
Introduction
The biome known in Brazil as restinga (coastal woo-

dland) is an ecosystem typical of the Brazilian Atlantic coast 
(Araujo 1992) and is found on soils originating from the 
accumulation of crystalline sediments and marine trans-
gression dating from the Quaternary (Suguio & Martin 
1990). Restingas comprise various vegetative formations, 
with distinct physiognomies, structures and floristic com-
positions, which increase in complexity with increasing 
distance from the shoreline (Cogliatti-Carvalho et al. 2001; 
Cordeiro 2005).

One fairly typical restinga is located within Paulo César 
Vinha State Park, in the municipality of Guarapari, in the 
state of Espírito Santo, Brazil. Along the coastal edge of 
that restinga lies the creeping psammophyte formation 
(CPF), comprising stoloniferous plants such as Canavalia 
rosea (Sw.) DC. (Fabaceae), which has a high degree of 
importance in terms of vegetative cover along the coastline 
of Espírito Santo and has a pantropical distribution (Tho-
maz & Monteiro 1993). The vegetation of the CPF has low 
diversity and is exposed to environmental stresses such as 
high radiation and the action of saline aerosols (Menezes 

& Araujo 2000). Heading inland, the CPF gives way to the 
Palmae formation (PF), characterized by greater diversity in 
relation to the CPF. The PF is dominated by the palm Alla-
goptera arenaria (Gomes) O. Ktze associated with, among 
other species, Passiflora mucronata Lam. (Passifloraceae), 
a liana of tropical distribution.

The distribution of plant species of the restinga has been 
attributed to the action of edaphoclimatic components, of 
which topography (Cordeiro 2005), salinity and soil fertility 
(Cogliatti-Carvalho et al. 2001, Lourenço Junior & Cuzzuol 
2009) are the most often discussed. The role that sand plays 
in the burial of seeds has also been associated with the distri-
bution of plants in coastal environments (Pires et al. 2006).

According to Griffiths (2006), the diversity and structure 
of vegetative formations along the coastline are associated 
with different levels of resistance to saline aerosols, crucial 
in the establishment of ecotypes. Due to the proximity of 
the CPF to the coast, C. rosea is exposed to high levels of 
salinity, especially during high tide, which led Lourenço 
Junior & Cuzzuol (2009) to postulate that this species is 
resistant to salinity. Such resistance would, hypothetically, 
be the principal factor for the positioning of this species in 
the CPF. In contrast, P. mucronata, preferentially occupies 
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Salinity and fertility are the main factors cited in Within the restinga (coastal woodland) biome in Brazil, the positio-
ning of Canavalia rosea and Passiflora mucronata occur, respectively, near the shore—in the creeping psammophyte 
formation (CPF) - and far from the shore - in the Palmae formation (PF). The hypothesis that such positioning is 
related to salinity and fertility was tested by applying a salt gradient (increasing solutions of NaCl) and a nutritional 
gradient (different proportions of Hoagland solution). Neither species survived in solutions over 200 mM of NaCl. 
The shoots of P. mucronata showed negative growth (lower dry mass) in the first week of exposure to saline solutions. 
The roots of C. rosea showed great sensitivity to salinity, which resulted in greater growth reduction, with increasing 
plant age, in comparison with P. mucronata. C. rosea grew best in the nutrient-deficient solution, whereas P. mucronata 
responded best to the nutrient-rich solution, suggesting that C. rosea is better able to populate less fertile sites, such as 
the CPF, whereas P. mucronata is more suited to sites that are more fertile, such as the PF. Therefore, we can speculate 
that fertility is the only factor limiting the positioning of species in the restinga.
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regions farther from the coastline, where saline aerosols 
have less impact. The fact that C. rosea occupies an area 
near the ocean, where halophytes such as Blutaparon portu-
lacoides and Alternanthera maritima (Thomaz & Monteiro 
1993) also occur, suggests that C. rosea is also a halophyte, 
whereas P. mucronata could be classified as a glycophyte 
(Lourenço Junior & Cuzzuol 2009).

In addition to salinity, other physical and chemical soil 
characteristics have been associated with the distribution of 
native species in coastal biomes (Menezes & Araújo 2000; 
Emery et al. 2001; Cuzzuol & Campos 2001; Lourenço 
Junior & Cuzzuol 2009). Such characteristics can be con-
sidered important factors in the establishment of C. rosea 
and P. mucronata, as these species have different nutritional 
requirements. This deduction is underscored by edaphic 
analyses of the restinga of the Paulo César Vinha State Park, 
which have shown that soil fertility is greater in the PF than 
in the CPF (Lourenço Júnior & Cuzzuol 2009).

Hypotheses regarding the establishment of plant species 
in coastal environments can be tested by analysis of plant 
growth, as suggested by Cuzzuol & Campos (2001) and 
extensively applied in studies related to the interactions 
between plants and the environment (Lambers & Poorter 
1992; Lambers et al. 1998; Poorter & Nagel 2000; Poorter 
et al. 2009). In general, halophytes can tolerate up to 600 
mM NaCl (Lu et al. 2003; Parida et al. 2003), compared 
with only 200 mM for glycophytes (Marschner et al. 1996). 
However, in some species that are classified as halophytes, 
growth is hampered by exposure to NaCl solutions in excess 
of 300 mM (Bell & O’Leary 2003; Lu et al. 2003). Another 
difference between these two groups of plants is in terms of 
the specific leaf area (SLA). In general, halophytes feature 
increased SLA at high salinities, although no variation of 
this foliar parameter has been observed in glycophytes (Po-
orter et al. 2009). Some symptoms of nutritional and saline 
stress are quite similar. Such symptoms include a reduction 
in biomass and in the percentage of survival of the plants 
(Benlloch-González et al. 2005), as well as lower growth 
rates (Chen et al. 2003; Cuzzuol et al. 2005a), low foliar 
succulence, higher root/shoot ratio (R:SR, Garg & Singla 
2004; Cambraia 2005) and a reduction in photosynthetic 
activity (Lee et al. 2004; Cuzzuol et al. 2008).

Lourenço Júnior & Cuzzuol (2009) performed physical 
and chemical analyses of the soils of the restinga of Paulo 
César Vinha State Park, the results of which suggested that 
soil characteristics influence the establishment of C. rosea in 
the CPF and of P. mucronata in the PF. According to those 
authors, an evaluation of the effects that the availability of 
mineral nutrients and salinity has on the growth of C. rosea 
and P. mucronata could produce relevant information on the 
dynamics of spatial distribution of these species in restinga 
environments. Therefore, the objective of the present study 
was to evaluate the responses of C. rosea and P. mucronata 
to a saline gradient and a mineral nutrient gradient. The 
results could further the understanding of the abiotic fac-

tors involved in the positioning of plant species in coastal 
environments and open new possibilities for investigations 
into the dynamics of species distribution within formations 
of the restinga biome.

Material and methods
Biological material and experimental design

The study area is located in Paulo César Vinha State 
Park (20°33’-20°38’S and 40°23’-40°26’W), within the 
municipality of Guarapari, in the state of Espírito Santo, 
Brazil. The species studied were Canavalia rosea (Sw.) DC. 
(Fabaceae), which is abundantly distributed in the CPF, and 
Passiflora mucronata Lam. (Passifloraceae), which occurs in 
the PF. The abundant production of seeds of C. rosea and 
P. mucronata contributed to the choice of these species for 
the present study.

The fruits were collected and the biological material 
was taken to the Plant Ecophysiology Laboratory of the 
Biological Sciences Department at the Federal University 
of Espírito Santo, located in the city of Vitória, in the state 
of Espírito Santo. In the case of P. mucronata, seeds were 
removed from the fruit, washed in running water and 
dried at room temperature for 24 h to remove the aril. In 
order to shorten the average germination time (estimated 
at 10-90 days for Passifloraceae species) and to produce 
homogeneous seedlings, seeds were immersed in a solu-
tion of ascorbic acid (150 mg L−1) at 10°C for 12 h, which 
reduced the average germination time to less than 10 days, 
according to preliminary results. The seeds of C. rosea were 
removed from dried fruit and mechanically scarified (Lucas 
& Arrigoni 1992). For germination, the seeds of the two 
species were set in plastic trays containing washed sand 
and placed on counters in a greenhouse under the following 
environmental conditions: average temperature of 27±2°C; 
natural photoperiod of 11±1 h; luminosity of 500±150 μmol 
m2 s−1 of photosynthetically active radiation; and relative 
humidity of 70±20%.

At 20-30 days after germination, healthy, homogeneous 
plants were transplanted into 3-L plastic pots containing 
sediment from the CPF of the restinga, selected because of 
its lower fertility (Lourenço Junior & Cuzzuol 2009).

Saline gradient

At 14 days after transplantation, the plants were distribu-
ted into four lots, each plant receiving a single 450-ml appli-
cation of either 0 (control), 200, 400 or 600 mM NaCl. This 
volume allowed for the collection of 10 ml of the solution 
drained through the sediment for later analysis of electrical 
conductivity (EC) with a conductivity meter (SCHOTT® 
Instruments handylab LF II; SI Analytics, Mainz, Germany). 
The EC of the solutions after draining was as follows: 3.76 
mS cm−1 (at 0 mM NaCl); 22.4 mS cm−1 (at 200 mM NaCl); 

319

Eff ects that nutritional and saline gradients have on the growth 
of Passifl ora mucronata Lam. and Canavalia rosea (Sw.) DC. found in the restinga of Brazil

Acta bot. bras. 27(2): 318-326. 2013.



320

Jehová Lourenço Junior, Oberdan Zambom, Magda Santos Rossi and Geraldo Rogério Faustini Cuzzuol

Acta bot. bras. 27(2): 318-326. 2013.

37.62 mS cm−1 (at 400 mM NaCl); and 53.94 mS cm−1 (at 600 
mM NaCl). The pots were watered weekly with aliquots of 
distilled water and samples of drained water were collected 
for monitoring EC values. When necessary, aliquots of saline 
solutions were applied to maintain the initial value of EC. 
In order to avoiding dehydration of the plants, aliquots of 
distilled water were applied daily in small volumes without 
changing the saline concentration. This procedure was done 
with care to maintain the substrate damp but not saturated.

Nutritional gradient

We created an experimental nutritional gradient using 
Hoagland solution (Hoagland & Arnon 1938), in the pro-
portions 0.2 × (deficient solution), 1 × (original solution) 
and 2 × (enriched solution), and the pH was adjusted to 
5.5-6.0 (Cuzzuol et al. 2008). Volumes of 50 ml of nutrient 
solutions were applied, weekly, interspersed with distilled 
water as needed, to prevent desiccation of the plants. Every 
month, the substrates were watered with distilled water at 
a volume above saturation to promote the leaching of salts, 
thus avoiding salinization as described by Cuzzuol et al. 
(2005a; b).

Growth analysis

The salinity experiment lasted 56 days, and the nutrition 
experiment lasted 90 days. For the salinity experiment, 
we measured shoot dry mass (ShDM) and root dry mass 
(RDM) at 7, 14, 28 and 56 days using seven plants for each 
experimental time; values were expressed in terms of the 
percentage increase in dry mass relative to that of the start 
time. This procedure showed the magnitude of increase 
or reduction of dry mass in relation to a particular growth 
factor and is indicated for native species characterized by 
greater variability compared to cultivated species (Poorter 
& Nagel 2000). In addition to these measures, the total leaf 
area (TLA), RDM, stem dry mass (StDM) and leaf dry mass 
(LDM) at the starting and ending times of plants grown 
with 0 and 200 mM NaCl (where all the plants survived 
until the end of the experimental period) were recorded 
for the calculation of growth rates and ratios. At the higher 
concentrations of NaCl, 100% mortality occurred in the 
first weeks of treatment. Plants that lacked green color in 
the leaf blade were considered dead. Other measurements 
such as the maximum stem length (MSL) and the number of 
leaves (NL) at the ending time were also made. From these 
primary values, the R:SR, leaf mass ratio (LMR), SLA, leaf 
area ratio (LAR), net assimilation rate (NAR) and relative 
growth rate (RGR) were calculated for plants grown using 0 
and 200 mM NaCl for a better understanding of the effects 
of salinity on growth measures. The same growth measu-
rements used in the salinity experiment were also analyzed 
for seven plants at 0 and 90 days in the various treatments 
of the mineral nutrition experiment. In this case, as there 

was no mortality of plants under the treatments applied, 
all measurements were performed for all treatments. The 
measurements taken at the starting time are not presented, 
as they were used as a reference for the calculation of the 
percentage increase in dry mass, growth rates and ratios at 
90 days of treatment. In both experiments, the dry mass 
was determined after placing the plant material in an oven 
at 60°C with forced air circulation until achieving constant 
dry mass at all experimental times. Leaf area was calculated 
using an image reader (Area Meter 3100C; LI-COR, Lincoln, 
NE, USA). From these primary measurements, growth rates 
and ratios were calculated using the methodology of Evans 
(1972) and Hunt (1982). As such, the LAR was determined 
by dividing leaf area by total dry mass (TDM), the SLA by 
the ratio between the total leaf area and leaf dry mass, the 
LMR by the quotient of leaf dry mass divided by total dry 
mass, the NAR by the equation [(lnA2 − lnA1 / A2 − A1)] × 
[(M2 − M1) / (t2 − t1)], and the RGR by the equation [(lnM2 
− lnM1) / t2 − t1] and also deduced by the product of its 
components (RGR = SLA × LMR × NAR). The percentage 
of increase in dry mass (% increase in DM) was calculated 
by the equation [(M2 − M1) / M1 × 100], where M2 is the 
final dry mass, M1 is the initial dry mass, A2 is the final leaf 
area, A1 is the initial leaf area, and t2 − t1 is the time interval 
between the two collections.

Experimental design and statistical analysis

The experiment followed a completely randomized 
design, using seven plants per treatment for the two expe-
riments. The analyses of the salinity experiment were per-
formed at 7, 14, 28 and 56 days, and the nutritional gradient 
experiment, at 0 and 90 days. The two experiments followed 
a factorial model with the salinity experiment using a 4 × 4 
schema for a total of 112 samples while the nutritional 
gradient used a 3 × 2 schema totaling 42 samples. The data 
were subjected to ANOVA and, when necessary, the avera-
ges were compared using Duncan’s test (p≤0.05) using the 
software ASSISTAT, version 7.4 (Silva & Azevedo 2007). 
The data had a normal distribution. As for the analysis of 
percentage increase in dry mass, the statistic was applied 
only when the values were positive.

Results
The symptoms of saline stress indicated by the negative 

growth values of TDM, ShDM and RDM appeared more 
immediately and acutely in P. mucronata (Fig. 1). However, 
C. rosea showed greater sensitivity to salinity at more ad-
vanced periods of plant growth, especially at 56 days when 
the increase in TDM, ShDM and RDM was significantly 
lower with the 200 mM NaCl solution.

Concentrations above 200 mM NaCl were lethal to both 
species, with P. mucronata more sensitive to salinity at the 
beginning of growth, showing early symptoms of toxicity 
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followed by 100% mortality at 14 days in 600 mM NaCl ba-
sed on the absence of increased values for dry mass (Fig. 1). 
This effect occurred later in C. rosea, specifically from day 
28 onwards. No plant of P. mucronata resisted the concentra-
tion of 400 mM NaCl at 28 days, for C. rosea, 100% mortality 
occurred at 56 days. Plants that did not survive to the high 
concentrations of NaCl were discarded.

The highest concentrations of NaCl more greatly redu-
ced the increase in dry biomass (Fig. 1) and the other growth 
measurements (Tab. 1) in C. rosea than in P. mucronata. 
The percentage of increase in TDM, ShDM and RDM in P. 
mucronata declined to negative values in the solutions con-
taining NaCl showing reduction in the dry mass increment 
relative to the control. This result was more pronounced 
with more concentrated solutions of NaCl. At 14 days, there 
was a return to increased values of TDM, ShDM and RDM 
at 200 mM of NaCl, with these parameters reaching positive 
values. However, at 400 mM NaCl the values remained nega-
tive but showed signs of recovery with dry mass decreasing 
by a smaller value. In C. rosea, the reduction in dry mass 
was only observed at 7 and 14 days in the change of RDM 
in all treatments containing NaCl (Fig. 1). The recovery 

of growth in RDM only happened with 200 mM when it 
attained a positive value at 56 days.

Unlike P. mucronata, the root system of C. rosea proved 
to be more sensitive to the more concentrated solutions of 
NaCl, showing greater negative values in saline solutions at 
24 and 28 days (Fig. 1). Analyzing the performance of plants 
with 0 and 200 mM NaCl the lack of a difference can be 
noted between these solutions in terms of growth of TDM, 
ShDM and RDM at 28 and 56 days in P. mucronata, whereas 
C. rosea had greater values at 0 mM and with a significant 
difference in relation to the 200 mM NaCl solution (Fig. 1). 
In this regard, P. mucronata had an average value of 75% 
growth in ShDM at 56 days with 200 mM NaCl while this 
value was of 250% in C. rosea for the same time and salt 
concentration.

The effects of 0 and 200 mM NaCl solutions on the 
growth of biomass of the two species at 56 days were also 
observed in other growth variables at the same sampling 
time (Tab. 1). Salinity affected all growth measures of the 
two species, but the effects were more pronounced in C. 
rosea. However, in terms of SLA, salinity did result in any 
difference from the control in P. mucronata. However, the 

Figure 1. Effect of the salinity gradient on the increase in total dry mass (TDM), shoot dry mass (ShDM) 
and root dry mass (RDM) of P. mucronata and C. rosea at 7, 14, 28 and 56 days of cultivation. The bars 
indicate the standard deviation and the letters differ significantly according to the Duncan’s test between 
species within the same NaCl concentration and experimental period (p≤0.05 and n = 7).
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LAR of both species was higher at 200 mM NaCl with the 
greatest difference in C. rosea. The damage that salt caused 
in the leaf measurements and dry weight of the two species 
was reflected in the smaller values for NAR and RGR, with 
these reductions more pronounced in C. rosea (Tab. 1).

As with salinity, the two species were also affected in 
terms of dry mass and other growth measures by the nutri-
tional gradient (Tab. 2 and Fig. 2). In general, plants of C. 
rosea showed progressively reduced growth of TDM, ShDM 
and RDM with increased nutrient supply (Fig. 2). Plants of 
P. mucronata showed the opposite results. The increase in 
dry mass production for both the shoot and root systems 
was linear with the nutrient supply (Tab. 2). Likewise, simi-
lar results were observed with the other growth measures.

In general, the RDM, TDM, R:SR and SLA in C. rosea 
were greater in the nutrient-poor solution and these results 
were reflected in higher values for NAR and RGR with this 
solution. However, the MSL, StDM and ShDM of C. rosea 
were not influenced by the nutritional treatments. The va-
lues of the NL and the LDM did not reveal a clearly defined 
pattern in relation to the availability of nutrients, showing 
a tendency to greater values in deficient and enriched so-
lutions. In these same solutions greater values for SLA and 
LAR were found (Tab. 2).

Plants of P. mucronata invested in MSL, NL and TLA in 
original and enriched Hoagland solutions, especially in the 
latter (Tab. 2). The increase in dry mass was also greater in 
these solutions as can be seen by the greater values of RDM, 
LDM, StDM, ShDM and TDM. These results were reflected 
in the greater NAR and RGR of plants given the original 
and enriched solutions. However, the R:SR was greater in 
the deficient and original solutions. Nutrient availability 
did not influence the SLA and LAR values.

Discussion
The process of plant establishment, which includes 

germination, growth and survival, is very susceptible to 
damage caused by salinity and such effects tend to intensify 
with the age of the plants (Soares et al., 2002) as observed 
in P. mucronata and C. rosea in the present study.

In this regard, the shoots as well as the roots of P. mu-
cronata showed greater sensitivity to salinity damage in the 
initial growth phase, while in C. rosea, such effects appeared 
later in the shoot yet were already striking in the roots in 
the first week. Comparing the two species, C. rosea showed 
greater sensitivity to salinity at 56 days with 200 mM NaCl, 
with the most intense effects revealed in the lower values 
for dry mass increase, the reduction in growth of vegetative 
organs (MSL, TLA and dry mass of vegetative organs) and 
in NAR and RGR. These results can be attributed to the gre-
ater damage caused by NaCl in the photosynthetic activity 
of C. rosea, indicated by the greater reduction of NAR, as 
has already been found in plants of coastal environments 
under greater influence of salinity (Parida et al. 2003). As 
one of the morphological adjustments to higher salinity, 
the two species have invested in greater LAR to enlarge the 
photosynthetic leaf area in order to meet the greater demand 
for energy characteristic of plants that are under some kind 
of stress (Lambers & Poorter 1992). In fact, the plants with 
200 mM NaCl ended up using a greater leaf area to produce 
1 g of dry matter, which shows that the level of salt used, to 
some degree, reduced the photosynthetic efficiency.

In part, this initial resistance of C. rosea to salinity may 
be related to its energy reserves. Considering that the vigor 
of the plants depends on the size of the seed and the content 
of its reserves (Melo et al. 2004), the larger NAR and RGR 
of C. rosea in relation to p. mucronata with the 0 and 200 
mM NaCl solutions can be explained by the greater size 
of its seeds rich in cell wall polysaccharide reserves of the 
xyloglucan type that can represent 40% of the dry mass of 
its seeds (Clippel et al. 2008). Additionally, the greater NAR 
and RGR of C. rosea may be associated with its taxonomic 
group being characterized by the presence of nitrogen-
-fixing nodules and rapid growth (Marschner 1999). All of 
these peculiarities associated with the stoloniferous growth 
habit and presence of coriaceous and succulent leaves of 
halophytic plants (Thomaz & Monteiro 1993) may have 
contributed to the late effects of salinity in C. rosea. Another 
fact which supports the possibility of this species being a 
halophyte, even with the more intense effects of salinity at 
56 days in relation to P. mucronata, is that plants resistant 
to salinity tend to increase the SLA of their succulent leaves 

Table 1. Average values of the growth measurements of plants treated with solutions of 0 and 200 mM NaCl at 56 days of cultivation.

Species
NaCl MSL NL TLA RDM StDM LDM ShDM TDM R:SR LMR SLA LAR NAR RGR

(mM) (m) (n) (cm2) (g DM) (g g−1) (cm² g−1) (cm² g−1) (g cm−2 day−1) (mg g−1 day−1)

C. rosea
0 0.2b 05b 179b 1.1b 0.5b 1.8b 2.3b 3.4b 0.5b 0.4a 177a 76a 0.479b 0.034b

200 0.1a 03a 115a 0.3a 0.3a 0.8a 1.1a 1.4a 0.3a 0.5a 189b 88b 0.215a 0.020a

P. mucronata
0 0.4b 13b 102b 0.3b 0.3b 0.4b 0.7b 1.0b 0.4a 0.4a 227a 84a 0.253b 0.023b

200 0.3a 11a 090a 0.2a 0.2a 0.3a 0.5a 0.7a 0.4a 0.4a 250a 97b 0.156a 0.015a

MSL – maximum stem length; NL – number of leaves; TLA – total leaf area; RDM – root dry mass; StDM – stem dry mass; LDM – leaf dry mass (blade); ShDM – 
shoot dry mass; TDM – total dry mass; R:SR – root/shoot ratio; LMR – leaf mass ratio; SLA – specific leaf area; LAR – leaf area ratio; NAR –net assimilation rate; 
RGR – relative growth rate. Distinct letters within the same column differ significantly according to the Duncan’s test (p≤0.05 and n = 7) among the treatments 
with the same species.
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Table 2. Average values of the growth measurements of plants treated in a nutrient gradient based on the original proportion of Hoagland solution (HS), at 90 days 
of cultivation.

Species
NaCl MSL NL TLA RDM StDM LDM ShDM TDM R:SR LMR SLA LAR NAR RGR

(mM) (m) (n) (cm2) (g MS) (g g−1) (cm² g−1) (cm² g−1) (g cm−2 day−1) (mg g−1 day−1)

C. rosea
0 0.2b 05b 179b 1.1b 0.5b 1.8b 2.3b 3.4b 0.5b 0.4a 177a 76a 0.479b 0.034b

200 0.1a 03a 115a 0.3a 0.3a 0.8a 1.1a 1.4a 0.3a 0.5a 189b 88b 0.215a 0.020a

P. mucronata
0 0.4b 13b 102b 0.3b 0.3b 0.4b 0.7b 1.0b 0.4a 0.4a 227a 84a 0.253b 0.023b

200 0.3a 11a 090a 0.2a 0.2a 0.3a 0.5a 0.7a 0.4a 0.4a 250a 97b 0.156a 0.015a

MSL – maximum stem length; NL – number of leaves; TLA – total leaf area; RDM – root dry mass; StDM – stem dry mass; LDM – leaf dry mass (blade); ShDM 
– shoot dry mass; TDM – total dry mass; R:SR – root/shoot ratio; LMR – leaf mass ratio; SLA – specific leaf area; LAR – leaf area ratio; NAR –net assimilation 
rate; RGR – relative growth rate. Distinct letters differ significantly according to the Duncan’s test (p≤0.05 and n = 7) among the treatments with the same species.

Figure 2. Effect of the nutritional gradient based on the proportion of the ori-
ginal Hoagland solution (HS) on the increase in total dry mass (TDM), shoot 
dry mass (ShDM) and root dry mass (RDM) of P. mucronata and C. rosea at 
90 days of cultivation. The bars indicate the standard deviation and the letters 
differ significantly according to the Duncan’s test between species within the 
same ionic strength and type of vegetative organ (p≤0.05 and n = 7).

with high concentrations of salts (Poorter et al. 2009) as 
was found in C. rosea at 56 days with 200 mM NaCl. These 
reactions caused by the accumulation of salts constitute one 
of the components of the resistance of halophytes to salt 
stress (Flowers et al. 1977). Whereas in glycophytes, SLA 
is less influenced by salinity (Poorter et al. 2009) as was 
observed in P. mucronata. Therefore, SLA is considered a 
strong indicator of the level of resistance of plants to sali-
nity and may be useful to classify species as halophytic of 
glycophytic (Poorter et al. 2009). Based on this information 
one can deduce that C. rosea is indeed a halophyte and P. 
mucronata, a glycophyte.

These interspecific differences in SLA between the two 
species appears to be related to the physical and chemical 
properties of the sediment in the restinga that have favored 
the dominance of C. rosea in the CPF, which is characterized 
by a higher soil sodium content in relation to the PF, where 
of course, P. mucronata occurs (Lourenço Júnior & Cuzzuol 
2009). Another strong indication of the greater capacity of 
C. rosea to populate areas with elevated soil sodium content 
is the greater increase in ShDM of this species in relation to 
P. mucronata at 56 days of cultivation with 200 mM NaCl.

The chronological specificity of sensitivity between the 
two species in relation to salinity could be related to interspe-
cific differences in the speed of absorption and accumulation 
of Na+ and Cl−( Marschner et al. 1996, Marschner 1999). 
Certainly, the two species must have specific mechanisms 
for the selection of these ions. The possibility of greater 
accumulation of ions in P. mucronata is sustained by the 
immediate damage with the greater concentrations of NaCl 
in the negative values of the ShDM added in the first week 
of exposure to the saline solutions. Whereas in C. rosea, the 
ions may have stimulated the synthesis of osmotically active 
solutes and in the osmoprotection imposed for up to 14 days 
by saline solutions as verified in Vigna unguiculata (Fabaceae) 
exposed to high salinity (Costa et al. 2003). This hypothetical 
osmotic and osmoprotective adjustment could explain the 
maintenance of the vigor of the leaves and stems of C. rosea 
as indicated by the increase in ShDM with more concentrated 
solutions of NaCl at 14 and 28 days. However, this fact cannot 
be verified as it was not evaluated in this work.
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Although the greater investment in the root system 
has been interpreted as a striking response in plants that 
are exposed to some kind of stress (Garg & Singla 2004; 
Cambraia 2005) plants of C. rosea at 56 days with 200 mM 
NaCl invested less in the root system as indicated by the 
reduction in the R:SR, relative to the control. This damage 
can be related to physiological and morphological characte-
ristics specific to the taxonomic group to which this species 
belongs. While it is considered a species of nitrogen-fixing 
Fabaceae, its nodules are very sensitive to the presence 
of salt (Garg & Singla 2004; Nóbrega et al. 2004). In fact, 
the number of nodules of C. rosea was lower in the saline 
solution. This number came to represent a 20% reduction 
relative to the control (data not presented). Possibly, this 
damage has affected the nitrogen fixation which could 
have limited plant growth as has previously been observed 
in legumes under greater influence of salinity (Rao et al., 
2002; Garg & Singla 2004).

The death of the plants of the two species in solutions 
above 200 mM could lead to the assertion that neither 
species are tolerant to salinity. However, some halophytic 
species occurring along the coastline, such as Sueda salsa 
and Sporobulos virginicus, have shown better performance 
at concentrations of less than 300 mM NaCl (Bell & O’Leary 
2003; Lu et al. 2003). Therefore, to better define which of 
the species is halophytic and which glycophytic it would be 
necessary to take into consideration not only the variations 
of SLA as discussed earlier, but also the responses of C. rosea 
and P. mucronata in a gradient from 0 to 200 mM NaCl. 
Within this limit, it would be possible to determine the 
maximum resistance of each species to NaCl including other 
analyses such as the concentration of primary metabolites 
and water potential, which are commonly used in studies 
involving saline stress.

Information about the response of native species in rela-
tion to salinity are still quite scarce, especially with species 
from the restinga biome. In any case, under field conditions 
with the action of tides, plants of C. rosea do not support the 
salinity of the sea, dying days after contact with seawater (in 
loco observations). This response confirms the statement of 
Pereira (1990) that the CPF is under the constant influence 
of wave action at the portion closest to the sea, and may 
disappear as a result of high tide.

However, salinity does not seem to be the only envi-
ronmental variable associated with the distribution of C. 
rosea and P. mucronata in the restinga of Paulo César Vinha 
State Park. Other factors such as the nutritional gradient 
of the sediment have been suggested in the distribution of 
plant species in coastal environments (Menezes & Araújo 
2000; Emery et al. 2001; Cuzzuol & Campos 2001). In the 
restinga biome, the distribution of plant species has been 
attributed to increasing fertility in the sediment with incre-
asing distances from the shoreline, as C. rosea is restricted 
to the less fertile sediment of the CPF and P. mucronata to 
the more fertile sediment of the PF (Lourenço Júnior & 

Cuzzuol 2009). Such a hypothesis can be confirmed by the 
exponential growth of P. mucronata and inhibitory growth of 
C. rosea with the increasing supply of nutrients in this study.

Evaluating the differences in dry mass increase among 
the nutrient-deficient and -enriched solutions, it is worth 
noting the greater capacity of P. mucronata compared to C. 
rosea to respond to the greater range of mineral nutrient 
availability. While P. mucronata showed a difference of up 
to a 500% increase in TDM and ShDM with the deficient 
solution compared the enriched one, C. rosea showed 
a 100% reduction of TDM, ShDM and RDM under the 
same comparison. These results demonstrate the greater 
capacity of genotypic adaptation of P. mucronata in relation 
to C. rosea to respond to an increased range of nutrient 
concentrations. The lesser plasticity of C. rosea, indicated 
by the lower variation in dry mass increase and other 
growth measurements in the nutritional gradient, and its 
better performance under nutritional deficiency suggest 
that fertility is a limiting factor in the distribution of this 
species of Fabaceae in the CPF. The greater growth of P. 
mucronata in response to increased nutrient availability, 
especially in terms of the significant increase in root and 
shoot dry mass, MSL and TLA with the enriched solution, 
must have contributed to its establishment in the PF. In fact, 
the physical and chemical properties of the sediment of the 
PF were considered more conducive to the development 
of P. mucronata in that locality than in the CPF (Lourenço 
Júnior & Cuzzuol 2009).

One of the aspects that demonstrates the harmful effect 
of the greater supply of nutrients on the growth of C. rosea is 
the marked reduction of the R:SR. This result indicates that 
the root system of C. rosea has a higher capacity to develop 
in less fertile sites, typical of coastal environments where 
species like Jacquinia pungens also grow, whose roots were 
affected by an increased availability of nutrients (Rincon & 
Huante 1994). Therefore, C. rosea has a characteristic of spe-
cies well adapted to oligotrophic environments, especially 
as it is a species of Fabaceae with nitrogen-fixing nodules. 
According to Marschner et al. (1996), the nitrogen-fixing 
microorganisms stimulate better root development under 
nutritional restriction. This condition results in a greater 
demand for photosynthates by carbon-sink organs and, 
therefore, greater root growth as well as greater photosyn-
thetic efficiency (Lambers & Poorter 1992), as indicated by 
the larger NAR and RGR values and reflected by the smaller 
LAR of C. rosea in the deficient solution. In fact, the higher 
growth rates in the nutrient-deficient solution denote that 
this species and other legumes are able to express greater 
photosynthetic activity in low fertility environments (Mars-
chner et al. 1996).

The better performance of C. rosea in the deficient solu-
tion can also be confirmed by the lesser value of SLA typical 
of plants from coastal environments such as C. rosea, which 
develops near the ocean where fertility is low (Lourenço 
Junior & Cuzzuol 2009). The smaller RGR value of C. rosea 
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cultivated in the enriched solution suggests, once again, the 
smaller capacity of this species to dominate fertile sites, whi-
ch may have restricted its distribution to the CPF. However, 
the greater RGR values of P. mucronata in the original and 
enriched solutions confirm its ability to thrive in different 
formations (in loco observations) in the restinga, such as 
the PF. The PF is characterized by the greater fertility of its 
sediments (Lourenço Junior & Cuzzuol 2009), suggesting 
that P. mucronata in more efficient in the absorption and 
use of mineral nutrients.

Levine et al. (1998) related greater efficiency in the 
use of nutrients with competitive interactions of species 
from coastal environments. Under nutritional limitation, 
competitive dominance would result in efficiency for the 
competition for nutrients, which could determine the 
distribution of the species along the increasing fertility 
gradient from the beach toward the mainland. Based on 
this complex plant-environment interaction, the existence 
of a nutrient-dependent competitive hierarchy has been 
suggested among plants in oligotrophic environments. 
According to Emery et al. (2001), this hierarchy would be 
under the control of the competition capacity of the root 
system. With greater sediment fertility, the shoot would be 
more competitive. On the basis of these reports and on the 
better growth of the shoot of P. mucronata (increased ShDM 
and growth rates) in original and enriched solutions, it can 
be affirmed that this species of Passifloraceae is better able 
to compete for sites of higher fertility than C. rosea.

The interspecific differences observed in the present 
study in relation to the supply of nutrients can be related 
to the process of nitrogen fixation. In fertile soils, the 
association with nitrogen-fixing bacteria would become 
somewhat disadvantageous to the host plant, by affecting 
the association with the rhizobia (Weng-Ming et al. 2000) as 
noted, indirectly, in C. rosea from the observation of fewer 
nodules present (data not presented) in enriched solution. In 
addition to fertility, another factor related to the distribution 
of the species is luminosity (Björkman 1981). According to 
Fitter (1997), leguminous plants that inhabit oligotrophic 
environments are highly dependent on the high intensity 
of solar radiation which may also have contributed to the 
placement of C. rosea in the CPF, where there is less effect 
of shading among the species (Thomaz & Monteiro 1993).

The occurrence of leguminous crops in places of low fer-
tility is an important aspect of ecological succession (Fitter 
1997). This dynamic may have contributed to the placement 
of C. rosea in the CPF, which is characterized by low fertility 
and increased influence of salinity, whereas P. mucronata is 
restricted to the PF and other localities of greater fertility 
and under lesser influence of saline aerosols (Lourenço 
Junior & Cuzzuol 2009). Considering that the two species 
were able to adjust better to the nutritional gradient than 
to the saline one, it is possible to speculate that fertility is 
the limiting factor in the positioning of species within the 
restinga biome. However, the study of environmental fac-
tors in isolation is not desirable from the ecological point-

-of-view. Studies involving the interaction of salinity and 
fertility associated with other abiotic factors can provide 
important information for understanding the dynamics of 
coastal vegetation and of the determining factors for the 
positioning of plant species at restinga formations.
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