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ABSTRACT

During plant-transpiration, water molecules having the lighter stable isotopes of oxygen and hydrogen
evaporate and diffuse at a faster rate through the stomata than molecules having the heavier isotopes,
which cause isotopic enrichment of leaf water. Although previous models have assumed that leaf water
is well-mixed and isotopically uniform, non-uniform stomatal closure, promoting different enrichments
between cells, and different pools of water within leaves, due to morpho-physiological traits, might lead
to inaccuracies in isotopic models predicting leaf water enrichment. We evaluate the role of leaf morpho-
physiological traits on leaf water isotopic enrichment in woody species occurring in a coastal vegetation
of Brazil known as restinga. Hydrogen and oxygen stable isotope values of soil, plant stem and leaf water
and leaf traits were measured in six species from restinga vegetation during a drought and a wet period.
Leaf water isotopic enrichment relative to stem water was more homogeneous among species during the
drought in contrast to the wet period suggesting convergent responses to deal to temporal heterogeneity in
water availability. Average leaf water isotopic enrichment relative to stem water during the drought period
was highly correlated with relative apoplastic water content. We discuss this observation in the context of
current models of leaf water isotopic enrichment as a function of the Péclet effect. We suggest that future
studies should include relative apoplastic water content in isotopic models.

Key words: leaf water isotopic enrichment, Péclet effect, restinga, leaf morpho-physiological traits.

INTRODUCTION enrichment can be indicative of the relative

Water molecules having the lighter isotopes of
hydrogen or oxygen (**0 and *H) will evaporate
and diffuse at a faster rate through the stomata
than those having the heavier isotopes (20 and H),
which will cause isotopic enrichment of leaf water.
Many studies have indicated that this isotopic

Correspondence to: Bruno Henrique Pimentel Rosado
E-mail: brunorosado@gmail.com

humidity during the transpiration flux (Flanagan
1993, Roden and Ehleringer 1999). It can also
be used to identify isotope composition in plant
cellulose for environmental reconstructions via
tree-ring cellulose (Roden and Ehleringer 2000).
Additionally, the understanding of the causes of
leaf water isotopic enrichment is an useful tool to
parameterize models, based on plant responses, i.e.,
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to predict the gas exchanges between biosphere-
atmosphere in different scales (Yakir and Sternberg
2000, Lai et al. 2008).

The model developed by Craig and Gordon
(1965) predicts that isotopic enrichment is mainly
driven by climate and that there are two isotope
effects during evaporation: an equilibrium effect
that occurs during isotope exchange reactions
converting water from liquid to vapor; and a
kinetic effect promoted by distinct mass-dependent
diffusion rates (Flanagan et al. 1991, Dawson et al.
2002). A good fit has been observed between the
Craig-Gordon model and experimental results for
soil water undergoing evaporation (Mathieu and
Bariac 1996, Clark and Fritz 1999).

Previous models have assumed that leaf
water is well-mixed and isotopically uniform. The
enrichment of leaf water above stem water (A)
during transpiration was therefore described by an
equation using the same principles developed by
Craig and Gordon (1965):

(1 Ae=e* + g+ (A - &) €46

where £* is the proportional depression of water
vapour pressure over heavy isotopes compared
with the vapour pressure over light isotopes; g IS
the kinetic fractionation as water vapour moves
through the stomata and leaf boundary layer; and
A, is the isotope composition of atmospheric water
vapour relative to plant stem water. The parameter
e is the water vapor pressure and subscripts a and
i refer to bulk air and intercellular air spaces,
respectively. It can be seen that the vapor
pressure gradient (e,/e;), which is directly related
to relative humidity, is an important component
dictating leaf water isotopic enrichment.

However, many studies have reported that the
observed isotopic composition of bulk leaf water
is usually less enriched than that predicted by the
above equation (Yakir et al. 1990, Flanagan and
Ehleringer 1991, Flanagan et al. 1991, Yakir et
al. 1993, Yakir and Sternberg 2000). The reasons
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for these discrepancies are especially affected
by life form and plant hydraulic properties
(Lai et al. 2008) which are related to (i) non-
uniform stomatal closure that promote different
enrichments between cells adjacent to open and
closed stomata (Flanagan et al. 1991, Luo and
Sternberg 1992) and (ii) different pools of water
within leaves (apoplastic and symplastic water as
well as water in veins) some of which may not be
exposed directly to evaporative conditions (Yakir
et al. 1989, 1990, 1993, Flanagan et al. 1991,
Yakir and Sternberg 2000). The cell wall surfaces,
which are exposed to evaporation, correspond to
part of the apoplastic water fraction that have its
isotopic composition influenced by environmental
conditions, showing diurnal isotope ratio
fluctuations (Yakir et al. 1989, 1990). This pool of
water does not completely mix with bulk leaf water
(akir and Sternberg 2000). The symplastic water
is not completely exposed to evaporation but may
be affected by the isotopically enriched apoplastic
water (Yakir and Sternberg 2000). The third pool
consists of the water in the veins showing a high
proportion of unfractionated water that reflects
the water absorbed from roots (Flanagan and
Ehleringer 1991, Luo and Sternberg 1992).
Farquhar and Lloyd (1993) modeled leaf water
isotopic composition by invoking the Péclet effect,
which explained the above discrepancies and other
observed characteristics of leaf water isotopic
enrichment. The Péclet effect is quantified as p and
is the result of the mixing between the convective
flux of unfractionated water and the back diffusion
of isotopically enriched water from the evaporating
sites into the leaf, represented by the equation:

(2)  p=TL/CD.

The molar concentration of water (5.56x10*
mol.m=) is represented by C, D is the diffusivity
of DHO and H,'®0 through water, T is the rate of
transpiration rate and L is the effective length in
the leaf that water has to travel from the xylem to
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the evaporative site. This parameter is a product of
the constant of proportionality, k, and the distance
from the evaporating surfaces to the leaf veins, L
(Barbour et al. 2000, Barbour and Farquhar 2003).
The isotopic enrichment of bulk leaf water relative
to stem water (AL) is integrated over this mixing
gradient and given by:

(B) A=A (1-e P)p.

Thus, according to this model, the greater the
Péclet number, the less enriched the leaf water
will be relative to stem water. Likewise, leaf water
enrichment approaches the values of A, predicted
by equation 1 as the Péclet number decreases. The
Péclet number in turn is a function of different leaf
morpho-physiological characteristics which might
affect the two components of the Péclet values:
transpiration rate and the path length. Although the
contribution of day- and nighttime transpiration to
equilibrium between leaf water and atmospheric
water vapor have been described (Lai et al. 2008), for
path length, however, few studies have investigated
to what degree leaf morpho-physiological traits
could affect leaf water isotopic enrichment (Kahmen
et al. 2008, Kahmen et al. 2009). In fact, it has been
observed that leaf hydraulic properties related to
mesophyll features are directly related to changes in
L (Ferrio et al. 2009). This later study indicates, to
some extent, the role of leaf morpho-physiological
traits in leaf water isotopic enrichment, which may
be relevant in the improvement of models describing
leaf isotopic enrichment.

Here, we evaluate in which way leaf morpho-
physiological traits could affect leaf water isotopic
enrichment in six restinga woody species. For this
purpose, we choose leaf traits commonly used in
ecophysiological studies, such as leaf mass per area,
leaf thickness, leaf density and leaf physiological
traits obtained from pressure-volume curves that
describe performance of species in terms of water
use (Rosado and de Mattos 2010). We collected
these data in a coastal vegetation of Brazil known

as restinga, where the substrate is formed by coastal
sandy barriers from marine sources; characterized
by low water retention and poor nutrients and
organic matter. Although restinga species possess
functional traits to deal with low water and nutrient
availability, variations in leaf morphological traits
among species (Rosado and de Mattos 2010) might
lead to distinct species responses to fluctuations
in resources’ availability and consequently in the
isotopic identity of leaf water.

MATERIALS AND METHODS

STUDY AREA

Measurements were done in the Restinga of
Jurubatiba National Park covering 14,140 hectares
and located north of the state of Rio de Janeiro,
Brazil (22° and 22°23°S and 41°15 and 41°35"W).
The mean annual precipitation, between 1,100 to
1,300 mm, is seasonal with the month average
minimum in winter of 41 mm and month average
maximum in summer of 189 mm. The mean annual
temperature is 22.6° C (Araujo et al. 1998). The
flora of the Restinga of Jurubatiba is derived from
the Atlantic rain forest and has eleven different
vegetation assemblages with different species
and life forms (Araujo et al. 2004). The plant
assemblage known as the open Clusia scrub is
the most common assemblage. It represents 45%
of park area (Araujo et al. 2004) and is the focus
of this study. The Clusia scrub assemblage is
characterized by areas of bare sand and vegetation
thickets having woody shrubs with broad leaves
and the Cj; photosynthetic pathway with the
exception of Clusia hilariana (Clusiaceae). The
most common species found in these thickets
(Araujo et al. 2004) and the ones studied here are:
Protium icicariba (DC.) Marchand (Burseraceae),
Byrsonima sericea DC. (Malpighiaceae), Myrsine
parvifolia A.DC (Myristicaceae), Erythroxylum
ovalifolium Peyr. (Erythroxylaceae), Eugenia
umbelliflora Berg (Myrtaceae) and Maytenus
obtusifolia Mart. (Celastraceae).
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MEASUREMENT OF LEAF MASS PER AREA, SUCCULENCE,
THICKNESS AND DENSITY

We used the mean values from the dataset obtained
by Rosado and de Mattos (2007) from nine mea-
surements made from February of 2003 to August
of 2005 (three per year) for the above species at
this site. To measure the above parameters, ten
leaves from separate individuals of each species
were collected on the north side of their respective
canopies. A leaf disc from each leaf was taken with
a cork borer for the determination of leaf attributes.
Each disc was immersed in water for a period of
24 hours for the measurement of saturated mass
(FMga, g). After leaf discs were fully hydrated,
each disc had their thickness (TH, mm) measured
with a digital caliper and was then oven-dried for
72 hours for determination of dry mass (DM, g).
Leaf mass per area (LMA, g.m™) was calculated
by dividing disc mass by its area (A) while the
capacity of water storage in the leaf known as
the succulence index (SUC, g.m?) was measured
as: (Fmsat — DM)/A. The foliar density (DEN,
mm.mm-3) was estimated following the formula:
LMA =TH * DEN (Witkowski and Lamont 1991).

RELATIVE WATER CONTENT OF APOPLAST (RWC pep)

During the wet season of 2005, one sun-exposed
branch from each of seven individuals with mature
leaves was cut from each species and used to
measure the pressure-volume parameters. The base
of each branch was cut under water in the laboratory
and placed in a water recipient, covered with a
humidified plastic bag and equilibrated in a dark
room for about 12 hours. After initial measurements
of water potential (PMS Instruments, Corvallis,
OR, USA) and fresh mass, branches were dry on
the bench and water potential and branch mass were
periodically measured during dehydration (Tyree
and Hammel 1972). The RWC,,,, Was obtained
from the pressure-volume curves of each species
based on approximately 20 measurements. P-V
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curves have a non-linear and a linear part (Boyer
1995). We determined the slope and intercept of a
linear regression on the linear portion of the inverse
balance pressure vs. fresh weight of the branch
plot. The RWC,,,, Was obtained by dividing the
intercept by the slope of the linear regression.

STABLE ISOTOPES ANALYSIS

Oxygen and Hydrogen Isotope Analyses

We collected samples from four individuals of
each species on November 2005 and January
2006. Despite the observed variation in isotopic
composition in leaves along the day (Lai et al. 2008),
we collected the samples during the later morning
for all species where we expect the leaves were
transpiring and probably reaching a steady state.
Although these months are considered as “wet”
season, the January 2006 samples were collected at
the end of a three week rainless period (dry spell).
Dry spells on the restingas are common, which
may decrease the water availability even during
the wet season due to the low water retention of
sandy soils (Cavalin and de Mattos 2007). For each
individual we sampled a well suberized stem (up to
4 cm in length and up to 1 cm in diameter) and one
of the sun exposed north facing leaves, which was
subsequently deveined. Eight soil samples were also
collected 10 cm from the soil surface in November
2005 and January 2006. Soil, stems and deveined
leaves were sealed in Vacutainer® tubes, further
sealed with Parafilm® and kept frozen until water
distillation (Moreira et al. 2000). After distillation,
oxygen and hydrogen isotope ratios of water
were measured by equilibration on an Isoprime®
Isotope Ratio Mass Spectrometer connected to a
Multiflow® system (Elementar, Hanau, Germany)
with the respective precision of £0.1%. and +2.0%o.
Oxygen and hydrogen isotope ratios are reported
here as §'80, and 8D respectively and calculated as:

1 580 or 8D = ((Reampte/Rsmow)-1)x1,000,
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in which Rgampie and Rgvow represent the
heavy (to light isotope ratio of the sample and
the standard respectively. The standard for water
isotope ratios used here is Vienna standard mean
ocean water (VSMOW).

We calculated the isotopic leaf water
enrichment relative to stem water (Ap) for both
hydrogen and oxygen isotopes according to the
following equation:

+1
1,000
1,000

in which &, and g are either the %0 or 8D
values of leaf and stem water respectively.

2) A= ~1 |x1,000,

1039

RESULTS

The 8D and 580 values of stem water for November
2005 and January 2006 were close to the Global
Meteoric Water Line (GMWL) compared with
those of soil water (Fig. 1). However, the isotopic
values of the January samples were more depleted
than those of November (Fig. 1 and Table I). When
stem and leaf water 8D values are plotted against
the respective 880 values a highly significant
linear relationship was described with a slope lower
than that of the GMWL (a slope=2.62, R?=0.79 for
November and a slope=3.53, R?=0.91 for January).
November and January Isotopic ratios of soil water
were between those of leaf and stem water values
with November samples being more enriched than
those of January (Fig. 1).

80

60

40t

20 F

8D

-60

-80

Leaves on January
Leaves on November

[ ]

o

A Stems on January
& Stems on November
] Soil on January
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Global Meteoric Water Line

10 20

5"%0

Figure 1 - Hydrogen isotope ratios of leaf, stem and soil water versus the
respective oxygen isotope ratios of each species and soil samples for November
of 2005 (y = 2.62 — 1.576x; R?=0.79) and January of 2006 (y = 3.53 — 19.03x;
R?=0.91) compared to the meteoric relationship between 8*°0 and & *H of

precipitation (8°H=8.13 5180 + 10.8).

Erythroxilum ovalifolium and Byrsonima
sericea had significantly higher §'80 values of
stem water compared to those of the other species
during the wet November collection (Table I).
No significant difference in the isotopic ratios of

stem water between species during the dry period
sampling in January was observed. The range of
dry season stem water isotopic values, however,
was greater than those observed during the wet
sampling in November. Leaf water oxygen and

An Acad Bras Cienc (2013) 85 (3)
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hydrogen isotopic enrichment (A.) of Protium
icicariba, Eugenia umbelliflora and Maytenus
obtusifolia was higher than the other species

BRUNO H.P. ROSADO, EDUARDO A. DE MATTOS and LEONEL DA S.L. STERNBERG

during the wet November sampling (Table 1), but
no significant difference was observed for the dry
January samples.

100 24
122
80
120
60 | 118
-] 5
Ly 116 — =
40 ® Byrsonima sericea 414
Q  Erythroxilum ovalifolium
A Eugenia umbelliflora
20 F A Maytenus obtusifolia 112
B Myrsine parvifolia
O  Protium icicariba 110
0 . . . . L L Q
020 025 030 035 040 020 025 030 035 040

RWC Apoplast

RWC Apoplast

Figure 2 - Negative relationship between Relative Apoplastic Water Content (RWC,,,,) and A0, and
A Dy, (y=93.80+127.59x; R?=0.86 and y =20.47 + 16.25x; R? = 0.84, respectively). Without Byrsonima
(A 05, R*=0.72; P<0.04; y=18.89 + 11.35x); A D}, (R*=0.68; p=0.05; y=91.53 + 120.51x).

RWC,pop varied from 0.203 to 0.590 among
the six species studied (Fig. 2) and it was not
relatedtoanyofthe othermeasured morphological
traits (Table II). The January average A, 20 and
A D values were negatively correlated only with
RWC,pop at @ highly significant level (R?=0.84,
P<0.01and R?=0.86, P<0.01 respectively, Fig.
2; Table II) and the relationship remained
significant even when Byrsonima (the outlier
value) was removed (R?=0.72; P<0.04 and
R2=0.68; P=0.05, respectively). The leaf water
isotopic enrichment (A 80 and A D) for the
November sample did not correlate with any of
the leaf traits measured here.

DISCUSSION

According to the Craig-Gordon model soil water
becomes isotopically enriched during periods of
intense evaporation (Clark and Fritz 1999, Yakir
and Sternberg 2000). In both months, the isotopic
ratios of soil water were disproportionally enriched
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in 180 relative to the GMWL indicating evaporative
effects near the soil surface. The isotopic
composition of stem water which were closer to the
meteoric water line are probably indicative of water
use deeper in the soil profile and similar to the
average isotopic composition of rain water at the
time of sampling. If so, then the average §'80 and
oD value of rainfall during the month of November
was greater than that occurring during January. It
was not possible, however, to determine at which
depth of the soil profile the species absorbed water,
because we did not collect soil samples at different
depth for isotopic analyses of soil water

The range of average 5'80 values of stem water
for each species during January (-4.83 to -1.75)
was greater than that observed for the November
samples (-1.23 to +0.92). This may be caused
not only by a greater variability in water source
between species, but also between individuals of
the same species during drought periods. More
variable water sourcing by plants in a coastal sand
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TABLE |
Leaf water oxygen and hydrogen isotopic enrichment (AL) and hydrogen and oxygen isotope ratios of
plant stem water (0) for each species for November of 2005 and January of 2006. Different letters for
each month in each variable indicating significant differences among species (p<0.05) and asterisks
indicating significant differences in each species for each variable between months (p<0.05).

. AP0 AD 00 Stem oD Stem
Species
Jan Nov Jan Nov Jan Nov Jan Nov
Byrsonima sericea 17.66+  5.84+ 6856+ 17.99+ -4.83+ 092+  -47.70+ -0.86%
325a* 0.24ab  21.79a 2.06a 2.06a 0.22b  15.03a* 0.99%
Erythroxylum ovalifolium 15.58+ 5.22+ 52.86+ 1152+  -1.75% 071+ -24.66+ -1.80%
1.32a* 1.79a 293a* 12.04a 0.33a* 030b 1.74a* 1.02a
Eugenia umbellifiora 16.04+ 10.94+ 56.81+ 29.29+ -3.76x -0.76x -32.18+ -6.12+
: 152a* 0.80c 9.8la* 1.48a 1.48a 0.19a 9.39a*  0.90a
Maytenus obtusifolia 1440+ 1051+ 4525+ 2528+ -3.66+ -1.23+ -25.72+ -2.09+
0.7la* 0.57bc 0.91la* 2.62a 0.25 a* 0.18a 190 a* 1.72a
Myrsine parvifolia 1550+  4.66+ 57.17+ 510+ -4.10+  -1.21+ -30.32+ -5.41+
0.84a* 3.17abc 3.40a* 20.73a 0.25a* 0.34a 0.88a* 3.28a
Protium icicariba 15.85+ 12.24+ 64.09+ 2533+ -245+ -0.74+ -26.76+ -1.28%
0.70a* 0.99c 10.09a* 4.62a 053a* 0.22a 1.06a* 1.50a
TABLE 11
Correlation matrix between isotopic ratios of stem water and leaf water isotopic
enrichment versus different leaf traits. Bold values are statistically significant (p<0.05).
Leaf Traits oD Stem Jan oD Stem Nov 8”0 Stem Jan 6*°0 Stem Nov AD g AD nov AL180 Jan AL180 Nov
Leaf Mass per Area -0.16 -0.58 -0.66 -0.5 -0.41 0.33 -0.23 0.19
Leaf Succulence 0.0 -0.76 -0.59 -0.6 -0.48 -0.09 -0.35 -0.11
Leaf Thickness -0.09 -0.76 -0.64 -0.52 -0.4 -0.16 -0.26 -0.2
Leaf Density -0.11 0.54 0.11 0.1 0.25 0.85 0.18 0.78
Rem;’;@gﬂf;iit'c 0.66 0.31 0.09 0.72 093 02 -0.92 0.32

dune community under salt water impact was
previously observed by Greaver and Sternberg
(2006), where plants in the seaward side of sandy
coastal plains did not show significantly different
water source relative to landward plants based
on isotopic composition of stem water. Seaward
plants, however, showed greater variance in the
isotopic composition of stem water than landward
plants, indicative of a more variable water source
for seaward coastal dune plants.

Despite the fact that the January water source
was isotopically lighter than those of November,
factors such as lower relative humidity (RH) or a

different transpiration regime could have caused
the isotopic enrichment of leaf water of the January
samples to be greater than those of November (Yakir
and Sternberg 2000). Our results at the species level
showed absence of significant differences in leaf
water isotopic enrichment among species over the
long dry spell of January, but not during favorable
water availability in November. Recently, a trait-based
approach in restinga indicated that temporal variation
in water availability may predispose plants to water
shortage during rainless days what may explain the
convergence of leaf water isotopic fractionation
during the dry spell (Rosado and de Mattos 2010).

An Acad Bras Cienc (2013) 85 (3)
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Restinga plants show high values of leaf water
potential at the turgor loss point, less negative osmotic
pressure and most species have indications of chronic
photoinhibition during the dry season. In addition,
some species have alower amount of leaf areaavailable
for transpiration during the dry season (Rosado and de
Mattos 2010). In terms of leaf morphological traits,
Rosado and de Mattos (2007) also reported in the
same restinga species, a trend of highest values of
LMA, SUC, TH and DEN in dry months during three
years of study suggesting convergent responses to
deal with temporal heterogeneity of water availability.
Additionally, in a broad scale, the study of Huxman
et al. (2004) also observed that despite differences
across biomes in annual precipitation, physiognomy
and climatic history, rain use efficiency (i.e., the
ratio of aboveground net primary production to
precipitation) converged during years when water was
the most liming factor. Thus, in spite of differential
ability of plants to cope with water shortage, during
periods of strong water limitation, plants may show
convergence of responses, which might be more
related to a universal limit of plant survival under
stressful conditions.

We observed that the greater the RWC,pp, the
lower the average A %0 and A D of leaf water
during the dry spell. According to Steudle et al.
(1993), the water movement within leaves can
occur simultaneously in three different pathways:
(1) apoplastic flow through cell walls or cell to
cell movement; (ii) via aquaporins; and (iii)
plasmodesmata. Barbour et al. (2000) pointed out
the importance of the increases in the effective
length (L) to produce significant Péclet effect
because of increases in the tortuosity in the water
movement from the vein to the leaf evaporative
surface. Barbour and Farquhar (2003) using wheat
leaf as a model, estimated L for apoplastic pathway,
between 9 and 15 mm, and for plasmodesmata and
aquaporin pathway, between 121 and 201 mmand 9
and 15 mm, respectively. The authors observed that
the three pathways of water movement presented
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different contributions to the enrichment between
the vein and the evaporation sites and consequently
could create a significant Péclet effect. We suggest
that a best test for an important control of the Péclet
effect would be the parameter 1-De/DI, where De
is Craig-Gordon enrichment and DI is observed
steady-state leaf water enrichment, against the
parameter that is presumed to be controlling the
Péclet number, which would the RWC,pqp,.
Although we did not measure leaf transpiration,
our results open new perspectives about the leaf
traits that could affect A_. Interestingly, despite
recent findings demonstrating that traits related to
leaf hydraulic conductance are positively related
to L (Ferrio et al. 2012), our non-significant
relationships between stem and leaf water isotopic
enrichment and leaf morphological traits are
contrary to these results since leaf hydraulic
conductance and mesophyll conductance might be
negatively related to such leaf traits like LMA and
TH (Aasamaa et al. 2005, Flexas et al. 2008). In
fact, in cases where water flow is reduced due to
tortuous apoplastic pathway, increases in effective
L has been observed (Ferrio et al. 2009, Zhou et
al. 2011). As mentioned by Lai et al (2008), L
has never been directly measured and the effect
of the uncertainties of measurement of L on A, is
unknown. Therefore, we suggest that RWCapop,
as proxy for L, may perform a conspicuous role,
in the movement of water and the tortuosity of the
pathway from leaf vein to the evaporative surface.
As discussed previously, bulk leaf water
isotopic enrichment is in part a function of the Péclet
number, which in turn is a function of transpiration
(T) and the effective diffusive length of the leaf (L).
Here, we propose that during the relatively wet
month of November, transpiration typical of each
species is a source of distinction in the leaf water
isotopic enrichment. During the dry spell, however,
transpiration rates may decrease to a consistently
low value between restinga species (L.B. Lignani
et al., unpublished data), raising the importance
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of the effective diffusive length as of great source
of variability for the bulk leaf water enrichment
among species. Contrary to other studies performed
in tropical forests where plants are subjected to
high environmental heterogeneity (Lai et al. 2008),
the RH and isotope ratios of water vapor cannot
explain the variability observed here since during
sample collection all plants were exposed to the
same RH and vapor pressure deficit (B.H.P. Rosado
et al., unpublished data). Supporting this, we
observed that during the wet season average leaf
water enrichment did not correlate with RWC .
Hence, future studies performed in drought prone
habitats where transpiration rate is low, should
consider the role of RWC,,,, as a proxy for the
effective diffusive length of the leaf (L) in isotopic
models of leaf water enrichment.

In conclusion, we raised important aspects
that will deepen our understanding regarding
the mechanisms affecting leaf water enrichment
and the diversity of ecophysiological behaviors
in restinga plants. We demonstrated that despite
differences in isotopic signatures during periods
of higher water availability, restinga plants may
converge to a similar foliar response during a long
dry spell amidst the rainy season. Moreover, during
a drought period the average leaf water isotopic
enrichment may be determined by anatomical
properties of leaves, which are reflected in the
RWC,pop- Therefore, we suggest that RWCjpp
may be an important functional trait to be used as
a proxy L in isotopic models explaining leaf water
isotopic enrichment.
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RESUMO

Durante a transpiracao das plantas, moléculas de &gua com
is6topos mais leves de oxigénio e hidrogénio evaporam e
se difundem mais rapidamente através dos estomatos do
que moléculas com isétopos mais pesados, 0 que causa
enriquecimento isotépico de agua em folhas. Embora
modelos prévios assumam que a agua da folha é bem
misturada e isotopicamente uniforme, o fechamento néo
uniforme dos estdmatos, promovendo enriquecimentos
diferentes entre as células e diferentes compartimentos
de agua dentro de folhas, devido as caracteristicas morfo-
fisiologicas, podem levar a imprecisdes dos modelos
isotépicos na previsdo de enriquecimento da agua foliar.
Nos avaliamos o papel de atributos morfo-fisioldgicos
foliares sobre o enriquecimento isotépico da agua foliar
em espécies arboreas que ocorrem em planicies arenosas
costeiras no Brasil, conhecidas como restingas. 1s6topos
estaveis de hidrogénio e oxigénio em amostras de solo,
ramos e folhas e caracteristicas foliares foram medidos
em seis espécies arbdreas de restinga durante periodos
seco e chuvoso. O enriquecimento isotopico de agua
foliar relativo & 4gua dos ramos foi mais homogéneo
entre as espécies durante a seca, em contraste com o
periodo chuvoso, sugerindo respostas convergentes para
lidar com a heterogeneidade temporal na disponibilidade
de 4gua. A média de enriquecimento isotopico de agua
foliar relativo a agua dos ramos durante o periodo de seca
foi altamente correlacionada com o contetdo relativo de
agua apoplasmatica. N6s discutimos estes resultados no
contexto de modelos atuais de enriquecimento isotépico
de &gua foliar como uma funcdo do efeito Péclet.
Sugerimos que estudos futuros devem incluir o contetdo
relativo de 4gua apoplasmatico em modelos isotdpicos.

Palavras-chave: enriquecimento isotdpico foliar, efeito

Péclet, restinga, atributos morfofisioldgicos.
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