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HIGHLIGHTS

Seasonal changes influence physiological metabolism in plants of Montane Rainforest in Brazil
and it could be assessed and scaled up by photosynthesis and pigments contents.

The results obtained at montane tropical rain forest are interesting and the conclusions
about the relationship between air temperature, albedo and some physiological leaf traits are
probably new

ABSTRACT

Seasonal variation of temperature could place physiological constraints on the distribution
and performance of tropical forest plants, associated with light and water availability.
A simple way to assess the relationship between temperature and plant physiology is
through the characterization of leaf traits. The main aim of this study was to evaluate,
through foliar parameters, the responses of plants to inherent seasonality. A 0.09 ha plot
was installed near the flux tower and albedo sensors at Montane Ombrophilous Dense
Forest (MODF) - Santa Virginia Nucleus. At the peak of the dry and wet seasons, the
electron transport rate (ETR) and photosynthetic pigments were measured. The results
indicated that in MODF, cold and light availability are the main factors that could be
influencing the physiology of species, demonstrated by high ETR in the wet season (197.4
pumol e-m?s™') compared to the dry season (87.4 umol e-ms™). Photosynthetic pigments
varied between seasons, we observed higher chlorophyll b content (p<0.05), and lower
content of carotenoids and xanthophylls (p<0.01) and Chl a/b (p<0.01) in the dry season.
The low temperatures and irradiance influenced metabolic activity.
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INTRODUCTION

In Brazilian Atlantic Rainforest one of the key factors
that drives community structure and composition between
forest physiognomies is the altitude (Oliveira-Filho and
Gomes, 2000; Sanchez et al., 2013), associated with
environmental conditions, such as temperature, irradiance
(Scudeller et al., 2001), cloud level and fog formation
(Rosado et al., 2010, 2012; Vieira et al., 201 I; Joly et al.,
2012). The functionality of these ecosystems can also vary
between sites and seasons. Seasonal changes influence
physiological metabolism of many forest plants and, the
understanding of these variations is important to predict
ecosystem balance and their responses to climate change
in nutrient, carbon and water balances (Guan et al., 2015).

An approach to understand ecosystem functionality
can be assessed though characterization of foliar
parameters (Ollinger et al., 2008, 2010; Hollinger et al.,
2009), since processes that modulate responses at the leaf
level could be extrapolated to ecosystem process. Thus,
the leaf functionality is directly related to its composition,
morphology and energy balance (Roderick et al., 1999;
Reich et al., 1992; Hikosaka and Osone, 2009).

Photosynthetically active radiation (PAR) was
shown to be a relevant element driving the forest
productivity, as plants use this radiation on photosynthesis.
A percentage of the radiation is reflected back to the
atmosphere, which is called albedo. Freitas (2012) defined
albedo as the measure of diffusive reflection of solar
radiation out of the total solar radiation received by a body,
important for the radiation budget of an ecosystem and
for the exchange of heat, matter and water between land
and the atmosphere. Forest albedo is spatially variable and
temporally dynamic, influenced by plant and canopy traits
and surface reflectivity, including forest composition and
leaf phenology (Leonardi et al., 2015).

The determination of photosynthetic pigments is
one of the most frequently carried out analyses in plant
ecology and physiology, as pigments can provide valuable
insight into the physiological performance of leaves
and ecosystem productivity (Pefuelas et al., 1995).
Chlorophyll fluorescence measurements have become
a widely adapted method to quantify photosynthetic
performance of plants under various conditions (Maxwell
and Johnson, 2000), as it is strongly sensitive to stress
caused by high (Li et al., 2013; Slot and Winter, 2017) or
low temperatures (Tsonev et al., 2003).

Tropical montane forests are among the most
endangered tropical forests (Franca and Stehmann,
2004), especially due to the high deforestation caused by
logging, agriculture and anthropogenic pressures. They
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are also very sensitive to variations in the environment,
particularly temperature, in fact, evidence of biodiversity
loss already exists (Colwell et al., 2008) in consequence
of global climate change. The importance of these forests
is well recognized by the scientific community, because
of their high biodiversity, endemism and structural
complexity (Joly et al., 2014).

Understanding how photosynthesis of the tropical
trees could adapt to variation in temperature and others
environmental factors that change along elevation gradients
is not precisely known. In addition, studies that emphasize
the effects of low temperatures in photosynthetic
characteristics in tropical montane forest are rare (Wittich
et al., 2012). Based on that, the aim of this study was to
characterize the relationship between leaf physiology,
including photosynthesis, and seasonal surface albedo in
tree species in the Montane Tropical Forest at “Serra do
Mar” State Park, Sao Paulo State, Brazil.

MATERIAL AND METHODS

Study Area

This study was carried out in Ribeirdo da Casa de
Pedra watershed —Santa Virginia Nucleus, Serra do Mar
State Park, southeastern Brazilian Atlantic Tropical Forest
— Ubatuba, SP — Brazil (Figure I) . Specifically in the eddy
Covariance Flux tower installed in 2007 (23°17°-23°24’S
and 45°03’- 45°1 I'W; 1,020 m of altitude; http://www.
fluxdata.org:8080/SitePages/sitelnfo.aspx?BR-Afs).

According to Koppen (1948), the regional
climate is classified as Cfa or Cfb (Cfa = Humid
subtropical climate and Cfb = Temperate oceanic
climate), with higher rainfall in wet season (Joly et al.,
2012). The soil is shallow and shows more carbon,
nitrogen and phosphorus contents than in lowland
forests (Vieira et al., 2011; Joly et al, 2012). The
Atlantic Forest physiognomy sampled was Montane
Ombrophilous Dense Forest (Veloso et al., 1991) and
the community is characterized by Marchiori et al.
(2016) as in a secondary sucessional stage due to the
past land occupation and logging activities up to 1977,
when the Serra do Mar State Park was implemented.

The micro-meteorological variables measured by
the tower indicated moist month average (q) between
8.0 and 13.5 g-kg"', solar irradiance (Ki) - 120 and 200
W.m?Zand air temperature (Tar) between 12 and 19°C,
respectively in the dry and wet season. The albedo of
the photosynthetically active radiation (albedo PAR) was
measured between July 2010 and July 201 | (Freitas, 2012).

264



EFFECTS OF SEASONAL AR TEMPERATURES AND LIGHT ON LEAF TRAITS AT ATLANTIC

MONTANE FOREST, BRAZILIAN SOUTHEAST

o'W N
& L~ T
v R
/ ‘
/ Y
P Sdo Paulo {
<~ N, p N
R Serra do Mar State ¥
3 park
\c e
// AtlanticOcean
Yo PP oo
b fr— 258
&
&
Al Plot T
o g Itamamb
Researc th
e
PP - ]
*p‘
ymmodati v’é’

FIGURE | Maps showing the location of the study site in Serra
do Mar State Park Sao Paulo State, Brazil. The symbol
(0) indicates the forest plot sampled (Plot T).

Vegetation sampling

The study included two plots, both in the
surrounding area of flux tower. The first plot (Plot T)
has 1.0 ha (100 x 10m) and was located near the flux
tower, approximately 300m apart, in an area inside the
forest. In this plot we measured the litterfall productivity,
phytosociology and species composition (details of
species composition in Marchiori et al., 2016).

The second plot had 0.09 ha (30 x 30m) and was
installed just below the flux tower footprint. The plot
area had been chosen to relate data obtained by plant
physiology and albedo sensors (Kipp-Zonen CM 3 Kipp
and Zonen PAR-Lite), installed 60 m high at the flux and
meteorological tower. The individuals with diameter at
breast height (DBH) = 4,8 cm were identified and had
leaf traits sampled. Twenty two tree individuals belonging
to | | different species reached the previous criteria and
were included in the sample. The species selected to
the present study show different successional strategies
(Aidar et al., 2003). Pioneer species (PSS) included
Vernonia puberula Less. (1 individual); Early secondary
species (ESS) — Alchornea triplinervia (Spr.) Muell. Arg (4
individuals), Cyathea sp. (| individual), Guarea kunthiana
A Juss. (1 individual), Inga marginata Willd. (5 individuals),
Inga sessilis (Vell.) Mart. (I individual), Phytolacca
dioica L. (2 individuals), Fabaceae not identified (I
individual), Tibouchina pulchra Cogn. (I individual); and
Late secondary species (LSS) — Euterpe edulis Mart. (|
individual) and Ocotea dispersa Mez (4 individuals).
Samples from north face of the upper canopy were taken
in winter (‘dry’ season; July 201 1) and summer (‘wet’
season; December 201 1).
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Meteorological data were provided by the Climate
and Biosphere Lab team - IAG / USP and Fapesp Thematic
project “Carbon tracker and water availability: controls of
land use and climate changes” (FAPESP 08/ 58120-3).

Estimation of electron transport rate

Photosynthetic activity was estimated using a
modulated chlorophyll fluorometer (PAM 2100, Walz,
Effeltrich, Germany) in three detached leaves for each
individual, once per season. The modulated red light (0.
Mmol-m™.s') was turned on to obtain complete re-oxidation
of the primary electron acceptor of PSIl and determine
minimal fluorescence (F ), when all PS Il reaction centers
are open. The apparent electron transport rate (ETR) was
calculated using the following equation: ETR=PARXAF/ F’
*0.5%0.84 (Genty et al., 1989; Krall and Edwards, 1992). For
ETR calculation, 0.5 was used as the fraction of excitation
energy distributed to PSII, and 0.84 was a factor of photons
absorbed by chlorophyll molecules. All measurements were
taken between 8 — |2 a.m. under natural light conditions.
Leaf temperatures and PAR incident at leaf were measured
with the leaf clip holder of the PAM-2000 system.

Content of photosynthetic pigments, specific leaf
area and Nitrogen/Carbon content measurements

Chlorophyll and carotenoids were determined
using a spectrophotometric method. Nine discs with
0.79 cm? each were taken from the same leaves used
for chlorophyll a fluorescence analyses. Three discs were
placed in plastic tubes in the dark with 2 mL of 96%
ethanol (Oliveira 201 I). After 4 days, | ml of extract was
diluted in 5 ml 96% ethanol and determined their optical
density in a spectrophotometer (DU®-65, Beckman,
USA) at absorbance wavelengths of 470, 649 and 665 nm.
The photosynthetic pigments were quantified according
to Lichtenthaler and Wellburn (1983) and Wellburn (1994)
for chlorophyll a (Chl a), chlorophyll b (Chl b), chlorophyll
a/ chlorophyll b ratio (Chl a/b), carotenoids + xantophylls.
The values were estimated in mg-g~' dry weight.

For the same individuals and leaves from
fluorescence analysis, three circular disks from the leaves
(0.79 cm?area) were oven-dried at 70°C for at least 72 h
and weighed to determine Specific Leaf Area (SLA) (cm*
LA-g' LDW). In addition, total content of Nitrogen (N),
Carbon (C) and C/N ration, 15N and |3C isotopes were
measured at Isotopic Ecology Laboratory of CENA/
ESALQ / USP - Brazil. We measured mass based foliar
N concentration (N mass, g of N per 100 g of dry leaf
matter) and, then we determined N per unit leaf area (N
area) by multiplying N mass by the LMA (g leaf per cm?
leaf) of the sample (N area = N mass * LMA).
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Litter sampling

The litterfall traps were randomly distributed in a
| ha plot (Plot T), which covered a major area with 1,704
tree species (Marchiori et al. 2016). This plot was divided
in 25 subplots of 20 x 20 m and allocated 5 litterfall traps
in each one. The litter traps were made with PVC pipes
and screens nylon, whose total area was 0.25 m? (0.5m
x 0.5m) and opening of 3 mm screen to prevent the loss
of small leafs. The litter was collected every month and
the samples were dried at 60°C for 3 days, then they
were weighed (g.0.25cm) and transformed in ton.ha™'.
The data given here includes the litter from 27+ July 2010
to 30 June 201 1.

Data Analysis

We had a total of three different leaves for each
tree individual (22 individuals). For each parameter, the
normal distribution and homogeneity of the data was
determined with the Shapiro-Wilk and Levene test. We
used a logarithmic transformation in those variables that
did not follow a normal distribution. To evaluate the
influence of variables in the species physiology between
seasons, a Student t-test was performed (p<0.05), to
normal distribution, or a Mann-Whitney test (p<0.05),
when non-normal distribution was found. In addition,
Pearson correlation coefficients were used to check the
relationship between variables.

Data was analyzed by principal component
analysis (PCA) to separate the species in different
groups and seasons taking into account Chl b, Chl a/b,
carotenoids + xanthophylls, N/area, CN ratio and 8'°C.
PCA is a linear dimensionality reduction technique that
identifies orthogonal directions of maximum variance
in the original data and projects the data into a lower-
dimensionality space made of a sub-set of the highest-
variance components (Manly, 2008). In this study, a space
of two dimensions (two principal components), which
was demarcated by two axes labeled PCI and PC2,
was suitable to our analysis. The methodologies applied
are described in Zar (1999). For statistical analysis and
figures we used the R Development Core Team (201 1).

RESULTS

The leaf photosynthetic pigments content were
different among seasons, with higher Chl b content
(p<0.05), and lower content of carotenoids + xanthophylls
(p<0.0l) and Chl a/b (p<0.01) in the dry season (Figure
2). The mean values were: Chl b, 3.038 mg-g" in the dry
season and 2.28 mg-g' in the wet season. Concentration
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of carotenoids and xanthophyll in the leaves were 0.069
mg.g' in the wet season and 0.035 mg.g' in the dry
season. Chlorophyll a and b were positively correlated
(r=0.89, p<0.0l), as well as Chl a/b ratio and xanthophyll
+ carotenoids contents (r=0.48, p<0.01).
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FIGURE 2 Concentrations of pigments (mean = sd) between dry
and wet seasons: A. Chlorophyll a; B. Chlorophyll b; C.
Chlorophyll a/b ratio; D. Xanthophylls + Carotenoids.
* and ** indicate significant differences between
seasons (p < 0.05 and p < 0.01, respectively).

The nitrogen content per leaf area (N/Area)
showed no statistical difference between seasons,
although it tends to be higher in wet than in dry seasons
(Figure 3). SLA had a tendency to increase in dry season
and was negatively correlated to the concentration
of carotenoids and xanthophylls (r = -0.6 p <0.01)
and N/Leaf Area was positively correlated with the
concentration of carotenoids and xanthophylls (r=0.61,
p<0.0l). Isotopic ratio of N, C and C/N ratio were
statistically similar between seasons (data not shown).

The average values of ETR for all sampled
individuals were higher in the wet season (197.4 umol
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FIGURE 3 A. Specific leaf area; B. nitrogen/leaf area (mean =+ sd)
between dry and wet seasons..
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e-m2s') compared to the dry season (87.4 umol e-ms’';
Figure 4), even with wide variance within species (Figure
4). There was a relationship between the ETR and the
concentration of carotenoids and xanthophylls (r = 0.42,
p <0.01) and the Chl a/b ratio (r = 0.48, p <0.01).
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FIGURE 4 Electron transport rate (mean * sd) between dry
and wet seasons. ** indicate significant differences
between seasons (p < 0.01).

The PCA explained 59% of total data variation
in the first two axis (Figure 5). The principal component
I (PCI) summarized 33% of variability and the main
variables related to axis | were SLA (ev= -0.466), Chl a/b
ratio (ev=0,447), xanthophylls + carotenoids (ev=0,427)
and N/Leaf Area (ev=0,383). The main correlations with
PC2 were Chl a (ev= -0,571) and Chl b (ev= -0,526).
Most wet season samples were on the right side of PCA
and they were correlated with “high values of chlorophyll
a/b ratio, xanthophylls + carotenoids and N/Leaf Area and
low levels of SLA. While most dry season samples were on
the left side and they were related in reverse way with this
variables. There is no strong distinction between seasons
in axis 2 and symbols in the negative side of PC2 were
related with high values of Chl a and Chl b.
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FIGURE 5 Principal component analysis (PCA) according to leaf
parameters in dry (*) and wet (=) seasons. Each symbol
represent mean for specie. Length of the arrow lines
corresponds to the strength of correlation. SLA —
Specific Leaf Area, C/N — carbon and nitrogen ratio,
ETR — Electron Transport Rate, Chl a/b — Chlorophyll
a and chlorophyll b ratio, Xan/Car — xantophyll and
carotenoids ratio, N/area — quantity of nitrogen per
leaf area, Chl a— Chlorophyll a, Chl b — Chlorophyll b,
013 C - carbon isotope | 3)'
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The albedo PAR evaluation at the study site
indicated clear seasonality in light reflectance, showing
higher values during the dry season (Figure 5). The litter
production (Figure 6) showed no patterns among seasons
and months and did not correlate with albedo values.

30 5

Apar (%)

ol NIo Do I FIL MIL AL ML Ml 11
Months

FIGURE 6 Albedo PAR (Apar %; dotted line) and Litter
production (Kg ha-I day-1; bars) in the study site.
T test and ANOVA (p < 0.05). * and ** indicate
significant differences between seasons (p < 0.05 and
p < 0.01, respectively).

DISCUSSION

J0 A

Chlorophyll and carotenoid concentrations are
indicators of plant use and response to light intensity, as
they can be synthesized and degraded (photooxidation)
by it (Strauss-Debenedetti and Bazzaz, 1991; Gongalves
et al, 2001l). Chlorophyll is responsible for the
photochemical phase in photosynthesis, and it is the most
abundant in the reaction centers of the photosystems
I and Il (Streit et al., 2005). However, in elevated light
conditions, the degradation rate overtakes the synthesis,
and a reduction was seen in chlorophyll concentration in
the reaction centers (Goncalves et al., 2001), as well as
we obtained in this study, especially for Chl b.

Carotenoid pigments content, whichareimportant
to dissipate the excessive energy and responsible for the
photosynthetic apparatus protection (Streit et al., 2005),
had higher values in wet season, consistent with elevated
photosynthetic activity. Studies indicate that sun leaves
are able to absorb only 10% of the incident radiation,
with the remainder considered excess and removed by
carotenoids to prevent damage to the photosynthetic
apparatus (Demmig-Adams and Adams, 1996).

The increase of Chl b, the decline of Chl a/b and
xantophyll + carotenoids during the dry season could be
understood as a decrease in the antenna of photosystems
and accessory pigments to light-harvesting apparatus,
resulting in low transference of energy to the reaction
centers (Streit et al., 2005; Walters, 2005) compatible to
lessening in photosynthetic activity. The ratio between
the concentrations of Chl a/b is an indicator for the
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functionality of pigments and adaptation/ acclimatization
of the photosynthetic apparatus (Gongalves et al., 2001),
suggesting that reduction in air temperature during the
winter impairs photosynthetic activity by constraining
the pigment production and functionality. However,
more studies should be done to make it clearer.

The decrease of chlorophyll a/
xanthophyll+carotenoid in the wet season highlighted
this ratio as an important descriptor of photooxidative
damage and relevance of carotenoids as a light filter
(Hendry and Price, 1993). Similar result was obtained
by Gongalves et al. (2001) with mahogany and tonka
bean at Amazon forest. Freitas (2012) demonstrated
that irradiance level is considerably higher in the wet
season compared to dry season in montane forest
site. Therefore, to avoid photoinhibition caused by the
excessive light incidence and a fall in photosynthesis rates
(Barber and Andersson, 1992; Krause and Weis, 1991),
some species may present increased photosynthetic
assimilation (Lichtenthaler and Burkart, 1999) and higher
contents of carotenoids (Demmig-Adams et al., 1989).

The sampled plants showed low SLA average
(28.5 cm*g') when compared to other studies realized
in Atlantic lowland forest with an approximate average
of 70.0 cm?.g"' (Boeger and Wisniewski, 2003), probably
due to reduction of temperatures and high irradiances,
typical in Montane dense rain forest (Rosado et al., 2015).
The lower SLA values are common in dry habitats, where
leaf construction costs are normally higher (Boeger and
Wisniewski, 2003; Westoby et al., 2002; Wright et al.,
2002). The leaf area in tropical forests is negatively
related to latitude, altitude and positively to temperature
(Boeger and Wisniewski, 2003).

Rosado et al. (2015) verified low specific leaf area
and leaf water content at montane forest and suggested
the importance of fog events to natural functionality of
the ecosystem and reinforced the vulnerability to climate
change (Eller et al., 2013; Ponce-Reyes et al., 2012).
According to Freitas (2012), the net ecosystem exchange
evaluated by “eddy covariance” flux tower demonstrated
that fog events influenced the seasonal signal, as it is
usually decrease during dry season.

Rosado et al. (2015) found that in Montane Atlantic
forest, leaves invest more in density than in thickness when
compared to lower altitudes. This suggest that species in
montane rainforest have more water tolerance and leaf
longevity (Bruijnzeel and Veneklaas, 1998), probably due
to an increase in fiber and sclereids that promote tissues
durability (Ryser, 1996; Witkowski and Lamont, 1991).
In conditions of absence of fog and high irradiance, the
parenchyma can act as sunscreen to reflect excess uptake,
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similar function performed by carotenoid pigments and
xanthophylls (Lee et al., 1990), and this is a plausible
explanation for the negative correlation between SLA and
carotenoid pigments and xanthophylls.

A greater N/Leaf Area value for wet season is
due to the higher content of chlorophyll in this season.
Primary light-harvesting molecules comprises 6.5% (by
weight) of nitrogen and protein ribulose- 1,5 bisphosphate
carboxylase-oxygenase (Rubisco) allocate 30-50% of
green leaf N (Wicklein et al., 2012). Approximately 70%
of leaf nitrogen is invested in compounds that support
carbon fixation (Evans, 1989). There are a wide range of
studies with different species and places associating leaf
N status with net photosynthetic capacity (Amax) (Evans,
1989; Reich et al., 1992, 1997, 1999; Wright et al., 2004,
Wicklein et al., 2012). Based on that, Hollinger et al.
(2010) hypothesized that leaf N concentration (Nmass)
and canopy albedo covariate between N-containing
photosynthetic enzymes and internal leaf structures
necessary to support different rates of photosynthesis.

The comparison between species demonstrated
a great variation in pigments content and photosynthesis
potential, as each species has its own characteristics
and are controlled by endogenous (nutrition demand,
hormones) and exogenous (light, CO,, temperature
and water tension) factors (Marenco and Lopes, 2007).
Distinction of species between seasons were observed
mainly for SLA, Chl a/b ratio, xanthophylls + carotenoids
and N/Area, traits related to attenuation of excessive
light to photosynthesis apparatus.

The photosynthetically active radiation (PAR)
is almost completely absorbed, while a small fraction
is reflected back into the atmosphere and this albedo
is especially driven by the intrinsic characteristics of
the plant and the surface. This variation of albedo PAR
between seasons may result from solar incidence, rainfall
rates, availability of nutrients and temperature (Culf
et al., 1995; Ollinger et al., 2010). In the summer, the
environmental conditions are better for growth, including
the higher soil moisture and temperature. In contrast,
during the dry season, the air temperatures lower, as
well as the irradiance and could cause plant physiological
and structural changes, like lower metabolic rate, leaf
nitrogen and pigments content (Lichtenthaler et al., 2007;
Ponzoni and Disperati, 1995). Those leaf changes could
have a negative relationship to photosynthetic process,
decreasing the ETR ratio and, consequently, causing an
increase in the albedo PAR rates.

Ollinger (2011) assumed that albedo could vary
in accordance to internal leaf structures, tree crowns
and whole plant canopies. In addition, the variation in
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reflectance at both leaf and canopy levels is mostly in
the NIR region since there are few compounds that
absorb this radiation (Gates et al., 1965; Ollinger, 201 1).
Considering the leaf, reflectance in the visible part of
the spectrum (400-700 nm) is mainly guided by the
photosynthetic pigments, near infrared radiation (NIR:
700-1,350 nm) by leaf structure and water is increasingly
important with wavelength in the mid-infrared (Mid IR,
1,350-2,500 nm) (Gates et al., 1965; Slaton et al., 2001).
At the stem and canopy level, scattering or photons
absorption is influenced by structural traits such as shoot
architecture, leaf angle distribution, and crown geometry
(Ollinger, 2011; Wicklein et al., 2012). In addition, the
variation of the solar albedo (RFA + NIR) can be
related to the complexity of the mesophyll. According
to Ollinger et al. (2010) and Hollinger et al. (2009), a
thicker mesophyll supports large intercellular spaces and,
if structural changes that occur within or between leaves
covariate with foliar N, they could explain the nature
of the canopy-level N-albedo relationship, especially
infrared radiation (NIR), and culminate in higher rates of
solar albedo.

Indications of long leaf longevity at the Montane
site are supported by the fact that, despite the higher
aboveground biomass (Alves et al., 2010), litter
production is lower and not associated with a particular
season at the Montane site (Marchiori et al., 2016,
Wittich et al., 2010) which, therefore, may be associated
with lower rates of leaf death. The litter production in
the study area shows no influence of seasonality.

CONCLUSIONS

We conclude that the lower electron transport
rate and higher values of Albedo PAR during the dry
season in the Montane Ombrophilous Dense Forest were
probably due the lower air temperatures and radiation,
which impaired plant metabolic activity resulting in lower
leaf photosynthetic pigment content and photosynthetic
capacity. Key results indicate that low temperature and
high light decrease ETR, carotenoids and xanthophylls
and Chl a/b ratio, but increase Chl b concentration in the
winter/dry season compared with summer. The variation
in these physiological leaf traits has been explained with
changing irradiance (albedo) and air temperature.
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