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Effect of Seawater on the Growth, lon Content and Water
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Growth and physiological responses at seedling (six
months old) and sapling (12 months old) stages were studied
under various seawater concentrations. The optimum
growth of plants was obtained at 50% seawater and de-
clined with further increases in salinity. Leaf water and
osmotic potentials and xylem tension increased with an
increase in media salinity both in seedlings and saplings,
whereas stomatal conductance was decreased. Concen-
trations of sodium and chloride ions increased, while those
of potassium and calcium decreased with an increase in
salinity.
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Rhizophora mucronata L.am. (Rhizophoraceae) is a much-
branched large shrub or moderate sized tree, up to 10 meters
tall, supported by adventitious prop roots (Ghafoor 1984). It
is distributed along the coast of north Australia, Tropical
Asia, the Indian and Pakistan subcontinent, and East and
South Africa. In Pakistan, a few small populations are
located in the Miani Hor estuary, Balochistan and in the
Indus delta (Ghafoor 1984). The plant aids in coastal stabili-
zation and provides nursery areas for economically important
fishes and crustaceans in the tropics and sub-tropics (Tom-
linson 1986). The forest stature of this species is regulated
by residual effects of tidal and wave energy, soil salinity,
nutrient availability and flooding frequency (Cintron et al.
1985, Feller 1995),

Like other halophytes, mangroves frequently face stress, in
this case changes in salinity following shifts between flood-
ing by ocean water and fresh water introduced by rain and
run-off. Such spatial and temporal changes in salinity
could affect the growth and physiology of plants (Naidoo
1985). Mangrove growth usually declines at high salinity,
with optimal growth obtained at moderate salinity (Clough
1984). This pattern of growth is primarily a reflection of low
external water potentials (Luttge 1997). The Leaf water
potential tends to decrease when the plant is subjected to
salinity siress (Clough 1984) as a function of tolerance.
Other responses associated with salt stress in plants besides
retarded growth and lowered water potentials include
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changes in sap osmotic pressure, salt exclusion at root level
and active salt excretion through leaves (Hutchings and
Saengar 1987). Salt tolerant plants also maintain low os-
motic potential and stomatal conductance (Clough 1984, Ball
and Farquhar 1984, Naidoo 1985) through the accumulation
of ions like sodium and chloride in their tissues. Such ions
could have serious effects on plant metabolism. However,
in salt tolerant plants, ions are usually sequestered in the
vacuole and the lower osmotic potential is effectively
countered by the synthesis of small organic solutes (Popp et
al.1984). These organic solutes serve as osmolytes and are
also called compatible solutes.

The present study was designed to elucidate the mor-
phological and physiological responses of Rhizophora mu-
cronata when exposed to various concentrations of sea-
water., We investigated whether (1) R. mucronata growth
would be maximal at 50% seawater, (2) R. mucronata would
be more tolerant at the sapling stage and (3) R. mucronata
would adopt the osmoconformer strategy with increasing
salinity.

Mature propagules of Rhizophora mucronata were col-
lected from Miani Hor, Balochistan during the summer and
propagules ranging from 25 to 30 cm in size were used in
this study. The bottom 5-cm of each propagule was em-
bedded in a 36-cm diameter plastic bucket filled with acid
-washed beach sand. Plants were grown in a green house
under natural conditions and watered for two weeks through
sub-irrigation. After two weeks, plants were progressively
treated with seawater (0, 25, 50, 75 and 100%) fortified with
nutrient solution (Popp and Polania 1989). The salinity level
of the culture solution was maintained in the pots through
daily sub irrigation with water and the solution replaced every
seven days to avoid a build up in salinity. Dry weight,
height, stem diameter at first internode and leaf area were
measured twice at six-month intervals after the highest
salinity was reached. Dry mass was determined after drying
the plant samples in a fan-forced oven at 80 C.

Leaves were washed with distilled water prior to the
determination of water and osmotic potential. Leaf discs, 5
mm in diameter, were punched from the middle of the
laminae and placed in a C-52 sample chamber. After
equilibration, water potential was determined with a Wescor
HR 33 T Dew Point Micro-voltmeter. Osmotic potential was
measured with a Dew Point Micro-voltmeter after freezing
the disc in liquid nitrogen. Plant water status was measured
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Table1. MeansxSE (n=5) of plant height, dry weight, stem diameter and leaf area after six
months culture of Rhizophora mucronata seedlings in different seawater dilutions

Seawater (%)
Growth parameters

0 25 50 75 100

Plant height (cm) 82.0° 8430 104.9¢ 80.3° 69.02
+ 12 + 22 + 341 + 28 + 1.9

Dry weight 6.1 8.2° 8.6° 6.20 442
+ 08 + 12 +* 1.2 + 141 + 08

Stem diameter (cm) 0.62 0.72 0.8° 0.62 0.6°
+ 008 + 010 + 009 + 0.00 + 0.10

Leaf area (cm plant?) 133,10 142.60 177.3° 112.1b 28.42
+ 121 + 108 + 112 + 93 + 07

Mean values in rows for each parameter having different letters (a, b, ¢) are significantly different at
P<0.05 by the Bonferroni test.

Table2. Means*+SE (n=5) of plant height, dry weight, stem diameter and leaf area after 12
months culture of Rhizophora mucronata saplings in different seawater dilutions

Seawater (%)
Growth parameters

0 25 50 75 100
Plant height (cm) 85.1b 95.7° 120.5¢ 91.3» 74.12
+= 21 + 31 + 35 + 32 + 19
Dry weight 6.3° 7.2° 10.9¢ 7.1° 502
+ 1.1 t 13 + 14 + 09 + 08
Stem diameter 2,00 210 24° 2,1b 1.98
+ 0.10 + 021 + 0.09 + 010 + 008
Leaf area (cm plant?) 145.4r 151.4° 211.0¢ 144.20 133.02
+ 96 + 64 + 54 + 125 + 105

Mean values in rows for each parameter having different letters (g, b, ¢) are significantly different at

P<0.05 by the Bonferroni test.

by stem xylem tension with a plant water status console
(Arimad-2, Wagtech International Limited, UK) in five shoots
for each treatment. Stomatal conductance was measured
using an AP-4 porometer (Delta-T devices, UK) on the
adaxial surface of fully expanded leaves at first node.

Half a gram of plant material was boiled in 10 ml of water
for two hours at 100 C using a dry heat bath. This hot water
extract was cooled and filtered using Whatman no. 42 filter
paper. Chloride ion content was measured with a Beckman
specific ion electrode whereas cations of plant organs (Nat,
K+ and Ca?t) were analyzed using a Perkin Elmer model
360, atomic absorption spectrophotometer. For all growth
parameters and water potential experiments, five replicates
per salinity treatment were used. The results were analyzed
using ANOVA methods and the Bonferroni test and the
significance of individual treatments was measured using the
Bonferroni test (SPSS 1996).

The growth of Rhizophora mucronata peaked at 50%
seawater and decreased with increasing salinity. The
Bonferroni test showed that dry weight, plant height, leaf
area and stem diameter were significantly (P<0.05) in-
creased in 50% seawater and decreased at high salinity i.e.
75 and 100% seawater (Tables1 and 2). The growth and
water potential are greatly affected by media salinity and
plants adapt to such variations using different strategies

(Jefferies et al. 1979). Optimal growth of South African R.
mucronata was observed in 25% seawater (Naidoo 1985) and
similar responses were reported for other mangroves (Dow-
nton 1982, Clough 1984, Hwang and Chen 1995, Smith and
Snedaker 1995, Ogrady et al. 1996). However, in A. marina,
optimum growth was observed in 50% seawater (Karim and
Karim 1993).

Study of the beneficial role of salts in regulating the growth
of halophytes requires a physiological approach (Lee and
Ignaciuk 1985, Murata et al. 1992). However, the decline in
growth at higher salinity may reflect several factors including
an inhibitory effect of high ionic content on photosynthetic
efficiency, reduced stomatal conductance and diversion of
resources to osmotica (Jefferies et al. 1979). A similar
response in Rhizophora stylosa was reported above 25%
seawater and it was suggested that a direct effect of salts is
water stress at growing points of the plants (Clough 1984).

There was a significant (P<0.001) individual effect of leaf
age, age of plants and seawater on tissue water and osmotic
potential. Water potential in both young (second node from
the apex) and old (lowest of node of the plant) leaves of
seedlings and saplings gradually became more negative with
the increase in media salinity (Fig. 1a). Osmotic potential in
young and old leaves of seedlings and saplings became
progressively maore negative with the increase in salinity (Fig.
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Fig. 1. Effect of NaCl (0, 25, 50, 75 and 100% seawater) on the
water potential (a), osmotic potential (b) and stomatal
conductance (¢) of Rhizophora mucronata plants. Plants
grown for 6 months after induction of salinity are referred to
as seedlings (left) and those grown for 12 months as sap-
lings (right). The leaves selected from the bottom node of
the plant are designated as old and those collected from
the second node from the apex as young. Bars represent
means+standard errors. '
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1b). In several studies, water potential became more nega-
tive in mangroves when subjected to increases in salinity
(Naidoo 1985, Rada et al. 1989, Werner and von-Villert 1995,
Medina et al. 1995, Hwang and Chen 1995). A negative
osmotic potential in plants is caused by accumulation of
inorganic solutes (Popp 1983) as well as low molecular
weight organic solutes such as proline (Stewart and Lee
1974), cyclitols (Popp et al. 1993) and betaine (Storey and
Wyn Jones 1975, Popp 1983). In addition, sequestration of
most of the cellular NaCl within the vacuole is also a cause
in some mangroves (Werner and Stelzer 1990). If a high
vacuolar concentration .of NaCl implies the need for an
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Fig. 2. Effect of NaCl (0, 25, 50, 75 and 100% seawater) on the

xylem tension (a) and ion content (b) in Rhizophora mu-
cronata saplings. Bars represent means xstandard errors.

organic solute in the cytoplasm for intracellular osmotic
adjustment (Jefferies et al. 1979), reallocation of nitrogenous
organic resources for osmoregulation could severely limit
plant growth (Naidoo 1985). The retarded growth of R
mucronata at higher salinity in the present study might be
due to the presence of such organic solutes.

A three way ANOVA showed a significant individual effect
(P<0.05) of leaf age, age of plants, and seawater (P<0.001)
on stomatal conductance (Fig.1c). The stomatal con-
ductance of young and old leaves of seedlings and saplings
decreased with increasing salinity (Fig. 1c). Xylem pressure
potential also decreased (Fig. 2a). The lowering of osmotic
potential in external medium results in decreased stomatal
conductance (Naidoo 1985). It may reduce water absorption
and translocation hence causing stomatal closures and
increase the water-use efficiency of the plants (Werner and
Stelzer 1990, Gordon 1993). The lowering of conductance
decreases the rate of carbon dioxide accumulation and
uptake (Apahalo and Jarvis 1993) and increases xylem ten-
sion (Ball and Farquhar 1984). Similar results were reported
for other mangrove species (Werner and von-Villert 1995,
Naidoo 1985). These results correspond to a lowering of
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stomatal conductance indicating a limited water supply due
to salt stress. This indicates that the water-use efficiency
of plants increases with the increase in salinity (Ball and
Farquhar 1984).

The concentration of sodium and chloride ions significant-
ly (P<0.001) increased as the salinity of the medium in-
creased, whereas potassium and calcium concentrations
decreased (Fig. 2b). Rhizophora mucronata accumulated
high concentrations of sodium and chloride ions when
cultured at a non-zero NaCl salinity (i.e. in 25% seawater and
above). Potassium and calcium levels were higher in 0%
seawater. The decline in potassium and calcium in the
tissues with the increase in salinity indicates that these ions
were replaced by sodium at higher salinity levels. Trends in
the distribution of ions in our results were similar to those of
several salt marsh halophytes and mangroves (Jefferies et al.
1979, Naidoo 1985, Slim et al. 1996). High concentrations of
ions in the tissues of R. mucronata at high salinities (75 and
100%) may have caused a reduction in growth by inhibiting
biochemical processes such as enzyme activities and pro-
fein synthesis (Gibson et al. 1984).

Our results suggest that Rhizophora mucronata is a highly
salt tolerant species, which maintains its salt balance like a
true halophyte though its growth is retarded at very high
salinity. This species could be re-introduced into the Indus
delta because of its high salinity tolerance and growth
stimulation in 50% seawater. Along the coast of Pakistan,
the diversion of river water has caused an overall increase in
media salinity, which might favor the growth of this particular
species.
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