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Introduction

Eichhornia crassipes Solms
(Pontederiaceae) and Pas-
palum repens Berg (Poaceae)
are two of the most important
and abundant aquatic macro-
phytes in large tropical rivers.
In the Amazon River, both
are among the main compo-
nents of the aquatic vegeta-
tion, covering extensive water
areas (Junk, 1970). In the
Paraná floodplain the reten-
tion of organic and inorganic
sediments by E. crassipes

represents a significant frac-
tion of the annual nutrient re-
tention within the meadows
(Poi de Neiff et al., 1994).

The Orinoco River is one
of the largest rivers of the
world, ranking third in terms
of water discharge, with a
mean of 36000 m3/s (Meade
et al., 1983). However, to
date there have been rela-
tively few limnological stud-
ies in the Orinoco (Vásquez
and Wilbert, 1992).

The flow of the Mánamo
River, a distributary of the

Orinoco, was regulated by the
construction, in the 1960s, of
a dam that transformed this
river channel into an estuary
influenced by daily tides. Be-
fore the construction of the
dam, the population size of
the floating meadows, com-
posed mainly of E. crassipes
and P. repens, was controlled
by strong river currents and
the rise and fall of the water
level during the annual flood-
ing of the Orinoco (Colon-
nello, 1998). Similar control
mechanisms were reported for

these species in the Amazon
River (Junk, 1970).

After the river diversion
and the increased seawater in-
fluence, three main changes
occurred in relation with the
aquatic plant communities: i)
rooted and floating meadows
disappeared from the lower
stretch of the river (Colon-
nello, 1996), probably impact-
ing the vertebrate and bentic
communities associated with
the roots of the plants, as re-
ported by Junk (1973) in the
Amazon River and by Neiff

SUMMARY

We describe a saline gradient established by the damming
of the Mánamo River, a former freshwater environment, in the
Orinoco Delta and the influence of this gradient on the distribu-
tion of Eichhornia crassipes Solms (water hyacinth), and
Paspalum repens Berg, the two most abundant aquatic macro-
phytes. The present work demonstrates, on the basis of measure-
ments of leaf osmolality and ion concentrations, that salinity is
acting in the dammed river as a regulator of the studied spe-
cies. E. crassipes is a potential weed which was originally con-

trolled by the hydrodynamics of waters in the Orinoco River.
Plants and river water were sampled in ten sites, three of them
with high salinity. The osmolality as well as relative proportions
of the main soluble ions explain the relative tolerance to salinity
of E. crassipes in comparison with P. repens. In sites where both
species were present, the K+/Na+ ratio in the leaf sap was
higher in E. crassipes than in P. repens.
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and Carignan (1997) in the
Paraná River; ii) clusters of
plants started to accumulate
in certain portions of the river
system, especially on the
smaller tributaries and along
the shores of the river course,
constituting a weed problem
(Colonnello, 1996); and iii)
mangrove communities in-
creased their upstream distri-
bution as a result of the in-
crease of the salinity in the
soil (Colonnello and Medina,
1998). The clusters are cur-
rently removed from the
shores and slowly driven
downstream by the tidal cur-
rents, only a few floating
mats arriving at the sea, as
most are destroyed before
they reach the river mouth.

Worldwide, E. crassipes is
present in a large range of
habitats, particularly the more
lentic waters such as small
creeks, irrigation channels,
reservoirs and lagoons, consti-
tuting a serious weed problem
(Thyagarajan, 1984). The
small investment in leaf con-
struction (Spencer et al.,
1997) and a relatively high
photosynthetic rate of 21
µmol CO

2
 m2/s (Patterson and

Duke, 1979), partially explain
this “weedy” behaviour.  E.
crassipes may occupy brack-
ish environments; neverthe-
less, the range of lethal salini-
ties reported by different au-
thors (Table I) is wide, prob-

ably because some studies
were done in tanks and others
in natural conditions, and also
because ecotypes with differ-
ent salt tolerance may exist.

The general way to express
salinity for sea water is as
parts per thousand (0/

00
 = g/l).

Muramoto et al. (1991) meas-
ured salinity in water with a
salinometer and estimated
chloride as follows: S (g/l)=
1.8065 Chloride (g/l) (Interna-
tional Oceonagraphic Tables).
Neither Haller et al. (1974)
show sodium concentrations
to indicated salinity in water.
In order to make comparisons
with results from other au-
thors, salinity is expressed in
the present work as parts per
thousand in the water.

In halophytes, the osmolal-
ity of the cell sap and its ionic
composition change in re-
sponse to NaCl was studied

RESUMO

Se descreve um gradiente salino estabelecido pela constru-
ção de uma represa no Cano Mánamo e sua influência sobre a
presença das duas principais espécies de macrófitas aquáticas,
Eichhornia crassipes Solms e Paspalum repens Berg. Este traba-
lho estabelece, mediante medições da  osmolalidade e concen-
tração iônica nas folhas, que a salinidade está atuando como
agente regulador das populações das citadas espécies no caos

que antes do represamento eram controladas pelas crescentes
anuais. Se estabeleceram dez lugares de amostragem, três deles
com alta salinidade. A osmolalidade assim como a proporção
relativa dos principais  iones solúveis explica a maior tolerância
de E. crassipes comparada com a de P. repens. Nos lugares
onde ambas espécies estavam presentes, a relação K+/Na+ no
suco vacuolar em E. crassipes foi maior que em P. repens..

RESUMEN

Se describe un gradiente salino establecido por la
construcción de una represa en el Caño Mánamo y su
influencia sobre la presencia de las dos principales especies de
macrofitas acuáticas, Eichhornia crassipes Solms y Paspalum
repens Berg. Este trabajo establece, mediante mediciones de la
osmolalidad y concentración iónica en las hojas, que la
salinidad está actuando como agente regulador de las
poblaciones de las citadas especies en el cauce que antes del

represamiento eran controladas por las crecientes anuales. Se
establecieron diez sitios de muestreo, tres de ellos con alta
salinidad. La osmolalidad así como la proporción relativa de
los principales iones solubles explica la mayor tolerancia de E.
crassipes comparada con la de P. repens. En los sitios donde
ambas especies estaban presentes, la relación K+/Na+ en el jugo
vacuolar en E. crassipes fue mayor que en P. repens.

by several authors (Rozema,
1976, 1991; Albert and Popp,
1977; Popp, 1984; Medina et
al. 1990; Medina and Fran-
cisco, 1997). However, studies
of salinity effects on the ion
relations of non-halophytic
aquatic plants are scarce
(Warwick and Bailey, 1997).

Osmolality values have not
been reported for E. crassipes
and P. repens. These vari-
ables associated with the ion
composition of the cell sap
can be useful to explain the
presence of E. crassipes in
brackish waters, and to com-
pare its salt tolerance with
that of P. repens.

The hypotheses considered
in this work are: i) The pres-
ence of the rooted and float-
ing communities of aquatic
plants (E. crassipes and P.
repens) in Mánamo River is
controlled by the increasing

ion content of the waters to-
ward the mouth of the river
course; ii) Leaf damage and
plant disappearance are asso-
ciated with very high osmola-
lity values and ion content of
the leaf sap, due to the salt
concentration in the waters,
which is not tolerated by non-
halophytic plants; and iii) Sa-
linity tolerance, osmolality,
and inorganic ion content are
expected to be higher in E.
crassipes (a potential weed)
than in P. repens, correspond-
ing to their distribution along
the river course.

The objective of the present
work is to describe a sodium
concentration gradient estab-
lished by the dam construc-
tion in a former freshwater
environment and its influence
on the distribution of two
abundant non-halophytic mac-
rophytes.

TABLE I
LETHAL LEVELS OF SALINITY FOR E. CRASSIPES.

Salinity (g/l) Chloride (mol/m3) Reference

2.19 (2 g NaCl/l) 34 Penfound and Earle (1948)
3.29 (3 g NaCl/l) 51 Zhenbin et al. (1990)
3.33 52 Haller et al. (1974)
6.30 98 Muramoto et al. (1991)
8.76 (8 g NaCl/l) 137 De Casabianca and Laugier (1995)

The original reference value is indicated in parenthesis when the salinity was calculated. The concentration
of chloride was calculated in each case with the following formula: Salinity (g l-1)= 1.8065 Chloride (g l-1)
(see text).
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Study Site Description

Figure 1 shows the Mánamo
River and the sampling sites.
The site locations are listed in
Table II. The hydrological be-
haviour of the Orinoco Basin,
including the delta distribu-
taries, is characterized by a low
water period (December to
May), followed by a high wa-
ter period (June-November)
caused by seasonal rainfall in
the Basin (Paolini et al. 1983)

The lowest values of pH and
cations in water samples col-
lected from Tucupita site to
Pedernales along the Mánamo
River were 15.97 mmol Ca++/
m3, 24.81 mmol K+/m3, 13.58
mmol Mg++/m3 and pH 6.04
(Paolini et al. 1983). Lower
values were reported by Junk
(1982) where E. crassipes was
found in the reservoir of the
Curuá-Una River in Amazonia:
0.25 mmol Ca++/m3, 4.09 mmol
K+/m3,1.23 mmol Mg++/m3 and
pH 4.1. The higher nutrient
content observed in the

Mánamo River in contrast with
the Curuá-Una River where E.
crassipes grows, suggests that
there is no nutrient restriction
for growth of this species in
the Mánamo River.  Values of
37, 29, and 59 mmol/m3 total
nitrogen and 7, 5, and 8 mmol/
m3 total phosphorus have been
reported in Tucupita, Mánamo
and Pedernales, respectively
(Monente and Colonnello,
1997). These values are high
compared with those found in
other rivers (Meybeck, 1982).
The aquatic plants were full
sun exposed even when they
were located in the river shores
and did not have water limita-
tions. Instead, salinity is a
likely restriction for the occur-
rence of these aquatic plants.

Material and Methods

River Water Sampling

Water samples corresponding
to the high and low water
stages of the Orinoco river

Figure 1. Location of the sampling sites.

TABLE II
LOCATION OF  THE TEN SITES WHERE SODIUM AND POTASSIUM CONCENTRATION AND THEIR RATIO WERE

EVALUATED IN THE RIVER WATER.

Site Latitude Na+ in river water K+ in river water Na+/K+ in  river water Salinity E. crassipes  P. repens
Longitude (mmol/m3) (mmol/m3) (g/l)

August January August January August January August January August January August January

Tucupita 9º03’35”N
62º03’38”W 55±0 44±1 44±0 30±0 1.3±0.0

a,j
1.5±0.0

a,k
3.10-3 2.10-3 + + + +

Mánamo 9º09’56”N

62º09’37”W 79±1 45±1 52±0 30±0 1.5±0.0
b,j

1.5±0.0
a,j

5.10-3 3.10-3 + + + +

Junction 9º22’19”N
62º19’47”W 107±2 53±1 73±0 34±0 1.5±0.0

b,j
1.6±0.0

a,j
6.10-3 3.10-3 + + + +

Morichal 9º25’46”N
Largo 62º26’04”W 212±4 190±7 97±1 47±0 2.2±0.1

c,j
4.1±0.2

b,k
18. 10-3 16. 10-3 + + + +

Morichal 9º26’34”N
Mouth 62º24’13”W 126±2 113±2 75±1 37±0 1.7±0.0

d,j
3.1±0.1

c,k
7.10-3 6.10-3 + + + +

Boca 9º30’42”N
de Tigre 62º26’13”W 145±2 122±2 80±0 37±0 1.8±0.0

e,j
3.3±0.1

c,k
8.10-3 7.10-3 + + + +

Güina 9º38’45”N
Morena 62º22’29”W 208±2 430±13 83±0 50±0 2.5±0.0

f,j
8.6±0.3

d,k
22.10-3 45.10-3 + + + +

Bagre Island 9º48’14”N

62º18’58”W 866±30 59828±1940 144±16 1892±34 6.0±0.2
g,j

31.6±0.9
e,k

49.10-3 3.41 + - - -

Pedernales 9º55’32”N

62º18’18”W 31692±381 114707±6307 1935±17 3157±64 16.4±0.2
h,j

36.4±2.3
e,k

1.30 8.26 + - - -

Muelle 9º58’06”N

62º15’33”W 47712±536 211350±5673 2325±18 7489±85 20.5±0.2
i,j

28.2±0.7
ef,k

1.95 8.63 + - - -

Salinity was calculated in each case as in Table I. Values given are mean ± SE of seven samples collected at each site. Values bearing the same sub-
scripts are not significantly different at P ≤ 0.05, based on the t-test. The first subscript refers to the comparison of columns (sites) and the second to rows
(high, and low water, August and January respectively). The presence (+) or absence (-) of E. crassipes and P. repens is indicated in each case.
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were collected in August and
January, respectively, in the
root zone of the floating plants.

Plant Material

Length and weight of all (8
to 14) leaves, including the
petiole, from 4-8 individuals
of E. crassipes per sampling
site were measured in the
field during the high water
period. The plants were de-
fined as single individuals
and not as a group of inter-
connected parts of a mat.
Dead leaves were counted
and the results expressed as a
percentage of the total num-
ber of leaves. Plants of E.
crassipes and P. repens were
sampled in mats anchored to
the river shores and not in

Leaf sap osmolality was de-
termined using a 5500 XR os-
mometer (Wescor Inc.). Na+

and K+ in water and plant
samples were determined in
appropriately diluted samples
by atomic absorption spectrom-
etry, using a Techtron AA6
spectrophotometer (Varian).
The inorganic anions chloride,
fluoride, sulphate, sulphite, ni-
trate and phosphate were deter-
mined by ion-chromatography
(Dionex DX-100) using an Ion-
Pac AS4A separation column
fitted with an Ion Pac AG4A
guard column. The eluent solu-
tion was 1.8 mol/m3 Na

2
CO

3
,

1.7 mol/m3 NaHCO
3
 at a flow

rate of 2 ml/min and water was
used as a regenerant in the an-
ion self-regenerating supressor
(4 mm).

Results

Sodium, Potassium
and Anions in the River
Waters

An increase in the concen-
tration of Na+ and K+ was ob-
served in the river water
along the geographic gradient
from Tucupita to the river
mouth (Table II). When the
concentration of both ions in-
creased in the geographic gra-
dient, the increase in Na+ was
higher than in K+ and the ra-
tio increased significantly,
even when salinity was low.
Although an increase in salin-
ity was observed in the geo-
graphical gradient, most sam-
pling places had a salinity
corresponding to freshwater
concentrations. The ratio Na+/
K+ for water is shown instead
of K+/Na+, as the second one
gives very low values, which
was not the case for plants
(Table IV).

At all sites, excepting Má-
namo (9° 09’N), a higher
value of the Na+/K+ ratio in
the river water was obtained
in the low water period
(January) than in the high
water period (August). The
largest increase in salinity
was observed during low wa-
ter period at Bagre Island
site (9º 48’ N) . E. crassipes
was found in sites where the
river water had a Na+ con-
centration ≤ 47,712 ± 536
mmol/m3. Plants of the two
species under study were ab-
sent from the sites where the
highest values of Na+ were
obtained in the low water pe-
riod. Plants of P. repens
were found at sites with a
Na+ concentration ≤ 866 ± 30
mmol/m3.

The highest concentrations
of Na+ and K+ occurred dur-
ing the low water period
(January), reaching values of
211 mol Na+/m3 and 7 mol
K +/m3, respectively, in
Muelle. During the high water
period (August), K+ values
were generally low (44 to
144 mmol/m3) with the ex-
ception of Pedernales and
Muelle, close to the river
mouth, where values reached
2 mol/m3.

free-floating islands. P. repens
was not present in all the
floating mats.

Laboratory Analysis

Mature leaves of E. cras-
sipes and Paspalum repens
were cut into small segments
by the use of razor blades,
placed in 10ml plastic sy-
ringes and stored in liquid ni-
trogen. The petioles of water
hyacinth and the tips and
bases of the leaves of P.
repens were not included in
the samples. Five replicates of
each species were collected at
each site and transported to
the laboratory, where the leaf
sap was extracted by centrifu-
gation (10 minutes, 3000
rpm).

TABLE III
MAIN ANIONS IN RIVER WATER SAMPLED DURING THE LOW WATER SEASON

(JANUARY).

Location  Chloride Sulphate Nitrate
(mmol/m3)

Tucupita    33 ± 1   27 ± 0 8 ± 0

Mánamo    40 ± 2   29 ± 2 13 ± 1

Junction    46 ± 1   34 ± 0 12 ± 0

Morichal Largo  257 ± 8   9 ± 0 0 ± 0

Morichal Mouth    99 ± 5   33 ± 1 10 ± 0

Boca de Tigre  109 ± 6   34 ± 2 14 ± 1

Güina Morena  703 ± 1   55 ± 1 12 ± 0

Bagre Island  53307 ± 205  2738 ± 15 346 ± 20

Pedernales 128903 ± 394   6557 ± 227 686 ± 22

Muelle 134804 ± 188 14194 ± 32 803 ± 8

Values are mean ± SE (n=7).

TABLE IV
OSMOLALITY AND ION CONCENTRATION IN THE LEAF SAP OF E. crassipes

AND P. repens SAMPLED IN GÜINA MORENA.

E. crassipes P. repens
August January August January

Osmolality (mmol/kg) 309 ± 11
bc

342 ± 3
c

 246 ± 4
a

308 ± 2
b

K+(mol/m3) 155 ± 12
a

298 ± 11
a

 141 ± 2
a

189 ± 21
a

Na+ (mol/m3) 0.36 ± 0.03
a

0.29 ± 0.03
a

 1.24 ± 0.10
b

0.37 ± 0.04
a

K+/Na+ 431 1028 114 511

Values are mean ± SE (n=5). Values in the same row bearing the same subscripts are not significantly dif-
ferent at P≤ 0.05, based on a Student’s t-test.
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species in each season,
E.crassipes had higher values
of K+/Na+ than P. repens. The
contribution of K+ to the os-
molality was 50 to 80% in E.
crassipes and 57 to 61% in
P. repens, at Güina Morena.

The highest osmolality in
the leaf sap of P. repens was
359 mmol/kg (during low wa-
ter). In E. crassipes the osmo-
lality was 927 mmol/kg,
twice that recorded for P.
repens (Figure 3). The lowest
value of osmolality was 271
mmol/kg for E. crassipes and
236 mmol/kg in P. repens in
high water. In all cases the
K+ concentration in the leaf
sap was higher than that of
Na+ in P. repens.

Chloride and sulphate were
the main inorganic anions in
the two species evaluated
(Figure 4). In E. crassipes
chloride values were higher
than in P. repens. In the latter
species, sulphate was higher
than in E. crassipes. The
presence of sulphite (2.0 to
4.9 mol/m3) was observed in
E. crassipes, but not in P.
repens.

Discussion

Sodium, Potassium and
Anions in River Water

The dam caused the prolif-
eration of water hyacinth due
to the suppression of the an-
nual flood, which washed the
plants out to the ocean before
the construction of the dam.
However, the high salinity in
the lower stretch of the river
acts as a new natural control,
keeping the navigation chan-
nel free (Colonnello, 1998).
The presence of E. crassipes
during August in saline sites
suggests that it has a higher
salt tolerance than P. repens.

The proportions of the ma-
jor ions in the water of the
more saline sites studied in
the present work, Na+>K+

(Table II), were similar to
those observed in the delta
apex (Orinoco main channel),
in the locality of Barrancas
(Lewis and Saunders, 1990),
where Na+ represented 24%
and K+ 6% of the cations,
with values of 65 and 18

The most abundant anions
measured in river water were
chloride (Table III), reaching
values of 135 mol/m3, and sul-
phate, with a maximum of 14
mol/m3, near the Atlantic
Ocean. Nitrate concentrations
≤ 14 mmol/m3 were measured,
with the exception of the three
sites close to the river mouth,
where values ranged from 0.3
to 0.8 mol/m3.

Phosphate was not detected
in the water samples by the
methodology employed, with
a limit of detection of 1 mg/l
ionic phosphate.

Plant Size

E. crassipes plants near the
sea had shorter leaves and
lower weights (Figure 2). At
Bagre Island and Pedernales
plants had 33% and 45%
dead leaves, with a Na+ con-
centration in the water of
0.87 and 31.7 mol/m3, corre-
sponding to a salinity in the
river water of 0.05 and 1.3 g/
l, respectively (Table II).  At
the other sampling sites no
dead leaves were observed.

Osmolality and Inorganic
Ions in the Plants

There were no significant
differences in the osmolality
of E. crassipes collected in
high and low water at Güina
Morena, the most saline site
studied in the present work
where both species coexist in
high and low waters (Table
IV). At this site the osmolal-
ity of P. repens was lower
than that obtained in E.
crassipes, and there were dif-
ferences in the osmolality of
P. repens in the two seasons.
In both E. crassipes and P.
repens, no differences were
observed in K+ between sea-
sons. In August and January
E. crassipes showed similar
concentrations of Na+ in
Güina Morena, whilst for P.
repens higher concentrations
were found in August. In
both cases, however, Na+ con-
centrations were much lower
than those of K+. During the
low water season, the K+/Na+

ratio in the leaf sap was
higher than during the high
water period. Comparing both

mmol/m3 respectively. Similar
sulphate (24 mmol/m3) and
chloride concentrations (25
mmol/m3) were found in Bar-
rancas. Due to the proximity
of the sea, however, chloride
was the main inorganic anion
in the Mánamo River, reach-
ing values of 135 mol/m3 in
low water (Table III). The
corresponding value of Na+

was 211 mol/m3.  The higher
concentration of Na+ in rela-
tion to Cl- suggests the pres-
ence of carbonates in order to
maintain the ionic balance.
Lewis and Saunders (1990)
reported an important contri-
bution of carbonates (63% of
the total anions) in the
Orinoco River at Barrancas.

Size, Osmolality and
Inorganic Ions in the Plants

A reduction in leaf length
and plant weight was found
at the sampling sites with
higher Na+ concentrations,
where visible leaf damage
was also observed. Muramoto
and Oki (1988) found an in-
crease of the percentage of
dead leaves of water hyacinth
with increasing salinity in the
test solution. Muramoto et al.
(1991) reported a lethal level
of salinity for this species be-
tween 20-25% of sea water.
De Casabianca and Laugier
(1995) reported a reduction in
biomass and production, as
well as necrosis on the larger
leaves with salinities of 50
mol Cl-/m3 (2.9 g/l NaCl).
They reported zero production
and plant damage at a salinity
of 103 molCl-/m3 (6 g/l NaCl)
and irreversible damage over
137 mol Cl-m3 (8 g/l NaCl).
The present study shows a sa-
linity of 3.41 g/l to be lethal
for E. crassipes (Table II). In
Mánamo River, values of
0.05 and 1.30 g/l salinity,
corresponding to 0.87 and 32
mol Na+/m3 respectively,
caused a reduction in leaf
size and an increase in the
proportion of dead leaves in
E. crassipes (Figure 2) and
were lethal for P. repens
(Table II).

The ion ratios in the cell
sap are very often specific to
the family and species of

Figure 2. Leaf length and total leaves fresh weight of E. crassipes
sampled during the high water period in: Tucupita (T), Mánamo
(M), Morichal Mouth (MM),  Boca de Tigre (BT), Güina Morena
(GM), Bagre Island (BI) and Pedernales (P). The weight of
Tucupita plants was not determined. The values represent the aver-
age ± SD (n = 8-14 leaves by plant from 4-8 plants by sampling
site). Values of sodium concentration in river water are indicated
for each site in August, when the plants were sampled.
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plant (Larcher, 1995). E.
crassipes and P. repens pre-
sented high values of the K+/
Na+ ratio. In halophyte di-
cotyledons lower values of
K+/Na+ ratios have been re-
ported, as compared with
monocotyledons (Albert and
Popp, 1977; Rozema, 1991);
however, the species under
study are non-halophytic.
Poaceae are generally known
as “potassiophile” because
they maintain a K+ prefer-
ence even under saline con-
ditions, due to an alkali ion
uptake system which exhibits
extremely high affinity to K+

at high Na+ excess or differ-
ent Na+ avoidance mecha-
nisms (Albert and Popp,
1977). In the Pontederiaceae
E. crassipes higher values of
K +/Na+ ratio than in the
monocotyledon P. repens
were observed.

High values of K+/Na+ were
found in E. crassipes and P.
repens at Güina Morena
(Table IV). The capacity of
plants to maintain a high cy-

tosolic K+/Na+ ratio is one of
the key elements in salinity
tolerance (Maathuis and
Amtmann, 1999). However,
the K+/Na+ ratio of E.
crassipes in August was low
in samples collected at
Pedernales and Muelle (3.09
±1.38 and 0.99 ±0.44 mol/
mol, respectively, calculated
with data from Figure 3).
Warwick and Bailey (1997)
reported values of K+/Na+ be-
low 1 in the non halophytic
wetland macrophytes Amphib-
romus fluitans, Potamogeton
tricarinatus and Thiglochin
procera, placed in NaCl treat-
ments between 2 and 6 g
NaCl/l. They proposed that
this ratio, and not necessarily
the absolute values of ions,
contribute to leaf mortality,
and also observed a strong
change in the ratio in the leaf
age gradient in A. fluitans.
These authors indicated that
non-uniform distribution of
Na+ and K+ between leaves of
different ages had been re-
ported in other non halophytic

plants, such as Oryza sativa
and Hordeum vulgare. More-
over, Yeo and Flowers (1982)
proposed this served as a
mechanism that protects
young tissue of rice from
Na+.

There is no relationship be-
tween osmolality and K+ or
Na+ in E. crassipes or P.
repens when osmolality was
below approximately 400
mmol/kg (Figure 3).  Similar
values of osmolalities associ-
ated with different ion con-
centrations in the leaf sap can
be explained because, besides
the inorganic ion contribution
to osmolality, there are other
compounds, such as sugars,
organic acids and aminoacids,
not measured in this work,
which have a role in the os-
molality of these plants.

 On the other hand, osmo-
lalities higher than approxi-
mately 400 mmol/kg in E.
crassipes are associated with
high potassium and sodium
concentrations (Figure 3).  In
Phragmites australis, in the

Yellow River Delta of China,
Na+ content in leaves was also
high (135 mmol/l) in the salt
meadow site (Zhao et al.,
1999).

The anions in the leaf sap
were not analysed at high wa-
ter, when osmolalities near
1000 mmol/kg were obtained
(Figure 4). At low water the
plants did not survive the
high salinity and such osmo-
lalities were not observed.

There was no relationship
between osmolality and inor-
ganic anions (Figure 4).
High values of Cl- are not
shown because the anions in
the sap were only measured
in low waters, when E.
crassipes and P. repens were
absent in Pedernales and
Muelle (Table II), where we
measured the high osmolali-
ties observed in August (Fig-
ure 3).

Sulphate is a main anion
constituent of the cell sap of
P. repens (Figure 4), in addi-
tion to Cl-, similarly to
Crypsis aculeata and Carex

Figure 4. Contribution of inorganic anions to the osmolality of E.
crassipes and P. repens during low waters in January: Chloride
(circles), fluoride (rhombus), sulphate (triangles), sulphite (inverted
triangles), nitrate (squares) and phosphate (hexagons).

Figure 3. Contribution of potassium and sodium to the osmolality
of E. crassipes (circles) and P. repens (triangles), sampled during
high waters in August (bold symbols) or low waters in January
(light symbols).
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distans (Albert and Popp,
1977).

Conclusions

- The high Na+ concentra-
tion in the river water at
the sites with high salt
content during the low wa-
ter season (up to 211 ± 6
mol/m3) prevented occur-
rence of both species.

- Changes in Na+ concentra-
tion and Na+/K+ ratio in
the water in the different
sites showed more sensi-
bility than salinity (g/l).
These parameters are suit-
able for the interpretation
of the presence of non-
halophytic plants when
they are related to the K+/
Na+ ratio in the sap, a re-
lation commonly used to
understand salinity toler-
ance in plants.

- K + in the leaf sap of E.
crassipes is higher than in
P. repens. When samples
of the two species from
the same site and season
were compared, the K+/Na+

in the leaf sap was higher
in E. crassipes than in P.
repens; however, only E.
crassipes was found in the
sites with higher salinity.

- Na+ uptake by E. crassipes
was observed in the field
in August; this caused a
concomitant decrease of the
K+/Na+ ratio in the sap to
values of 0.99, which was
not observed in P. repens.

- High osmolalities were
measured in E. crassipes
under conditions of high
salinity in the field, and
they were associated with
leaf damage.
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