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Chapter 20
Seasonal Changes in Photosynthetic Nitrogen 
of Tree Species Differing in Leaf Phenology 
in a South-eastern Brazilian Savanna
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Abstract Dominant tree species from a south-eastern Brazilian savanna showing 
different leaf phenologies (evergreen, semi-deciduous and deciduous) were char-
acterized regarding photosynthetic potential (A), leaf nitrogen content (% N), spe-
cific leaf area (SLA), photosynthetic nitrogen (PN) and photosynthetic nitrogen use 
efficiency (PNUE). The ecophysiological traits evaluated seasonally (dry and wet 
season) characterized a gradient of strategies among three species: the evergreen 
species that dominates lower strata, showed low % N, SLA, Amax and Amass and 
high PNUE; the semi-deciduous species that dominates intermediate strata, showed 
medium leaf nitrogen and SLA and high Amax, Amass and PNUE; the deciduous 
species that dominates the canopy, showed high leaf N, SLA, Amax and Amass and 
low PNUE. Non deciduous species invested relatively more nitrogen in photosyn-
thesis during the wet season, while the deciduous species maintained higher PN in 
the dry season. Photosynthetic N and PNUE appear to be the key to a better under-
standing of the relations among leaf traits, N content and photosynthetic potential in 
species with different leaf phenologies and subjected to climatic seasonality.
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20.1  Introduction

The Brazilian Savanna (Cerrado) is one of the richest and most threatened tropical 
savannas in the world and is considered to be a hotspot for biodiversity conservation 
(Myers et al. 2000). The Cerrado biome in Brazil covers 2 million km2 representing 
23 % of the country’s area (Ratter et al. 1997). Savanna ecosystems are primar-
ily controlled by the interactions between water and nutrient availability (Medina 
1987) with a high influence of seasonality (Nardoto and Bustamante 2003). The 
basic environmental structure can be modified by changes in fire frequency and 
land-use (Bustamante et al. 2006). Despite the conversion of the native Cerrado in 
the recent decades to more intensive land use, few studies have focused on increas-
ing the understanding of the Cerrado ecosystem functioning.

The impact of climatic seasonality on leaf phenology was well documented in 
the early 1990s. However, the response of trees, particularly trees differing in leaf 
phenology, to seasonal drought has barely received attention latterly (Eamus et al. 
1999). This kind of study is important mainly due to three reasons: as part of climate 
change research, knowledge of the seasonality of tree behaviour is required to esti-
mate annual carbon (C) fluxes in relation to seasonally dry ecosystems; to manage 
water resources in such ecosystems; and a complete understanding of any ecosys-
tem can be attained only if the annual cycle is well studied (Eamus et al. 1999).

Phoenix et al. (2006) report substantial increases in nitrogen (N) deposition 
rates across the tropics over recent decades, as a consequence of fossil-fuel com-
bustion and fertilizer use (Matson et al. 1999). The deposition over Brazilian At-
lantic Coast (Galloway et al. 2004), including the Cerrado hotspot has been well 
documented (Phoenix et al. 2006). Lewis et al. (2004) highlighted several climatic 
change forces that can act together to modify the forested ecosystems around the 
world, including increasing CO2 and N deposition, which can promote growth de-
pending on water availability and temperature. But studies on how C and N will 
possibly interact and on the influence of vegetation on C and N cycles in savanna 
ecosystem remain scarce (Eamus et al. 1999). In this context, understanding the 
assimilation of N and C is pivotal to clarifying these interactions, and photosyn-
thesis is one of the most important physiological processes where these elements 
interact in plants.

Shipley et al. (2006) showed a unique link between most of the covariation in 
some leaf traits, across a wide range of environmental conditions and taxonomic 
groups, such as maximum net photosynthetic rate (Amax), leaf respiration (Rd), 
leaf N concentration, specific leaf area (SLA), leaf dry matter and leaf life span 
(LL). Together, this set of leaf traits has been called the ‘worldwide leaf economics 
spectrum’ (LES) as defined by Wright et al. (2004), because this correlated suite of 
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traits reflects the trade-off between the rapid acquisition of resources and the con-
servation of captured resources (Marino et al. 2010). The average values of these 
traits change predictably along major environmental gradients, but the patterns of 
covariation are largely (but not completely) unaffected (Marino et al. 2010). Leaf 
photosynthetic capacity is generally well correlated with leaf N content, but some 
variations between species occur, and are mainly related to specific leaf area (SLA), 
i.e. the projected leaf area per unit leaf dry mass (Harrison et al. 2009). In the pres-
ent study we evaluate the seasonal dynamics of some of the leaf traits involved in 
the LES and analyze how they interact with N investment into photosynthetic ap-
paratus in dominant tree species belonging to three different phenological groups 
occurring in a south-eastern Brazilian Savanna.

20.2  Material and Methods

20.2.1  Study Area and Species

The study area, known as Pé-de-gigante, is located in a Brazilian Savanna (Cerrado) 
over Red-Yellow Latosol (Pivello et al. 1998) inside the Vassununga State Park, Sao 
Paulo State, south-eastern Brazil, (21° 36–38’S, 47° 36–39’W; 590–740 m above 
sea level;1,225 ha), under a Cwag climate (Köppen 1948). A more detailed charac-
terization of the study area can be found in Pivello et al. (1998, 1999). The species 
were chosen based on a previous phytossociological study (Latansio-Aidar et al. 
2010), which identified and characterized the most important species in the area: 
Anadenanthera falcata (Leguminosae-Mimosoideae), a deciduous species; Xylopia 
aromatica (Annonaceae), a semi-deciduous species; and Myrcia lingua (Myrtace-
ae), an evergreen species.

20.2.2  Gas Exchange Measurements

Net photosynthesis and stomatal conductance were measured simultaneously using 
a portable photosynthesis analyzer system (Li-6200, LiCor Inc, Lincoln, NE, USA). 
Light and CO2 response curves were made in leaves under controlled air tempera-
ture (25 °C), light and CO2, a flow rate of 500 mmol s−1 and the relative humidity of 
air entering the leaf chamber maintained between 70 and 80 %. All measurements 
were performed from 07.00 to 11.00 h local time during late summer and winter 
in 2006. Photosynthetic rates were measured in ten fully expanded leaves of each 
species, ten individuals per species. Immediately after the gas-exchange measure-
ments, each leaf was harvested, taken to the laboratory, and its area, dry mass and 
N concentration determined. From the data obtained, we calculated specific leaf 
area (SLA), leaf N content per unit mass (% N), net CO2 assimilation per unit leaf 
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area and mass (Aarea and Amass), instantaneous photosynthetic nitrogen (PN) and 
photosynthetic nitrogen-use efficiency (PNUE).

20.2.3  Leaf Analysis

Fresh leaf areas were measured using Leaf Area Measurement software (Version 
1.3). Leaves were oven-dried at 65  °C to get the dry mass, then grounded separately 
in a ball mill to a fine powder and a 1.5–2 mg sub-sample were placed and sealed in 
a tin capsule and loaded into a ThermoQuest-Finnigan Delta Plus isotope ratio mass 
spectrometer (Finnigan-MAT; CA, USA) in line with an Elemental Analyzer (Carlo 
Erba model 1110; Milan, Italy) as described by Stewart et al. (1995). Light curves 
were fitted with a non-rectangular hyperbola and Rubisco activity was calculated 
according to Sharkey et al. (2007). The fraction of leaf N allocated to Rubisco or PN 
was inferred from the relationship between photosynthetic rate per unit leaf N and 
SLA according to von Caemmerer et al. (1994) using data from CO2curves. Pho-
tosynthetic rate per unit N or Photosynthetic nitrogen-use efficiency [PNUE [μmol 
CO2 mol−1 N s−1] was calculated dividing the CO2 assimilation rate per unit mass by 
the N content per unit leaf mass (Sharkey et al. 2007).

20.2.4  Statistics

The averaged data were analysed using the software packages Origin 5.0 (Microcal 
Software Corp., Northampton, MA, USA) and Winstat (R. Fitch Software, Cam-
bridge, MA, USA, 2001).

20.3  Results

Figure 20.1a shows that the maximum photosynthetic rates based on area (Aarea) do 
not statistically differ between species neither in the wet, nor in the dry season, how-
ever the rates decreased in the dry season to more than half of the wet season values. 
By contrast, photosynthetic rates based on mass (Amass), shown in Fig. 20.1b, are 
clearly higher in the wet season for the semi-deciduous species, followed by the 
deciduous species and evergreen species. In the dry season, values were higher in 
the deciduous species, followed by the semi-deciduous and evergreen species. All 
species presented a decrease in photosynthetic rates in the dry season.

In the semi-deciduous and evergreen species, SLA did not change from the wet 
to the dry season, and the deciduous species presented a rise in this parameter due 
to the decrease in leaf mass, typical of deciduous species in senescence period 
(Fig. 20.1c). Decreases in N invested in photosynthesis (PN) were observed in the 
evergreen and semi-deciduous species from the wet to the dry season (Fig. 20.1d): 
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X. aromatica PN reduced from 40 to 24 % of total leaf N, and M. lingua PN reduced 
from 80 to 14 %, following a slight decrease in % N. By contrast, the deciduous spe-
cies presented an increase in PN amount, rising from 27 % in the wet season to 78 % 
in the dry season but % N fell substantially between seasons (Table 20.1).

The PNUE value was lower in the deciduous species and higher in the semi-
deciduous species in the wet season. The tendency was reversed in the dry season 
on the deciduous species that presented higher values just before leaf shedding, 
when compared with the other species (Table 20.1).

Based on the phenological and ecophysiological traits, it was possible to char-
acterize a gradient of strategies among species: the evergreen species M. lingua 
dominating the lower strata, showing low SLA, N content, Amax and Amass; 
the semi-deciduous species X. aromatica dominating the intermediate strata, and 
showing intermediate SLA and N content and high Amax and Amass; the decidu-
ous species A. falcata dominating the canopy and showing high SLA, Amax and 
Amass.

a 

c d

b

Fig. 20.1  a Photosynthetic rate per leaf area (Amax, μmol CO2 m
2 s−1). b photosynthetic rate per 

leaf mass (Amass, μmol CO2 kg−1 s−1). c specific leaf area (SLA, m2 kg−1) and d photosynthetic leaf 
nitrogen (PN, %) in the wet and dry season of the phenological groups studied in the Brazilian 
Savanna. Dark bars represent the deciduous species Anadenanthera falcata; grey bars represent 
the semi-deciduous species Xylopia aromatica; and open bars represent the evergreen species 
Myrcia lingua. Error bars denote one standard error of the mean
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20.4  Discussion

The results indicate that semi-deciduous and evergreen species invested more ni-
trogen in photosynthesis in the summer, in agreement with higher photosynthetic 
assimilation in this season, but they did not change SLA. The increased investment 
in PN in the winter observed in the deciduous species, even with the lower Amass, 
suggests that, in spite of the absolute decrease in total leaf N, the remobilization of 
compounds (including N compounds) preceding senescence, somewhat preserved 
PN from being withdrawn before leaves started to fall. This result supports the 
world pattern found by Wright et al. (2004) when describing the LES: deciduous 
species have high Amass rates, SLA, % N and low LL. Here we have showed that 
the deciduous species retain some leaf N as PN goes up until leaf abscission.

According to Harrison et al. (2009) PN tends to decrease as SLA decreases be-
cause a smaller SLA is associated with greater leaf longevity. Field and Mooney 
(1986) suggested that there is maybe a trade-off between investing N in photosyn-
thetic proteins such as ribulose1,5-bisphosphate carboxylase/oxygenase (Rubisco) 
versus compounds required for longevity (Harrison et al. 2009). Our study shows 
that this relation between PN and SLA is true for the deciduous species but not ap-
plicable to the semi-deciduous and evergreen species, which showed similar SLA in 
both seasons and decreased PN in the dry season, suggesting N reallocation to other 
functions than photosynthesis, probably to maintain the leaf structure during the 
dry season, investing in leaf anatomy to protect against water loss. This hypothesis 
is plausible if we consider the need to cope with water loss imposed by seasonality 
changes. A study conducted in the same area by Coletta et al. (2009) found that the 
seasonality of water availability plays a major role in N uptake.

Harrison et al. (2009) found no trade-off between N associated with cell walls 
and the N allocated to ribulose 1,5-bisphosphate carboxylase/oxygenase (Rubisco) 
and variation in PNUE could not be explained by variation in cell wall N. But the 
comparison between evergreen and deciduous Quercus species (Takashima et al. 
2004) revealed a clear trade-off between N invested in Rubisco and cell wall pro-
teins. Leaves from evergreen Quercus had greater leaf mass per unit area (LMA, the 
reciprocal of SLA) and allocated a greater proportion of leaf N to cell wall protein 

Table 20.1  Total leaf nitrogen content per leaf mass (% N) and photosynthetic nitrogen-use effi-
ciency [PNUE [μmol CO2 (mol N)−1 s−1]] of the phenological groups studied in the Pé-de-Gigante 
Brazilian savanna: evergreen species Myrcia lingua, semi-deciduous species Xylopia aromatica 
and deciduous species Anadenanthera falcate

Evergreen Semi-deciduous Deciduous
% N
Summer 1.47 2.34 2.47
Winter 1.23 2.19 2.07
PNUE   μmol CO2 (mol N)−1 s−1

Summer 64.48 75.97 61.03
Winter 20.23 21.48 28.71
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than leaves from deciduous Quercus. Onoda et al. (2004) studying leaves of Polyg-
onum cuspidatum also found a greater proportion of leaf N allocated to cell walls as 
LMA increased. Ellsworth et al. (2004) calculated that the proportion of N allocated 
to Rubisco declined as LMA increased in 16 species with LMA ranging from 50 to 
300 g m−2. They suggested that this was related to the need for greater investment in 
structural N. Clearly, there is a need for more data on cell wall N. Still, our results 
suggest that the semi-deciduous and evergreen species are probably allocating N in 
the dry season to processes other than photosynthesis. However, we cannot be sure 
at this time, that investing more N on cell walls, for improvements in leaf structure, 
is an adaptation to surviving throughout the dry season and low water availability, 
even with no changes in SLA or total leaf N between the seasons. Further data are 
needed for a better understanding on the relations among leaf phenology, leaf N 
content, PNUE and PN in tree species from the Brazilian Savanna.
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