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Abstract. Tomato plants (Solanum lycopersicum L. cv. Durinta) were grown in an open
soilless system to evaluate the effects of sodium chloride (NaCl) concentration in the
nutrient solution on the ion compositions in plant tissues. The treatments were defined by
a factorial combination of five NaCl concentrations and three leaves position/age and two
fruits’ position. Seedlings were transplanted in perlite and, 7 days after transplanting,
five salinity treatments were imposed by adding 7, 21, 37, 49, or 64 mM of NaCl to the
nutrient solutions; the final electrical conductivities were: 2.7, 4.5, 6.0, 7.5, and 8.6 dS�m–1,
respectively. Increased salinity in the nutrient solution resulted in a reduction in tomato
dry matter (from 534 to 375 g per plant) and in a linear increase in sodium (from 0.37%
to 1.39%) and chloride (from 1.75% to 5.73%) in the leaves as well as in the fruit tissues
(from 0.08% to 0.26% for sodium and from 0.63% to 1.34% for chloride). Leaf under the
first cluster showed higher levels of sodium (+54%) and chloride (+32%) than leaf under
the fifth cluster and old leaf accumulated more sodium (+15%) and chloride (+25%) than
younger ones. The exposure of the tomato plants to increasing salinity resulted in a linear
decline in nitrate (from 1.21% to 0.50%), total nitrogen (from 3.31% to 3.03%), sulphate
(from 3.71% to 3.12%), and potassium leaves (from 2.76% to 1.51%); the potassium
reduction was more evident in younger leaves than in older ones. All macronutrients,
except calcium, decreased in the fruit tissues with increasing NaCl concentration in the
nutrient solution. However, for phosphate, the reduction of the ion concentration was
evident only in the fruit from the fifth cluster (–35%). The position of the fruit on the
plant significantly affected the concentration of ion, which was higher for all determined
ions in the fruit of the first truss. The levels of Na+ and Cl– found in the plant tissue seem to
confirm the hypothesis that the plant dry biomass reduction may also be traced to the
toxicity of these ions as a consequence of this high concentration. On the other hand,
although generally influenced by antagonism with sodium and chloride, the amount of
main macronutrients did not reach deficiency levels that influenced the growth processes,
except in the case of potassium.

High salt concentration in irrigation water
is common in coastal areas where intensive
production systems are located.

The increase of salinity in the rhizosphere
produces an increase in the osmotic pressure
of the nutrient solution, which leads to water
stress (Rodriguez et al., 1997). Additionally,
a high uptake of Na+ and Cl–, which is com-
mon in these conditions, can reduce the
functionality of the photosynthetic apparatus
(Flowers et al., 1977). These negative effects
are more pronounced in the lesser compart-
mentation of Na+ and Cl– in the old leaves
than in the young ones (Shannon et al., 1987).
Moreover, other negative effects are the

result of competition between the ions at
the root level, which may lead to alterations
in the ionic balance inside the plant tissue, in
the functionality of the membrane, and in
transport and enzymatic activities (Flagella
et al., 2002).

Likewise, the capacity of sodium to seri-
ously interfere with the absorption of potas-
sium and calcium (Greenway and Munns,
1980) and/or the possible increase in the
requirements of a particular element, like
phosphorus in tomato (Awad et al., 1990),
have been previously demonstrated. Antago-
nism phenomena in mineral uptake have also
been observed as a result of the effect of
chloride with respect to the nitrate ion as well
as phosphate and sulphate (Papadopoulos and
Rending, 1983).

The mineral content in the different plant
tissues is also related to their mobility in the
plant (Hale and Orcutt, 1987). In conditions
of mineral deficiency, some nutrients may be
translocated from the mature leaves and fruits
to the younger leaves (Ho et al., 1993).

However, a suboptimal concentration of
nutrients in the mature leaves can be consid-
ered less detrimental considering their low
photosynthetic efficiency (Tichá et al., 1985).

It appears evident that among the effects
that sodium chloride has on tomato, there are
some related to the accumulation of the two
ions and to the antagonism to the nutrients.
Nevertheless, the information available in
the literature shows that the effects of these
mechanisms on the mineral composition of
plant tissues are not consistent (Cuartero and
Fernández-Muñoz, 1999). Additionally, there
is a lack of information about the different
organographic portions as related to their
position on the plant and their age.

Starting from these considerations, the
aim of the current study was to assess whether
an increased sodium chloride (NaCl) concen-
tration of the nutrient solution: 1) raises so-
dium and/or chloride to toxic levels in tomato
plants; 2) influences the leaf nutritional sta-
tus, thus determining a nutrient deficiency;
and 3) modifies the ion concentration in the
fruit. The possible interactions between NaCl
in the nutrient solution and the position and/
or age of the organs were also evaluated.

Materials and Methods

Location, plant material, and growth con-
ditions. The experiment was conducted in
Spring–Summer 2006 in an 800-m2 unheated
polyethylene greenhouse situated on the
Experimental Farm of Catania University in
southern Italy (long. 37.3� N, lat. 15.0� E; 20
m a.s.l.). The tomato (Solanum lycopersicum
L.) hybrid Durinta F1 (Western Seed S.A.,
Naaldwijk, NL) was selected as one of the
most representative varieties cultivated in
Italy because of its high crop performance,
fruit quality, and the high demand for truss
tomatoes in national and international mar-
kets. Seeds were germinated in peat on 23
Feb. 2006. The seedlings were transplanted
30 d after sowing (25 Mar.), at the third true-
leaf stage, one for each pot (height 20 cm,
width 19 cm) containing 5 L of perlite
(particle size 3 to 5 mm). The pots were
placed on troughs with 33 cm between pots
and 100 cm between troughs, creating a plant
density of 3 plants per m2. Plants were
topped above the seventh truss and the last
harvest was carried out at the end of July.

Plants were grown under natural light
conditions; ventilation was provided auto-
matically when the air temperature exceeded
25 �C. The mean air temperature, the vapor
pressure deficit, and the global radiation
inside the greenhouse during the experimental
period were recorded on a data logger (CR10
X; Campbell Scientific Ltd., Loughborough,
UK) and saved in a personal computer.

The treatments were defined by a factorial
combination of five NaCl concentrations in
the nutrient solution and the position/age of
the organs considered.

Nutrient solution management. The tomato
plants were exposed to five salinity treatments
obtained by adding 7, 21, 37, 49, or 64 mM

NaCl to the nutrient solutions giving an
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electrical conductivity of 2.7, 4.5, 6.0, 7.5, or
8.6 dS�m–1, respectively. The first concentra-
tion of NaCl is considered optimal for irriga-
tion water in Mediterranean conditions. The
basic nutrient solutions had the following
composition: 10.5 mM N-NO3

–, 1.5 mM

H2PO4
–, 6.5 mM K+, 1.2 mM SO4

2–, 3.0 mM

Ca2+, 1.0 mM Mg2+, 15 mM Fe3+, 10 mM Mn2+,
0.75 mM Cu2+, 5 mM Zn2+, 30 mM B3+, and
0.5 mM Mo6+. The pH of the nutrient solution
for all treatments was 5.9. All nutrient sol-
utions were prepared using demineralized
water. Plants were irrigated with a basic
nutrient solution for 7 d before being subjected
to different saline treatments; the fixed NaCl
concentrations were gradually reached over a
period of 5 d.

The nutrient solution was pumped from
independent tanks through an open drip
irrigation system with one emitter per plant
and a flow rate of 4 L�h–1. The frequency of
irrigation and the volume of the nutrient
solution were scheduled on the basis of the
water release curve of the substrate, solar
radiation at the crop level (measured using a
pyranometer), and plant size. The integral of
solar radiation, by which an irrigation event
was triggered, was quantified by gravimetri-
cally measuring the plant consumption of the
water contained in the substrate at intervals
of –10 hPa to –25 hPa of matric potential.
Additionally, the volume of irrigation water
was adjusted to ensure a leaching fraction
sufficient to contain the increase of salt in the
substrate (Kempkes and Stanghellini, 2003).

Data collection and analysis. To quantify
the assimilation capacity of the plant, the
biomass obtained from its epigeous organs
(stem, leaves, and fruits) was taken from the
crop at the successive interventions of pruning,
harvesting, and sampling at the end of the
cycle. The biomass was dried in a forced-air
oven (70 �C) until steady weight was achieved.

The following plant organs were sampled
during the trial:

Leaf under the first [77 d after transplant-
ing (DAT)] and fifth (99 DAT) cluster at
the turning of the third fruit (Leaf I and
Leaf V, respectively);
Leaf under the fifth cluster (121 DAT) at
the end of the crop cycle (Old leaf V); and
Fruit from the first (84 DAT) and fifth (111
DAT) cluster at the ripening of the third
fruit (Fruit I and Fruit V, respectively).

First and fifth trusses were chosen to
evaluate the influence of climatic conditions
and sink/source relations on crop response to
NaCl stress.

The concentration of reduced nitrogen in
leaf and fruit tissues was determined after
mineralization with sulfuric acid using the
‘‘Kjeldahl method,’’ whereas the content of
the main inorganic ions (NO3

–, H2PO4
–, K+,

SO4
2-, Ca2+, Mg2+, Na+, Cl–) was determined

by means of ionic chromatography (Dionex
IC 25 Ion Chromatograph, 40 EG Eluent
Generator; Dionex Corporation, Sunnyvale,
CA) using an Ion Pac AS11-HC separation

column for the anions and an Ion Pac CS-12A
for the cations. The extraction of the ions was
carried out using the method described by
Elia and Santamaria (1995), using ultrapure
water for the anions.

Statistical analysis. The experiment was
conducted as a randomized complete block
design with four replicates; each experimen-
tal unit consisted of 12 plants. A two-way
fixed-effects general linear model analysis of
variance (ANOVA) was used to determine
the effects of salinity and the position/age of
the organs on the concentration of ions in the
leaves and fruit. Organ position and age were
considered together; when the interaction
was significant, the data were presented in
separate curves to show any differences in the
trend. For position/age as the main factor,
when significant differences were found, a
Student-Newman-Keuls post hoc multiple
comparison procedure was used to assess
significant differences between individual
means. Analyses were conducted on non-
transformed data. ANOVA was performed
for each ion based on replicates. Simple
regression models were adopted to determine
the linear and quadratic relationships be-
tween NaCl and each ion. For each one, the
simplest significant regression is reported and
discussed. An a level of 0.05 was selected for
the ANOVA and Student-Newman-Keuls
post hoc tests Statistical analyses were per-
formed with CoStat release 6.311 (CoHort
Software, Monterey, CA).

Results

Climatic conditions inside the green-
house. To better understand the effects caused
by the addition of NaCl to the nutrient so-
lution, it should be highlighted that the in-
terval between appearance and sampling of
the different organs changed depending on the
average climatic conditions throughout the
growing period (Table 1). The organs from
the first truss grew over a longer period
(+18%) than those of the fifth one as a result
of the lower air mean temperature (20.9 versus
24.9 �C) recorded during the growing interval.

Biomass production and partitioning. The
increase of the NaCl concentration in the
nutrient solution had clear effects on assim-
ilation shown by a reduction of up to 30% in
dry matter in the epigeous organs of the plant
(Fig. 1). Partitioning of the assimilates be-
tween the vegetative and reproductive por-
tions was not significantly affected (data not
shown).

Sodium and chloride concentration in leaf
and fruit. The increase in the NaCl concen-

tration in the nutrient solution caused a linear
increase in sodium and chloride in the leaves
as well as in the fruit tissues (Tables 2 and 3).
However, significant differences were re-
corded depending on the organ and its age
or position. Leaf I showed a higher level of
Na+ and Cl– than Leaf V (Table 2) and for
sodium, this difference was more pronounced
with increased salinity (from 0.58% to 2% in
Leaf I and from 0.27% to 1.6% in Leaf V)
(Fig. 2). Older leaves accumulated more Na+

(+16%) and Cl– (+25%) than younger leaves
(Table 2). Regarding fruit position, the basal
fruit had 0.20% Na+ and 1.12% Cl–, which
were, respectively, 42% and 27%, higher
than Fruit V (Table 3). Although sodium
and chloride increased in the plant organs
as NaCl increased in the nutrient solution, the
ratio between these ions varied according to
the position of the leaves as well as the fruit.
Compared with sodium, the accumulation of
chloride was twofold in Leaf I and threefold
in Leaf V, regardless of their age (Fig. 3). The
slope of the linear regression of Leaf I differs
significantly (P = 0.05) from that of Leaf V
and old leaf V. A similar result was also
observed for the fruit (Table 3).

Concentration of macronutrients in leaf
and fruit. The exposure of tomato plants to
increasing amounts of NaCl resulted in a
linear decline in concentration of total nitro-
gen, nitrate, sulphate, and potassium in leaves;
whereas the position and/or the age of the
leaves significantly influenced the content of
all macronutrients except phosphate (Table
2). A significant interaction was observed for
nitrogen and potassium in leaves in which the
pattern of reduction was not similar. Both
total (Fig. 2) and reduced nitrogen in Leaf V

Table 1. Duration and average climate conditions recorded during differentiation sampling interval.z

Duration
(days)

Vapor pressure
deficit (kPa)

Relative
humidity (%)

Temperature
(�C)

Radiation
(MJ�m–2�d–1)

Leaf I 60 0.9 64.5 20.9 13.8
Leaf V 50 1.3 60.7 24.8 13.9
Old leaf V 60 1.5 58.3 26.9 14.2
Fruit I 58 1.0 63.8 22.1 14.1
Fruit V 49 1.5 59.6 26.6 14.2
z‘‘I’’ and ‘‘V’’ indicate the position of the considered plant organ expressed as truss number.

Fig. 1. Effect of sodium chloride concentration in
the nutrient solution on epigeous dry matter
production in tomato (in this and in the follow-
ing figures, vertical bars indicate ± SE of the
mean; n = 4; their absence indicates that the
size was less than the symbol).
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(data not shown) showed no clear variation,
but a significant reduction in the older leaves
(from 3.63% to 3.17% for total nitrogen) was
recorded. In contrast, the reduction in potas-
sium was more evident in young Leaf V (–44%
and –35%, respectively, for Leaf V and old
leaf V) (Fig. 2). The trend in Leaf I was similar
to that observed in Leaf V, although the
concentration of K+ was always lower in Leaf
I and reached 1% in conditions of high salinity.

With increased salinity, the concentration
of Mg2+ changed in relation to the position of
the leaves. Leaf I was characterized by lower
ion content under saline conditions (–13%)
and Leaf V by higher ion content (+26%)
(Fig. 2).

Similarly, the increase of salinity in the
nutrient solution caused a linear decrease in
total nitrogen, phosphate, sulphate, potas-
sium, and magnesium in the fruit (Table 3).
However, a significant interaction was ob-
served for phosphate with a decreasing of the
ion concentration (–42%) only in Fruit V
(Fig. 4). Fruit position significantly affected
fruit ion levels, which were always higher in
the fruit of the first truss.

Discussion

Biomass production and partitioning. The
effect of salinity on dry matter production
and its influence on the partitioning of assim-
ilates between the leaves and fruit of tomato

Table 3. Mean effects of sodium chloride concentration in the nutrient solution and fruit position on mineral composition of tomato fruits (percent on dry weight
basis).z

NaCl (mM) Position Na+ Cl– N NO3
– H2PO4

– SO4
2– K+ Ca2+ Mg2+

7 0.08 0.63 2.22 — 1.02 0.28 3.91 0.13 0.15
21 0.15 0.91 2.16 — 0.93 0.14 3.75 0.12 0.14
37 0.18 0.94 2.16 — 0.87 0.25 3.69 0.15 0.14
49 0.20 1.16 2.11 — 0.87 0.13 3.56 0.14 0.14
64 0.26 1.34 2.02 — 0.85 0.10 3.55 0.13 0.12

Fruit I 0.20 a 1.12 a 2.15 — 1.05 a 0.27 a 3.87 a 0.16 a 0.15 a
Fruit V 0.14 b 0.88 b 2.12 — 0.77 b 0.08 b 3.51 b 0.11 b 0.12 b

Significancey

NaCl L*** L*** L** — L** L* L** NS L*
Position *** * NS — *** ** *** *** ***
Interactionx

NS NS NS — * NS NS NS NS

z‘‘I’’ and ‘‘V’’ indicate the position of the considered plant organ expressed as truss number.
yL = linear regression; NS = nonsignificant; *, **, and *** represent significance at 0.01 < P < 0.05, 0.001 < P < 0.01, and P < 0.001, respectively. In each column,
values followed by different letters differ significantly at P = 0.05 (Student-Newman-Keuls).
xData concerning significant interactions are presented separately.

Table 2. Mean effects of sodium chloride concentration in the nutrient solution and leaf position/age on mineral composition of tomato leaves (percent on dry
weight basis).z

NaCl (mM) Position/age Na+ Cl– N Reduced N NO3
– H2PO4

– SO4
2– K+ Ca2+ Mg2+

7 0.37 1.75 3.31 3.04 1.21 1.45 3.71 2.76 4.83 1.04
21 0.65 2.80 3.13 2.90 1.03 1.44 3.50 2.43 4.75 1.10
37 1.03 3.63 3.17 3.01 0.68 1.44 2.93 2.02 4.71 1.06
49 1.27 4.90 3.04 2.91 0.59 1.50 3.11 1.72 4.63 1.03
64 1.39 5.73 3.03 2.92 0.50 1.61 3.12 1.51 4.95 1.06

Leaf I 1.42 a 4.49 a 2.59 b 2.31 b 1.22 a 1.48 3.79 a 1.61 c 6.00 a 1.60 a
Leaf V 0.65 c 3.02 c 3.46 a 3.29 a 0.74 b 1.48 3.19 b 2.47 a 4.34 b 0.81 b
Old leaf V 0.75 b 3.78 b 3.36 a 3.26 a 0.45 c 1.50 2.84 b 2.17 b 3.97 c 0.76 b

Significancey

NaCl L*** L*** L** NS L*** NS L* L*** NS NS

Position/age *** ** *** *** *** NS *** *** *** ***
Interactionx *** NS * * NS NS NS *** NS *
z‘‘I’’ and ‘‘V’’ indicate the position of the considered plant organ expressed as truss number.
yL = linear regression; NS = nonsignificant; *, **, and *** represent significance at 0.01 < P < 0.05, 0.001 < P < 0.01, and P < 0.001, respectively. In each column,
values followed by different letters differ significantly at P = 0.05 (Student-Newman-Keuls).
xData concerning significant interactions are presented separately.

Fig. 2. Concentrations of ions (mean ± SE) in different leaves in relation to sodium chloride concentration in
the nutrient solution.
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has been well documented (Mavrogianopoulos
et al., 2002). The harmful effects of NaCl
salinity have been traced to the alteration of
the water balance resulting from the osmotic
potential of the nutrient solution (Erdei and
Taleisnik, 1993) to a disturbance in metabo-
lism caused by high Na+ and Cl– concentra-
tions in plant tissues (Greenway and Munns,
1980) and to the inhibition of the absorption
of nutrients by plant roots (Greenway and
Munns, 1980). Therefore, the low biomass
yield under salinity obtained in this study
confirmed the observations made by the pre-
viously stated authors in their independent
studies.

Sodium and chloride concentration in leaf
and fruit. The increasing NaCl concentration
of the nutrient solution determined a remark-
able accumulation of Na+ and Cl– in tomato
leaves and fruits (Cuartero and Fernández-
Muñoz, 1999) as well as in other vegetable
(Colla et al., 2006; Rouphael et al., 2006) and
floricultural crops (Carter and Grieve, 2008).
The greater aptitude of basal leaves to accu-
mulate sodium, as a result of increasing the
level of NaCl in the root environment, could

be related to water transpired by the leaves
because Na+ is transported to shoots in the
transpiration stream in the xylem (Munns and
Tester, 2008; Tester and Davenport, 2003).
Contrary to the results for Na+, we did not
find an interaction between leaf position and
salinity to explain Cl– uptake. This is because
of the different transport mechanisms of ions
and the patterns of accumulation and/or par-
titioning (White and Broadley, 2001).

The higher Na+ and Cl– levels in the basal
leaf (Leaf I) may also be the result of the
longer period of exposure to salinity than the
upper leaf (Leaf V) as reported by del Amor
et al. (2001). This hypothesis is also con-
firmed by the greater level of the two ions in
old leaves as compared with young ones
(Leaf V) and agreed with Soliman and Doss’s
(1992) observations; the old leaves transpired
for a longer time and this could influence
accumulation. Besides, the older leaves acted
as tissue for the accumulation of excess ions,
maintaining low concentrations in the youn-
ger tissue (Munns and Tester, 2008). How-
ever, according to our results, the similar
trend of ion in leaves of different ages, in-
creasing salinity in the nutrient solution, did
not confirm the hypothesis of Maggio et al.
(2007) concerning possible mechanisms aim-
ed at preserving the photosynthetic apparatus
of younger leaves above a certain salinity
threshold.

Unlike that which has been reported by
Satti et al. (1994) for sodium and Sonneveld
and Van Der Burg (1991) for chloride, the
levels in the fruit of both clusters were less
than those found in the leaves, suggesting that
only the leaves acted as accumulation organs.
Concerning the position of the fruit, the
higher content of Na+ and Cl– on the basal
truss can be explained, like in the case of the
leaves, by the longer period of exposure to
salinity (del Amor et al., 2001).

Concentration of macronutrients in leaf
and fruit. Regarding the effect of the pres-
ence of NaCl in the nutrient solution on the
level of nutrients in the plant tissues, the
slight reduction in total nitrogen found in the
leaves could be related to a reduced NO3

–

uptake resulting from competition with Cl–

(Papadopoulos and Rending, 1983). How-
ever, in salinity conditions, the absorption
of NO3

– may be more closely linked to
reduced water absorption rather than to
antagonism with Cl– (Abdelgadir et al.,
2005). The pattern of total and reduced nitro-
gen in leaves of different ages is in line with
the results of Mavrogianopoulos et al. (2002),
who found a clear reduction only in the leaves
that had been under stress for a longer period.
The observed effect of salinity on the level of
nitrogen (N) in leaves cannot be considered
particularly important because the N concen-
tration in all treatments was within the
sufficiency range (Jones et al., 1991).

The absence of any clear effect of NaCl
salinity on the leaf phosphate concentration is
consistent with previous results on tomato
(Mavrogianopoulos et al., 2002) and other
vegetable crop (Kawasaky et al., 1983; Savvas
and Lenz, 1996). In contrast to the leaves, we

found a significant reduction of the ion
concentration in the fruit when NaCl was
increased in the nutrient solution. This is
probably related to the lower amount of
phosphate that reaches the stressed fruit as a
result of the equal influx concentration at
different levels of salinity (Magán et al.,
2005) and the lower water influx (Xu et al.,
1995). This effect was more pronounced for
the fruit of the fifth truss; at this stage, the flux
of water to the fruit is more highly affected
by competition between a greater number of
transpiring organs; thus, the aforementioned
effect was more significant.

Very little attention has been paid to the
influence of salinity on sulfur uptake and
accumulation in crops. In our research, the
leaf content of SO4

2– decreased as salinity
increased up to 37 mM of NaCl; similar
results have been observed by Fernández-
Garcı́a et al. (2004) for grafted tomato plants.
The reduction in sulphate leaves and fruit
seems to be related to Cl– salinity, which
enhances the accumulation of sulfur in the
roots (Mor and Manchanda, 1992).

Numerous studies on tomato as well as
other crops have shown that the K+ concen-
tration in plant tissue is reduced as Na+ in the
root media increases (Carvajal et al., 1999;
del Amor et al., 2001). The mechanism
involved may be related to the competition
between sodium and potassium for the site
of absorption on the plasmalemma (Mills
et al., 1985) and to the K+ uptake through
highly selective pathways, whereas Na+

appears to move through less selective sys-
tems (Maathuis and Amtmann, 1999). The
K+ decrease observed at increasing levels of
salinity was more evident in Leaves V than in
the old leaves in relation to the reduction in
water uptake, which was higher in young
leaves than in old ones. Data obtained by Hu
and Schmidhalter (1997) on wheat show that,
although salinity causes a decrease in the
accumulation of K+ in the leaves, if an
optimal level of potassium fertilization was
adopted, no deficiency of the element is ob-
served. Such results do not concur with ours,
because we worked under optimal potassium
availability; however, all the leaves reached
potassium concentrations considered to be
deficient (Hochmuth et al., 2004).

Reduction of potassium in the fruits, as a
result of the increase of salinity in the nutrient
solution, has to be considered because of the
role that potassium plays on the quality of the
berries. Numerous studies have indeed evi-
denced a positive correlation between potas-
sium and titratable acidity (Petersen et al.,
1998), the level of carotenoids, and, in par-
ticular, of lycopene (Fanasca et al., 2006),
and a negative correlation between potassium
in fruit and physiological disorders like
blotchy ripening (Winsor and Massey, 1958).

The Ca2+ uptake did not clearly compete
with that of Na+ in the root environment as
indicated by the leaf and fruit concentration
of Ca2+ and as previously reported by other
investigators (Carvajal et al., 1999). This is
because the Ca2+ variation in saline conditions
is profoundly influenced by environmental

Fig. 3. Relationships between sodium and chloride
concentrations in different leaves. The linear
regressions are y = 0.54x – 65.2 for Leaf I, y =
0.32x + 9.15 for Leaf V, and y = 0.33x – 30.13
for old leaf V. Double asterisks (**) indicate
that the linear regressions are significant for
0.001 < P < 0.01.

Fig. 4. Phosphate concentration (mean ± SE) in
different fruits in relation to sodium chloride
concentration in the nutrient solution.
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factors (Scaife and Clarkson, 1978) and tran-
spiration (Xu et al., 1995).

Increases in salinity are not always asso-
ciated with reductions in leaf Mg2+ concen-
tration (Carvajal et al., 1999; del Amor, et al.,
2001). The different patterns shown by Leaf
I and V are consistent with the fact that Mg2+

is a phloem mobile nutrient (Bukovac and
Wittwer, 1957). Although many studies have
analyzed the Mg2+ content in vegetative plant
tissues in relation to salinity, few have con-
sidered the Mg2+ level in fruits. The decrease
of the Mg2+ concentration in fruit resulting
from the increase of salinity is in agreement
with the findings of del Amor et al. (2001).

Conclusion

The levels of Na+ and Cl– found in the
plant tissues confirmed the hypothesis that
plant dry biomass reduction may also be
traced to the toxicity of these ions as a
consequence of their high concentrations.
On the other hand, although generally influ-
enced by antagonism with Na+ and Cl–, the
amount of main macronutrients did not reach
deficiency levels that influenced the growth
processes, except in the case of potassium.
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