994. Implications of
calcium nutrition on the response of Phaseolus vul-
garis L. to salinity. Plant and Soil 159: 205-212.

Cramer, G.R., A. Latichli & V.S. Polito. 1985. Displace-
ment of Ca?* by Na* from the plasmalemma of root
cells. A primary response to salt stress ? Plant
Physiology 79: 207-211.

Cramer, G.R., J. Lynch, A. Latichli. & E. Epstein. 1987.
Influx of Na* and Ca2* into roots of salt -stressed
cotton seedlings. Effects of supplemental Ca2*. Plant
Physiology 83: 510-516.

Cramer, G.R., E. Epstein & A. Latichli. 1990. Effect of
sodium, potassium and calcium on salt-stressed bar-
ley. I Growth analysis. Physiologia Plantarum 80:
83-88.

Davenport, R..J., R.J. Reid & F.A. Smith. 1997. Sodium-
calcium interactions in two wheat species differing
in salinity tolerance. Physiologia Plantarum 99:
323-3217.

Flowers, T.J., P.F. Troke & A.R.Yeo. 1977. The mecha-
nisms of salt tolerance in halophytes. Annual Re-
view of Plant Physiology 28: 89 - 121.

Greenway, H. & R. Munns. 1980. Mechanisms of salt
tolerance in non-halophytes. Annual Review of Plant
Physiology 31: 149-190.

Hamza, M. 1977. Actions de différents régimes d’apport
du chlorure de sodium sur la physiologie de deux
légumineuses: Phaseolus vulgaris (sensible) et Hedy-
sarum carnosum (tolérante). Relations hydriques et
relations ioniques. Thesis. Faculté des Sciences de
Tunis, Tunis, Tunisia.

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

Koyro, H-W. 1997. Ultrastructural and physiological
changes in root cells of Sorghum plants (Sorghum
bicolor X S. sudanesis cv. Sweet Sioux ) induced
by NaCl. Journal of Experimental Botany 48: 693-
706.

Koyro, H.-W. & B. Huchzermeyer. 1999. Influence of
high NaCl salinity on growth, water and osmotic
relations of the halophyte Beta vulgaris ssp.
maritima. Development of a quick check. pp 43-
64. In: H. Lieth, M. Moschenko, M. Lohmann, H.-
W. Koyro & A. Hamdy (eds.) Progress in Bio-
meterology, Vol 13. Halophyte Uses in Different
Climates 1. Ecological and Ecophysiological Re-
search. Backhuys Publishers, Leiden, The Nether-
lands.

Liittge, U. & G.G. Laties. 1967. Absorption and long
distance transport by isolated stels of maize roots in
relation to the dual mechanisms of ion absorption.
Planta 74: 173-1817.



BEN HAMED et al. 159

Menzel, U. & H. Lieth. 1999. Halophyte database. pp.
127-133. In: H. Lieth, M. Moschenko, M. Lohmann,
H.-W. Koyro & A. Hamdy (eds.) Progress in Biome-
teorology, Volume 14. Halophyte Uses in Different
Climates II. Halophyte crop development for differ-
ent climates. Backuys Publishers, Leiden, The
Netherlands.

Niu, X., R.A. Bressan, P.M. Hasegawa & J.M. Pardo.
1995. Ton homeostasis in NaCl environments. Plant
Physiology 109: 735-742.

Pateira, L., T. Nogueira, A. Antunes, F. Venacio, R. Ta-
vares & J. Capelo. 1999. Two chemotypes of Crith-
mum maritimum L. from Portugal. Flavour and
Fragrance Journal 14: 333-343.

Rozema, J. & J. Van Diggelen. 1991. A comparative
study of growth and photosynthesis of four halo-
phytes in response to salinity. Acta FEcologia 12:
673-681.

Ruberto, G., M. Tiziana Baratta, S.G. Deans, N.J. Da-
mien Dorman. 2000. Antioxidant and antimicrobial
activity of Foeniculum vulgare and Crithmum mari-
timum essential oils. Planta Medica 66: 687-693.

Scheumann, W. 1997. Managing Salinization. Institu-
tional Analysis of Public Irrigation Systems.
Springer-Verlag, Berlin.

Serrano, R., J.M. Milet, G. Rios, J.A. Marquez, I.F. de
Larrinoa, M.P. Leube, I. Mendizabal, A. Pascual-
Ahuir, M. Proft, R. Ros & C. Montesinos. 1999. A
glimpse of the mechanisms of ion homeostasis dur-
ing salt stress. Journal of Experimental Botany 50:
1023-1036.

Sleimi, N., C. Abdelly, A. Soltani & M. Hajji. 1999. Bio-
mass production and mineral nutrition of Suaeda
fruticosa grown on high salinity in connection with
nutrient availability. pp. 65-76. In: H. Lieth, M. Mo-
schenko, M. Lohmann, HW. Koyro & A. Hamdy
(eds.) Progress in Biometeorology. Halophyte Uses in
Different Climates I. Bachyus Publishers, Leiden,
The Netherlands.

Sleimi, N. 2002. Physiologie de la réponse au sel et com-
portement sur eau de mer de deux halophytes a po-
tentialités fourragéres: Suaeda fruticosa et Spartina
alterniflora. Ph.D. Thesis. Faculté des Sciences de
Tunis, Tunis, Tunisia.

Torii, K. & G.C. Laties. 1966. Organic acid synthesis in
response to excess cations absorption in vacuolate
and non vacuolate sections of corn and barley roots.
Plant and Cell Physiology 7: 395-403.

Zarrouk, M., H. E1 Almi, N. Ben Youssef, N. Sleimi, D.
Ben Miled, A. Smaoui & C. Abdelly. 2003. Lipid
composition of seeds of local halophyte species:
Cakile maritimum, Zygophyllum album & Crith-
mum maritimum. pp. 121-126 In: H. Lieth (ed.)
Cash Crop Halophytes: Recent Studies. Kluwer Aca-
demic Publishers Group. The Netherlands.



160 SALINITY EFFECTS ON CRITHMUM MARITIMUM




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


