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ABSTRACT: Carbon and nitrogen biogeochemical cycles in savannas are strongly regulated by the
seasonal distribution of precipitation and pulses of nutrients released during the wetting of the dry
soil and are critical to the dynamics of microorganisms and vegetation. The objective of this study was
to investigate the spatial and temporal variability of C and N isotope ratios as indicators of the cycling
of these elements in a cerrado sensu stricto area, within a protected area in a State Park in the state of
S#o Paulo, Brazil. The foliar §*°C and 8N values varied from —33.6 to —24.4 %o and —2.5 to 4.5 %o,
respectively. The §°C values showed a consistent relationship with canopy height, revealing the
importance of structure of the canopy over the C isotopic signature of the vegetation. Carbon
isotopic variations associated with the length of the dry season indicated the importance of recent
fixed C to the integrated isotopic signature of the leaf organic C. The studied Cerrado species
showed a depleted foliar 8°N, but a wide range of foliar Nitrogen with no difference among canopy
heights. However, seasonal variability was observed, with foliar 8"°N values being higher in the
transition period between dry and rainy seasons. The variation of the foliar C and N isotope ratios
presented here was consistent with highly diverse vegetation with high energy available but low
availability of water and N.
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VISAOI1SOTOPICADAVEGETACAOE OSCICLOSDO
CARBONO ENITROGENIONUM ECOSSISTEMA DE
CERRADO, SUDESTE DO BRASIL

RESUMO: Os ciclos biogeoquimicos do carbono e do nitrogénio em savanas sdo fortemente regulados
pela distribuicdo sazonal de precipitagdo e pulsos de nutrientes liberados ap6s eventos de chuva, que
sdo criticos para o comportamento dos microrganismos e da vegetagdo. Investigou-se a variabilidade
espacial e sazonal dos isétopos estaveis de C e N como indicadores da ciclagem destes elementos em
uma area de cerrado sensu stricto de uma area protegida em um Parque Estadual no estado de Séo
Paulo, Brasil. Osvaloresde §°C e 3*N foliar variaram de-33,6 a-24,4 %o e-2,5 a4,5 %o, respectivamente.
Os valores de §"°C apresentaram uma relacdo consistente com a altura do dossel, mostrando a
importancia da estrutura da vegetagdo na assinatura isotopica do C da vegetagdo. A variagdo isotépica
do Carbono associada com a duragéo da estacdo seca indica a importancia do C recentemente fixado
para integrar a assinatura isotopica do C organico da folha. Com relagéo ao Nitrogénio, as espécies de
Cerrado estudadas apresentaram uma grande variagio no 8N foliar. N&o houve relacdo entre o §°N
foliar com a altura do dossel. No entanto, os valores de 8N foliar apresentaram uma variabilidade
sazonal, com maiores valores de §'°N na transic&o entre as estacdes seca e chuvosa. A variagio
encontrada na composic¢éo isotépica do C e N foliares foi consistente com o fato de a vegetagdo ser
altamente diversa, tendo que lidar com uma alta disponibilidade de energia, mas baixa disponibilidade
de &gua e N.

Palavras-chave: cerrado, carbono, nitrogénio, isétopos estaveis, savana
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INTRODUCTION

Savanna ecosystems are primarily controlled by the
interactions between water and nutrient availability, as
savanna vegetation often occurs either on highly weath-
ered soils with low nutrient availability, in regions of
limited rainfall, or both (Medina, 1987). This basic en-
vironmental structure can be modified by changes in
fire frequency and land-use (Bustamante et al., 2006;
Miranda et al., 2002; Ratter et al., 1997).

The Brazilian Cerrado (savanna) biome covers 2 mil-
lion km? representing 23% of the area of the country.
It is an ancient biome with rich biodiversity, with ap-
proximately 800 species of trees and large shrubs
(Ratter et a., 1997). Despite the intense land-use con-
version of the native Cerrado in the recent decades,
few studies aim to understand functioning of the
Cerrado ecosystem. Furthermore, studies on the in-
fluence of vegetation on carbon and nitrogen cycles
in this savanna ecosystem remain scarce.

The C and N dynamics are primarily modulated by
the biota, especialy through photosynthesis as one of
the major links between atmosphere and terrestrial eco-
systems. To better understand the C and N cycles and
how they affect the ecosystem functioning, it is es-
sential to understand how plants interfere in the C and
N cycle in the ecosystem. One way to address this
issueisto use integrating tools such as the natura abun-
dance of C and N isotopes. While several previous
studies have focused on qualitative patterns of nitro-
gen stable isotope ratios (3"°N) in ecosystems to de-
rive information about the N cycle (Amundson et al.,
2003; Bustamante et al., 2004; Martinelli et a., 1999,
Ometto et al., 2006), variation in the carbon stable iso-
tope ratios (5°C) allows for making inferences about
physiological plant dynamics, but also the ecophysi-
ological aspects of the ecosystem (Ometto et al., 2006;
Pataki et al., 2003).

The objective of this study was to investigate the
spatial and temporal variability of C and N isotope ra-
tios as indicators of the cycling of these elementsin a
cerrado sensu stricto area, in S80 Paulo State, south-
eastern Brazil.

MATERIALAND METHODS

Study site

The studied site is located in a state park in the mu-
nicipality of Santa Rita do Passa Quatro (21°36-38'S
and 47°36-39'W), in the State of S&o Paulo, Brazil.
The park has 2,070 ha, with atitude varying from 590
to 740 m. The cerrado vegetation covers 59% of the
park, with the cerrado sensu stricto being the predomi-
nant phytophysiognomy (79%) (Batalha & Mantovani,

2001), composed of a continuous ground layer domi-
nated by grasses and awoody layer of trees and shrubs
covering 50-60% of the area, with maximum canopy
height of 10m (Pivello et a., 1998). This area has been
protected against fire since it was converted to a state
park in 1970 (H.J. Ribeiro, personal communication).
From the total Cerrado area in Brazil, about 6% occur
in the state of S&o Paulo, representing the southeast-
ern boundary of the Cerrado biome; however, this re-
maining natural vegetation appears nowadays as small
fragments of the landscape, mostly surrounded by eu-
calyptus, citrus and sugar cane plantations (Vieira et
al., 1989).

The annual precipitation is around 1,500 mm year™
(Pires Neto et al., 2005) with the dry period between
May and September. The soils are predominantly
Dystric Haplic Arenosol (54%) and Eutric Haplic
Arenosol (40%) (FAO, 2006). In the studied site, the
soils are predominantly dystrophic, with high sand con-
tent (> 80%), acidic pH values (< 4.5), high alumi-
num saturation and low cation exchange capacity
(Pivello et d., 1998; Silva, 2005).

Plant and Soil Sampling

The foliar material was collected during a two-year
period (from May 2005 to April 2007). A total of 180
leaf samples were collected throughout the canopy
height profile, using an 18 m scaffold tower. For each
individual plant, five to eight mature and healthy leaves
were sampled from the same height. A composite
sample was made with leaves sampled at the same
height from the sameindividua plant. All sampled trees
were positively identified, and the plants belonged to
22 Cerrado wood species. The plants were grouped
according to the corresponding canopy height and
classified as: understory (< 2 m); mid canopy (> 2 m
and < 7 m) and upper canopy (= 7 m). Four soil
samples were taken at the soil surface (0-10 cm depth)
near the scaffold tower mentioned above.

| sotopic analyses

All leaf samples were oven-dried at 65°C until con-
stant weight and then ground to a fine powder. Soil
samples were air-dried, sieved using a 2-mm mesh and
homogenized. A smaller sub-sample was taken, hand-
picked to remove fine roots and other debris and then
ground in a mortar and pestle.

A 1.5-2 mg sub-sample of ground leaf material or
15-20 mg sub-sample of ground soil were placed and
sealed in atin capsule and loaded into a ThermoQuest-
Finnigan Delta Plus isotope ratio mass spectrometer
(Finnigan-MAT; CA, USA) in line with an Elemental
Analyzer (Carlo Erbamodel 1110; Milan, Italy). Stable
isotope ratios of C and N were measured relative to
recognized international standards. Internal working
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standards (Atropine and soil standard no. 502-308 from
LECO Corporation) were included in every run, as a
standard laboratory procedure. Stable isotope values
are reported in “delta’ notation, as & values in parts
per thousand (%o), so that 8%, = (R wmpe! R goncerd —
1) x 1000, where R is the molar ratio of the rare to
abundant isotope (°N/*N; *C/**C) in the sample and
the standard. The precision of the measurements were
+ 0.3%, 0.1%, 0.3%. and 0.5%. for C, N, §°C and

8"N, respectively.

Satistical Analyses

The Kolmogorov-Smirnov test was used to deter-
mine the normality of the data. As the data followed
normal distribution, parametric tests and Pearson cor-
relations were used. Student’s t-test was used to as-
sess differences between legumes and non-legumes
within a site, or for seasonal comparisons both for C
and N data. ANOVA followed by a post hoc Tukey HSD
test was used to determine differences among canopy
heights. All statistical analyses were performed using
the software STATISTICA, version 6.1 for Windows
(StatSoft, 2004). Differences at the 0.05 level were
reported as significant.

RESULTS

Soil characterization

The C and N isotope ratio of the studied soil (0-10
cm depth) was -25.7 £ 0.9 %o and 4.2 + 0.9 %0 (mean
+ standard deviation), respectively. The total soil N
concentration was 0.6 + 0.2 g kg™ and the C:N ratio
was 16 + 2.0.

Overall tendencies

The foliar §°C and §*°N values varied from —33.6 to
—24.4 %o and —2.5 t0 4.5 %o, respectively. There were
no relationships between foliar §°C and §°N values
(r = -0.06). The species average for foliar §°C, §"N,
N concentration and C:N ratio are presented in Table 1.

Height variability of the foliar isotope values
Regardless of the period sampled, foliar §°C values
were positively correlated with canopy height
(r = 0.66; p < 0.05) (Figure 1) while foliar §°N val-
ues did not correlate with canopy height (r = -0.08).
In general, individuals belonging to the upper and
middle canopy showed no differencesin foliar §°°C av-
erages, but a pattern of higher foliar §*C could be ob-
served for those individuals in the upper canopy (Fig-
ure 2). On the other hand, individuals in the under-
story showed consistently lower values of foliar §°C
in comparison to those of the other canopy heights
(p < 0.05) (Figure 2). In terms of foliar §°N, no dif-
ferences were found among individuals from all
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Figure 1 - Variation in the carbon isotope ratios (5*°C) of tree

leaves according to canopy height, measured from
May 2005 to April 2007.

canopy heights. Therefore, in the following sections,
al the foliar 8N data include individuals from all
canopy heights, unless specified.

Stable isotope ratios and nitrogen content of the
woody plants

The studied species were separated according to their
putative N,-fixing ability (individuals belonging to the
Leguminosae family and hereafter called legumes) or
inability (individuals belonging to families other than
legumes and hereafter called non-legumes) (Table 1).
Considering all samples, the foliar §°C average values
of legume leaves were higher than the non-legume
leaves while mean foliar §°N values did not differ be-
tween legumes and non-legumes. However, the ob-
served range of foliar 3°N values for the legumes was
notably smaller (-1.2 to 1.4 %0) compared to the varia-
tion found for the non-legume species (-2.5 to 4.5%o).

The total average foliar N concentration was
2.7 £ 0.5% for legumes, which was higher than the
1.8 + 0.4% for the non-legume trees (p < 0.05). Fo-
liar C:N ratio was, on the other hand, higher for the
non-legume (27.8 =+ 7.5) than for the legume trees
(19.8 £ 3.5) (p < 0.05).

Despite an absence of difference in foliar §°N be-
tween legumes and non-legumes, the legume species
that had at least three individuals samples in this study
were classified into two groups: potentialy N,-fixing
legumes and non N,-fixing legumes, according to the
literature (Table 1) and were compared to two non-
legumes (Figure 3) to determine whether they were
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fixing N, from the atmosphere. There was an overlap
among the foliar 5N values of the potentially N_-fix-
ing legumes, the non N_-fixing legumes and the non-
legumes, and it was not possible to identify their ability
to fix atmospheric N using natural abundance of *N.

Temporal variability

The sampling strategy was devised to investigate the
temporal variability of the §°C and "N values of tree
leaves over a two-year period (Figure 2 and 4). When
the data were classified as dry season (May to Sep-
tember) and rainy season (October to April), no dif-
ferences were found for 8°C in tree leaves from all
canopy heights. However, there was a tendency for
the foliar §°C signals of the upper and middle canopy
trees to increase during the transition period between
the dry and rainy seasons, which seemed to follow a
one-year cycle. The lowest values occurred in the tran-
sition from the rainy to dry seasons (Figure 2). The
increase of water availability in the system can poten-
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tially change the §"C of the leaves changing the ci/ca
ratio (see Farhquar et al., 1989), although the patterns
observed for upper and middle canopy trees indicated
a difference between the expected isotopic signature
of recent assimilated C and the total leaf C which re-
flects the integrated C isotopic signature. For the un-
derstory species this tendency was not notable during
the sampled years.

The same seasonal grouping of the data showed no
differences for "N in tree leaves, which can be re-
lated to the high variability in the foliar 8°N among the
studied species (Table 1). However, there was a no-
table response in §"°N values to variations in precipi-
tation, with higher 8N values occurring in the tran-
sition period between dry and rainy seasons and lower
values occurring in the transition between rainy and
dry seasons (Figure 4). This seasonal tendency was
observed in both sampled years, but a variation in the
magnitude on 8N values could be noted, both for le-
gume and non-legume species.
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Figure 2 - Temporal variation (mean + standard error) in the carbon isotope ratios (6*3C) of tree leaves at three different heights and
average monthly precipitation (gray bars) at a State Park, SP, Brazil: (® - black square) leaves collected from the understory
(height < 2 m); (O - open circle) leaves collected from the middle canopy (> 2 m and < 7 m); (A - close triangle) leaves

collected from the upper canopy (= 7 m).
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Figure 3 - Leaf nitrogen isotoperatios (6°N) (mean + standard error) for selected legume and non-legume species which were separated
in three groups: (open bars) non-legume species, (black bars) non N_-fixing legume species and, (gray bars) potentially N_-
fixing legume species.
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Table 1 - Mean and standard deviation of 8*C and 6*N, foliar N concentration, and C:N ratios in leaves of Cerrado tree
species classified in three canopy heights: understory, middle canopy and upper canopy.

Speciest Family? Heigh canopy n? 313C 5N C:N N %
Acosmium subelegans Fabaceae- Faboideae Under 6 -305+12 -04+06 17.1+3.0 3.0x04
(Mohlenb.) Yakovl. ¢ Middle 5 -30.1+11 -06+08 227+70 24+0.7
Anadenanthera falcata Fabaceae-Mimosoideae Middle 3 -206+10 0409 20.0%0.1 2.8+ 0.02
(Benth.) Speg.
CamOEEy BEEINEER Came o ooy Middle 8 -28.9+1.1 -15£06 29.4+40 1.7%0.3
ssp. brasiliense
Copaifera langsdorffii Desf.c) Fabaceae- Caesalpinoideae Upper 26 -27.7+11 03+06 221+32 24+04
Dimorphandra mollis Benth.®) Fabaceae- Caesalpinoideae Upper 9 -294+15 -002+05 17.0+x29 3.1%0.7
Diptychandra aurantiaca Tul. - .o oooe Caesalpinoideae~ Middle 1 -31.7 0.1 19.4 2.7
ssp. Aurantiaca
Ficus guaranitica Chodat Moraceae Middle 18 -30.6+06 -0.7+08 30.1+64 1.8+%0.5
Lafoensia pacari St. Hil. Lythraceae Under 1 -31.3 -0.5 25.2 1.9
\'\;':;(rl?e”“m acutifolium Fabaceae- Faboideae Midde 1  -30.5 0.6 15.3 3.4
Miconia stenostachya DC. Melastomataceae Under 9 -31.2+0.7 06+05 233+22 21+0.2
Myrcia guianensis DC. Myrtaceae Under 4 -326+13 -02+09 342+50 14+0.2
Myrcia lingua Berg Myrtaceae Under 15 -324+11 -09+09 33752 14+02
Plathymenia reticulata Benth. Fabaceae-Faboideae Under 1 -30.8 -0.1 21.2 2.4
Protium heptaphyllum (Aubl.) Burseraceae Under 1 -30.9 1.9 275 1.7
March. ssp. heptaphyllum
gte‘f]';f]‘f_‘)’” pubescens (Benth) . cae Faboideae Upper 6 -205+08 -03+04 21.7+38 25+0.4
Qualea multiflora Mart Vochysiaceae Under 4 -306£05 -06+04 188+26 2403
) 4 Middle 5 -306+08 -05+06 227+24 20+0.2
Rollinia sericea R. E. Fries.  Annonaceae Under 1 -31.2 4.5 25.9 2.0
Roupala montana Aubl. Proteaceae Under 10 -325+0.7 34+07 388%+60 1.3%0.2
Schefflera vinosa (Cham. & 1 iaceqe Under 4 -205+10 0503 228+26 2303
Schitdl.) Frodin.
Syrax cf pohlii A. DC. Styracaceae Under 1 -31.6 -25 33.9 1.5
Tocoyena formosa (Cham. & g .2 c0qe Middle 2 -29.1+03 -06+01 393+75 1.3+03
Schlecht.) K. Schum
Xylopia aromatica (Lam,) Under 13 -315+12 002+09 21.9+23 23+0.3
e ' Annonaceae Middle 13 -29.8+0.6 -01%1.2 220+24 23%0.2
' Upper 3 -29.0x0.8 0.2+x0.1 198=%x17 26=x0.2

!Classification of nodulation capacity for the genus according to the literature: (+) proven or probable capacity, (+/-) some genus
nodul ate and some not, (-) probably incapable of nodulating. DatafromAllen & Allen (1981); Fariaet al. (1989); Faria& Lima(1998);
2Classification according to Souza & Lorenzi (2005).%n” represents the individuals numbers divided by each height canopy.

DISCUSSION

The data presented here indicate a high variability of
the foliar §*C among the Cerrado species but strongly
associated with canopy height. The overall average
§"C value for all leaf samples (-30.2 + 1.8 %o; n=180)
(mean £ 1 SD) was higher than the average values re-
ported for tropical rainforests (Bonal et al., 2000;
Buchmann et al., 1997; Ometto et al., 2006). Medina
& Minchin (1980) and Ometto et al. (2006) showed a
significant C isotopic variation in relation to the pho-

tosynthetically active radiation (PAR) between the up-
per and lower part of an Amazonian terra-firme for-
ests, named the “ canopy effect”. For the dense canopy
of the Amazonian terra-firme forests, for example,
plants located in lower canopy strata had a different
distribution and quantity of stomata, compared to the
upper canopy leaves.

The lower incidence of direct radiation and possible
low atmospheric water vapor deficit (VPD), associ-
ated with greater stability of the microclimate in this
section of the canopy, allows the understory plants to
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Figure 4 - Temporal variation in the nitrogen isotoperatios (3'°N) of treeleaves (mean + standard deviation), and the datawere separated
in two groups of plants: (black bars) legume and, (open bars) non-legume individuals.

maintain their stomata open for longer periods (Ometto
et al., 2002; Ometto et a., 2006). Hence, leavesin the
upper part of the canopy strata discriminate lessin re-
gards to carbon 13, reflecting in heavier §°C values.
In this study, the differences in the §°C values found
for the canopy strata suggest different strategies of
plants for assimilating CO,, as also observed by
Ehleringer et al. (1993). As briefly mentioned above,
the response of photosynthesis to precipitation or water
availability will be reflected in the carbon isotope ra-
tios of the vegetation (Farquhar et al., 1989). The C
isotope ratios of foliar tissue represent a balance be-
tween stomatal conductance to supply CO, and pho-
tosynthetic demand consuming CO,, integrated in the
ci/caratio. In the Brazilian Cerrado, little data on the
C isotopic variation has been published. Mattos et al.
(1997), looking at the §*°C of 13 species from 11 fami-
lies, in a Cerrado area near this study area (Séo Carlos,
SP) calculated the intrinsic water use efficiency and
identified limitations to carbon fixation caused by wa-
ter stress.

The strong seasonality observed in precipitation and
water availability was not clearly shown in our §*C
values, although, in the upper canopy strata, plants
seem to be more sensitive to variation in water avail-
ability. In the Amazonian terra-firme forests the sea-
sonal distribution of precipitation is correlated with the
8"°C variability of tree leaves (Ometto et al., 2006).
Their observations suggested a time lag between the
C structurally allocated on the leaves' tissues and the
C fixed by photosynthesis, being correlated, therefore,
with previous rainfall. In general, a trend indicating a
lighter §°C signal with an increase of water availabil-
ity and ci/ca ratio is typically observed (Walcroft et
a., 1997). Some authors working in the Amazonian
terra-firme forests with gas flux studies (eddy-cova-
riance) and biomass measurements observed small

wood increments during the dry season, whereas a sig-
nificant increase was observed just before the start of
the rainy season (Goulden et al., 2004; Saleska et al.,
2003), which could indicate a lighter isotope signal of
C fixed at the beginning of the rainy season. The
mechanism suggested by Saleska et a. (2003) for the
increase of diameter wood increment immediately pre-
ceding the return of the rain could be related to the
specific C re-allocation by the plant.

The higher foliar §°C of middle and upper canopy
during the dry season might reflect the cerrado sensu
stricto canopy structure, straining this vegetation in a
higher VDP atmosphere and the lower water availabil-
ity, typical of the season. The range of the foliar §°C
data of the lower canopy individuals is similar to the
lower canopy 8“°C data of the Amazonian terra-firme
forests throughout the year. This seems to reflect an
adaptation of the species located in this stratum to a
more stable micro-climate, discriminating against the
heavier carbon (°C), therefore reflecting a higher re-
lationship between stomata conductance and photosyn-
thetic capacity.

Variations in §C values have been correlated with
other parameters not directly related to canopy height,
including water-use efficiency (Bonal et a., 2000; Guehl
et a., 1998), branch morphology and hydraulic conduc-
tivity (Panek, 1996), structural and compositional dif-
ferences between leaves (Bonal et al., 2000;
Broadmeadow & Griffiths, 1993), and leaf age and po-
sition in the crown (Gebauer & Schulze, 1991). How-
ever, the relative contribution of these factors to varia-
tionsin §"C of plant tissue remains unknown,

Plant speciesin the studied cerrado sensu stricto area
showed depleted foliar §°N signatures, and there was
no difference between canopy heights. However, the
range of foliar 8°N was similar to the wide variation
in foliar 8N reported by Bustamante et al. (2004) in
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different areas of cerrado sensu stricto in Central Bra-
zil. On the other hand, data from Brazilian forest eco-
systems have consistently higher foliar 3°N with a nar-
row range of values compared to the Cerrado data
(Aidar et al., 2003; Ometto et al., 2006).

Severa factors contribute to the large variability in
foliar 5N in the Cerrado, including associations with
mycorrhizal fungi, the variability in the levels of §°N
in the soil organic matter according to depth, the sea-
sonality of N-immobilization and N mineralization
(Bustamante et al., 2004). Despite the large foliar 8"°N
variability among the Cerrado trees, seasonal variabil-
ity was observed in the N isotopic composition of the
Cerrado plant leaves, with foliar §°N values increas-
ing during the transition period from the dry to the
rainy seasons. Some factors may contribute to the sea-
sonal pattern found, as discussed in detail by
Bustamante et al. (2004), including the fact that older
tissues tend to have been higher 8N than younger
ones due to the translocation of N, suggesting that the
net isotopic effect of the phenological cycle in the
Cerrado would lead to be higher §°N values during
the dry season. Whole-plant and leaf N isotope com-
position are determined both by the isotope ratio of the
external N source and physiological mechanisms within
the plant; however, whole-plant N isotope composi-
tion can reflect that of the N source when plant de-
mand exceeds N supply (Evans, 2001).

In the cerrado sensu stricto, athough net N miner-
alization and net nitrification rates are higher during the
rainy season, inorganic-N concentrations decrease dur-
ing the rainy season, indicating that plant uptake de-
creases inorganic-N stocks and consumes the N re-
leased from net mineralization (Nardoto & Bustamante,
2003). Despite the transient nature of nitrate in soils,
the low content of NO,-N in soils of the Cerrado sites
could be related to low nitrification rates, even though
significant production of NH,-N occurs.

The rate of net N mineralization in a cerrado sensu
stricto areain Central Brazil protected from fire for 28
years was only 14.7 kg N ha™ yr*and NO,-N accu-
mulation occurred only in short periods during the
rainy season (Nardoto & Bustamante, 2003). In addi-
tion, the high C:N of litter (>50:1) may contribute to
the low rates of decomposition and mineralization in
Cerrado areas, thus maintaining low availability of N
in this ecosystem (Bustamante et al., 2006).

Mechanistic explanations for local or regional pat-
terns of 5"°N values would require the use of Rayleigh
equations to determine variations in the product (e.g.
plants) and the source (e.g. nitrogen) (Robinson,
2001). This equation establishes the relationship be-
tween the isotopic composition of precursor and prod-
uct based on the fractionation factor and change in

concentration of the substrate. Although, according to
Hogberg (1997), the complexity of N dynamicsin the
plant-soil system renders it quite difficult to apply a
source-product isotopic model. Nonetheless, analysis
of the ®N natural abundance can provide information
on sources and transformations of N in ecosystems
(Amundson et al., 2003; Hogberg, 1997; Martinelli et
al., 1999; Roggy et al., 1999), since variationsin §°N
reflect N isotope fractionations where, for a given re-
action, the product typically becomes N depleted rela-
tive to the substrate (Hogberg, 1997).

We did not measure the isotopic composition of soil
nitrate; however, there is significant fractionation during
the nitrification process, depositing in the soil, isoto-
pically depleted nitrate as compared to the ammonium
(Hogberg, 1997). Consequently, nitrate uptake during
the rainy season would result in plants with lower §°N
values in comparison to the dry season when ammo-
nium predominates in the cerrado sensu stricto soil
(Nardoto & Bustamante, 2003). Therefore, isotopically
identifying the N source of Cerrado woody plants re-
main an open prospect.

Hogberg (1997) predicted that if plants derived a
substantial portion of N inputs from atmospheric N,
then leaf §"°N values would be approximately 0-2 %o.
The 8N method might be inadequate for estimating
N, fixation in such N-limited conditions where plants
tend to be depleted in N as observed in the Cerrado
plants because the foliar §°N values of the legumes
overlapped with those of the non-legumes. Nonethe-
less, nitrogen biological fixation is considered an im-
portant process for delivering N to the system, espe-
cially since this element is limited and there is enough
light to induce biological fixation. Gehring et a. (2005)
considered significant symbiotic biological nitrogen
fixation (symbiotic BNF) in secondary regrowth
(where N-limiting conditions tend to be higher) con-
trary to low symbiotic BNF in mature rainforest in
Central Amazon. Given that areas with N-limited con-
ditions such as the cerrado sensu stricto studied herein,
the role of symbiotic BNF is supposedly an important
N input to the system.

Bustamante et al. (2006) suggest that most Cerrado
legumes, particularly those of the subfamily Faboideae,
are active N_-fixers under natural conditions, but for
a reliable assessment of the contribution of legumes
to the N budget of savannas, it is necessary to under-
stand controls over legume density and seasonal ni-
trogen fixation activity. However, regardless of whether
they are active N_-fixers or not, the studied legume
species showed consistently higher foliar N concen-
tration than the non-legume. This same overall trend
has been observed for other Cerrado areas (Bustamante
et a., 2004; Sprent et al., 1996), and tropical rainforests
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(Ometto et al., 2006; Roggy et a., 1999; Vitousek et
al., 2002), which may be related to a more efficient
N assimilation process in legumes with a high-N-de-
manding character (McKey, 1994).

The difference in canopy structures is an important
factor in the ecological understanding of the system,
and the §"°C values obtained in this study showed a
consistent response, changing its value according to
canopy height, reflecting the non-homogeneous
cerrado sensu stricto structure. The seasonal variabil-
ity of rainfall indicates the importance of recent fixed
C to the integrated isotopic signature of the leaf or-
ganic C and, concerning the N dynamics in the eco-
system, the seasonality of water availability seems to
play a major role in the plant uptake pattern of N.
Therefore, the variation of the foliar C and N isotope
ratios presented here was reliable for highly diverse
vegetation having high energy but low availability of
water and nitrogen.
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