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Abstract

Canopy cover has significant effects on the understory environment, including upon light availability for seedling
growth. The aim of the present study was to verify spatial heterogeneity and seasonal changes in the canopy cover of
a dense Cerrado area, and their relationship to understory photosynthetic active radiation availability. Leaf area index
(LAI) values in the rainy season varied from 0.9 to 4.83, with 40% of the values ranging from 4.0 to 5.0, while in the
dry season LAI varied from 0.74 to 3.3, with 53% of the values oscilating from 2.0 to 3.0. Understory light (Q, ) and
the Lambert-Beer ratio (Q/Q,) were taken around noon on sunny days (between 11:00 AM and 1:00 PM). They were
also statistically different (p < 0.01) between the dry and wet seasons, with 72% of sampled points in the rainy season
presenting photosynthetic photon flux density (PPFD) values lower than 250 umol.m™/s around noon, whereas in the
dry season, most PPFD values varied from 1500 to 1817 umol.m=/s, thus providing high light availability for understory
plants. In most of the studied sites, understory plants did not even receive enough light for 50% of their photosynthetic
capacity in the wet season. In contrast during the dry season, Q/Q, values of 0.8 to 1.0 were observed in more than 50%
of the points, thereby allowing for photosynthetic light saturation. Thus, light variability around noon was higher during
the dry season than in the wet season, its heterogeneity being related to spatial complexity in the canopy cover.

Keywords: leaf area index, Lambert-Beer ratio, photosynthesis, seedling growth, tropical savanna.

Variabilidade espacial e temporal da cobertura do dossel e da luz no
sub-bosque em uma area de Cerrado no Sudeste do Brasil

Resumo

A cobertura do dossel tem efeitos significativos no ambiente do sub-bosque incluindo a disponibilidade de luz para
o crescimento das plantulas. O objetivo do presente estudo foi verificar a heterogeneidade espacial e as mudangas
sazonais da cobertura do dossel em uma area de Cerrado denso e sua relacdo com a radiagdo fotossintetica ativa di-
ponivel no sub-bosque. Os valores do indice de drea foliar (IAF) na estacdo chuvosa variaram de 0,9 a 4,83 com 40%
dos valores dentro de 4,0 a 5,0, enquanto na estacio seca o IAF variou de 0,74 a 3,3 com 53% dos valores dentro de
2,0 a 3,0. A luz abaixo do dossel (Qi) e razdo de Lambert—Beer (Qi/Qo) foi obtida entre as 11:00 e 13:00 horas em
dias ensolarados. Os valores também foram estatisticamente diferentes (p < 0.01) entre a estag@o seca e a chuvosa,
com 72% dos pontos amostrados na estagdo chuvosa apresentando valores de densidade de fluxo de fotons fotossin-
teticamente ativos (DFFA) menores de 250 pmol.m=/s por volta do meio dia, enquanto na estagéo seca a maioria dos
valores de DFFA variou entre 1500 a 1817 umol.m/s propiciando alta disponibilidade de luz para o sub-bosque. Na
maior parte dos pontos amostrados, as plantas de sub-bosque nio receberam quantidade de luz suficiente para 50%
de sua capacidade fotossintetica na estacdo chuvosa. Em contraste durante a estacdo seca foram observados valores
de of Qi/Qo de 0.8 a 1.0 em mais de 50% dos pontos amostrados, permitindo a saturagcdo de luz da fotossintese. A
variabilidade de luz por volta do meio dia no sub-bosque foi maior durante a estacdo seca do que na estacao chuvosa,
e a heterogeneidade foi relacionada com a complexidade espacial da cobertura do dossel.

Palavras-chave: indice de drea foliar, razio Lambert-beer, fotossintese, crescimento de plantulas, savana tropical.

Braz. J. Biol., 2010, vol. 70, no. 1, p. 19-24



20

Lemos-Filho, JP. et al.

1. Introduction

Leaf area index (LAI), defined as the ratio of total
leaf area per unit of ground cover, is considered as an
important parameter in climatic and ecosystem models
(White et al., 2000). Because of its important influence in
the exchange of energy, water-vapour and carbon dioxide
between terrestrial ecosystems and the atmosphere, most
of the models that simulate carbon and hydrologic cycles
require LAI as an input variable (Gower et al., 1999).

LAI is also related to understory light availability,
since the penetration of direct beam radiation through
the canopy is influenced by several characteristics, par-
ticularly the height and cover of overstory plants. The
position, angle, and spatial relationships of canopy ele-
ments affect the passage of solar radiation through the
canopy (Gower et al., 1999). Physical damage to leaves
and branches, herbivory or disease, diurnal and seasonal
changes in the sun’s angle and plant phenology, all result
in canopy heterogeneity (Wirth et al., 2001). These can-
opy changes have a significant impact on the understory
environment, due to their effect on the microclimate
(e.g. light, soil and leaf temperature and soil evapora-
tion), which also varies within different canopy patches
(Martens et al., 2000).

The Brazilian Cerrado is a floristic province that
presents diverse physiognomic forms, varying from
closed forest-like arrangements, through arboreal wood-
lands, tree and scrub woodlands, and closed or open-
scrub savannas to pure grasslands (Eiten, 1972). The
vegetation is composed of evergreen and deciduous
woody plants and grasses with relatively shallow roots,
growing in oligotrophic soils and subject to frequent fires
(Bucci et al., 2005). The climate is similar to many of the
wetter savanna regions of the world, with a very rigor-
ous dry season during the southern winter. The average
annual rainfall is 800-2000 mm, with an average annual
temperature between 18 and 28 °C (Ratter et al., 1997;
2006).

In spite of the importance of the leaf area index (LAI)
as a determinant factor in ecological and biophysical
processes in terrestrial ecosystems, there are few stud-
ies with LAI in savanna areas world-wide, especially in
the Neotropics. In the West African humid savanna, Le
Roux and Mordelet (1995) showed that seasonal varia-
tion of the canopy CO, assimilation rate is dependent on
LAI variation. O"Grady et al. (2000) described seasonal
variation in overstory LAI due to the greater contribution
of deciduous and semi-deciduous species of Eucalypt
in the Australian open-forest savanna. In the Brazilian
Cerrado, Miranda et al. (1997) also described seasonal
changes in LAI and pointed out a reduction of about
35% in ecosystem photosynthetic rates simply due to the
lower LAI in the dry season. In a recent study, Bucci et
al (2008) showed that transpiration increases with LAI
in all Cerrado studied physiognomies in both the dry and
wet seasons. Also recently, Silva et al. (2008) observed
that the differential LAI values of wood species and grass

in a transect between a gallery forest and Cerrado were
highly correlated with 8"3C values of the soil organic car-
bon. They showed an increase of 8"*C with the increase
of grass LAI values and a decrease with the increase of
LAI from woody species. Considering the importance of
LAI to understanding several ecological processes, we
reported herein our studies concerning seasonal changes
of LAI in a dense Cerrado. We also presented the rela-
tionships between canopy heterogeneity and understory
light. In addition, these results were interpreted in rela-
tion to available light for seedling growth, considering
the photosynthetic light curve responses of Cerrado spe-
cies.

2. Materials and Methods

This study was carried out in the Serra do Cipd
National Park (19°12°-19° 30’ S and 43° 28°-43° 40’ W),
Minas Gerais State, Brazil. Several savanna physiogno-
mies are to be found in this protected area, including the
Cerrado senso stricto. The climate is highly seasonal,
with a mean annual rainfall of 1600 mm. Beginning in
May, there are five months of drought with a mean total
rainfall lower than 40 mm. The wet season starts at the
end of September (Marques et al., 2000).

The study site is located in an area with quartizitic
dystrophic soil, and presents a predominance of char-
acteristic Cerrado trees, which reach a height of from
3 to 5 m, and include such species as Stryphnodendron
adstringens, Qualea grandiflora, Q. parviflora,
Plathymenia reticulata, and Hymenea Stygonocarpa.
A diversified poaceae stratum predominates at ground
level, with the occurrence of spaced-scrubs.

Measurements of the leaf area index (LAI) and pho-
tosynthetic photon flux density (PPFD) were taken at
the end of both the dry season (September 2001) and
the rainy season (April 2002), on a grid of four 30 m
parallel transects (120 m long), oriented to an azimutal
angle of 120°. Eight 15 m-spaced points were located in
each transect, where LAI and PPFD measurements were
taken, altogether a total sampled area of 14,400 m2 The
distance from the nearest individual tree in each quad-
rant at each sampling point and the girth at breast-height
(GBH) were registered by using the point-centered quar-
ter method. For this procedure, only trees with a GBH of
more than 0.10 m were considered.

LAI was estimated with a LAI-2000 Plant Canopy
Analyser (Li-Cor, USA). This optical instrument, as de-
scribed by Welles and Norman (1991), measures the can-
opy gap or fraction of sky over a range of zenith angles,
thus providing indirect LAI values through the proportion
of open-sky visible above the sample. By using multiple
understory measurements, gap fractions are converted into
LAIL Measurements were taken during early morning pe-
riods. For each of the 32 located points, the mean value
was obtained from one full light measurement in clear-
ings, immediately followed by that of six below-tree cano-
pies (above the herbaceous layer), together with the sam-
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pling of all quadrants with overlaps, by using a 90° lens
cap (270° occluded). Collected data corresponded to the
vegetation area index (VAI), which is the projected area
of all canopy components including woody parts (stem
area index SAI). However, considering that in fully leaved
canopies, VAl is very close to LAI (Dufréne and Bréda,
1995), we hereafter used LAI instead of VAL

Light measurements in an open environment and
below tree/scrub canopy at each point were performed
with a leveled LI-190SB (Li-Cor, USA) quantum sensor
installed above the herbaceous layer (~1.2 m) in order
to determine the Beer-Lambert ratio Q,/Q_ where Q, is
sub-canopy diffuse and beam radiation and Q_ is above-
canopy radiation. Instantaneous measurements of photo-
synthetic photon flux density (PPFD) were taken around
noon on sunny days (between 11:00 AM and 1:00 PM)
(Gendron et al., 1998), in order to avoid excessive vari-
ation in the sun’s angle. Sub- and above-canopy meas-
urements were taken within short time intervals (0.5 to
2 minutes) at each point. The Wilcoxon-paired-sample
test was applied to assess seasonal differences while the
Spearman correlation coefficient was used to test for re-
lationships between the studied variables.

3. Results

For the Cerrado area studied, the distance from
the nearest individual tree recorded by using the point-

centred quarter method, varied from 1.25 to 4.43 m
(an average of 3.20 = 0.79 m) and the girth at breast-
height (GBH) between 0.23 and 0.77 m (an average of
0.43 £ 0.13 m), with a density of 1243 plant ha™' and
basal area of 18.2 m*ha™.

The values of visible sky fraction (VSF) and leaf area
index (LAI) were statistically different between dry and wet
season measurements (Table 1). High canopy cover hetero-
geneity between sampled points was observed in both sea-
sons. In the dry season, VSF values varied from 6.9 to 53%
and in the wet season from 2.3 to 46%. This high canopy
heterogeneity was also observed in relation to LAI values,
which varied from 0.74 to 3.30 in the dry season and 0.91
to 4.83 in the wet season. However in 53% of the points
sampled during the dry season, LAI values varied from 2.0
to 3.0, whereas in the wet season, 40% of LAI values were
observed to oscillate from 4.0 to 5.0 (Figure 1).

PPFD measured under trees and scrubs (Q,) was
also statistically different (p < 0.01) between the dry
and wet seasons (Table 1), this varying from 31 to
1817 pmol.m */s within sampled points in September
(end of the dry season), and from 10 to 1662 umol.m™%/s
in April (end of the wet season). The average of Qi values
registered in April corresponds to 30% of the mean Q,
observed in September. However, lower understory light
heterogeneity was found during the wet season, since
72% of the sampled points presented Q; values lower

Table 1. Seasonal changes in visible sky fraction (VSF), leaf area index (LAI), under-canopy PPFD (Q)), the Beer- Lambert
ratio (Q/Q,) and the results of the Wilcoxon test, for 32 sampled points in a Cerrado patch in the dry and wet seasons. Data

expressed as mean =+ standard deviation.

Variable Dry season Wet season Z P
VSF 0.229 +0.127 0.120+0.111 2.936 0.003
LAI 2.06 +0.70 3.28+1.13 3.833 0.001
Q. (umol.m¥s) 1051 + 680 316 +453 4.488 0.000
. (U
Q/Q, 0.679 +0.321 0.191 +0.277 4918 0.000
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Figure 1. Frequency distribution of the canopy leaf area in-
dex (LAI) (trees plus scrubs) of a Cerrado area in dry (solid
bars) and wet (open bars) seasons.
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Figure 2. Frequency distribution of under-canopy PPFD
(Qi) of a Cerrado area in dry (solid bars) and wet (open bars)
seasons.
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Figure 3. Frequency distribution of the under-canopy
Lambert-Beer ratio (Qi/Qo) of a Cerrado area in dry (solid
bars) and wet (open bars) seasons.

Table 2. Spearman correlation coefficients between the
variables, visible sky fraction (VSF), leaf area index (LAI),
under-canopy photosynthetic active radiation (Q,) and the
Beer Lambert ratio (Q/Q,), recorded in the dry season, in
relation to the same variables measured in the wet season,
in a Cerrado patch. Correlations in bold type are statistically
significant at P < 0.05. Underlined correlations are signifi-
cant at P < 0.01.

Wet season
Variable VSF  LAI Q  Q/Q,
VSE  —0.0961 -0.0278 0.4202 0.4239
Dry [ AI 01063 —0.0094 -0.3916 —0.3933
season
Qi -0.1511 -0.2970 0.6294 0.6312
Q/Q. -0.1433 —0.0337 0.6275 0.6298

than 250 umol.m™?/s (Figure 2). In the dry season, 40%
of Q, values varied from 1500 to 1817 pumol.m™/s, thus
propitiating high light availability for understory plants.
As aresult of increased canopy cover, Beer-Lambert ra-
tio (Q/Q,) values significantly decreased from the dry to
the wet seasons (Table 1), with 24 in 32 sampled points
revealing values lower than 20% of total above-canopy
light in the wet season, as against 17 in 32 sampled
points showing Q/Q_ values between 0.8 and 1.0 in the
dry season (Figure 3). Despite these seasonal changes
in canopy-cover, no significant relationship between all
those variables measured during the dry season with VSF
and LAI values observed in the wet season was found,
although significant weak Spearman correlations VSF
and LAl in the dry season with bellow canopy PPFD (Q,)
and Q/Q,_ were registered in the wet season. As expected,
a somewhat better correlation existed between Q, aryy X
Qi(wa) and Qi/Qo( iy X Qi/Qu(wm (Table 2). These data sug-
gest that the increase in LAI and decrease in VSF values
during the wet season do not present any relationship
with those observed in the dry season. However, Q, and
Q/Q, measured during the wet season were related to

both light and canopy characteristics observed in the dry
season.

4. Discussion

Leaf area index (LAI) values observed during both
the dry (2.06 = 0.70) and wet (3.28 £ 1.13) seasons
were, as expected, lower than those obtained for most
tropical forests, with averages of roughly 6.2 (SD = 1.5)
(Wirt et al., 2001). However, mean LAI values obtained
herein were higher than those from data described for
other tropical savanna areas. For a Eucalypt savanna in
Australia, Hutley (2000) stated that LAI values were
typically 1.0 in the wet season and 0.65 in the dry. Even
for a Cerrado in central Brazil, Miranda et al. (1997) ob-
tained LAI values of 1.0 in the wet and 0.4 in the dry
seasons, when considering only a mixture of leaves from
shrubs, trees and grass. Values recorded in the Serra do
Cip6 National Park are may be a little high, because in-
directly estimated LAI based on gap-fraction analysis
included the projected stem and branch area. However,
the obtained LAI values were not so different from the
values described by Asner (1998) for 30 common spe-
cies of Cerrado, these ranging from 3.1 to 5.9. Even
when subtracting the highest stem area index (SAI) value
of 0.7 for Cerrado trees (Asner, 1998), obtained values
remained higher than those described by Miranda et al.
(1997). In another study in five Cerrado sites, Hoffmann
et al. (2005) found that LAI values ranged from 2.48 in
the “cerraddo” to 0.28 in the “campo sujo”. They also
estimated that the stem area index (SAI) corresponded to
13.9% of the vegetation area index (VAI). On consider-
ing these SAI values, the new re-calculated LAI mean
value of 2.83 for the wet season in the present study is
close to that described for denser Cerrado vegetation.

VSF and LAI canopy structural parameters present-
ed no relationship between wet and dry seasons. This
could be interpreted as a result of differential species
phenological behaviour, plus architectural complexity of
Cerrado vegetation (expressed as wood/leaf ratio). This
complexity results in high canopy cover spatial vari-
ability between the dry and wet seasons. In a study on
canopy structure in a tropical forest on Barro Colorado
Island, Panama, Wirth et al. (2001) also observed high
temporal variability in LAI values. They concluded that
canopy-level means for structural parameters may not be
sufficient to adequately describe functional changes in
canopy structure, since areas of sampled plots did not
present changes in LAI due to the presence of evergreen
trees, whereas other plots presented appreciable changes
because of deciduous trees.

As expected for more open environments, Q/Q, val-
ues obtained for the Serra do Cip6 Cerrado were higher
in relation to wet forests, mainly during the dry season.
An examination of Q/Q, frequency distribution in vari-
ous Costa Rican wet forests (Nicotra et al., 1999) showed
that in old-growth stands, 33-50% of the micro-sites
received <1% of full sunlight compared to 11-36% of
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those in secondary growth stands. In a tropical deciduous
forest in Mexico, Maass et al. (1995) observed a mini-
mum Q/Q_ during the wet season of approximately 0.05,
whereas during the dry season Q/Q_ values were higher
than 0.2. In the present study, 50% of the sampled points
presented Q/Q, values lower than 0.05 in the wet sea-
son, while more than 50% of the micro-sites presented
Q/Q, values higher than 0.8 during the dry season. Local
changes in light variables (Q, and Q/Q ) were statisti-
cally correlated between the dry and wet seasons, as well
as in relation to the canopy cover variables, VSF and LAI
in the dry season alone. These relationships suggest that,
in spite of high canopy spatial heterogeneity, relative
spatial stability of PPFD and Q/Q,_ occurs during both
the dry and wet seasons, implying that on a small scale,
brighter understory sites present higher levels of light
during both the dry, as well as the wet, season.

Studies on tropical forests demonstrated that light
conditions on the forest floor play an important role in
the growth and survival of seedlings (Montgomery and
Chazdon, 2002), species diversity (Schnitzer and Carson,
2001) and on seedling abundance and distribution
(Nicotra et al., 1999). In situ studies on seedling growth
and survival in Cerrado species are scarce. According
to Franco (2005), although Cerrado woody species al-
locate a large proportion of their biomass to the roots
during the initial growth period, water-stress during the
dry season may have a major impact on seedling growth
and during the wet season, canopy shading may be an
important factor in photosynthesis. Nardoto et al. (1998)
showed that the development of Kielmeyera coriacea
seedlings was restricted by water-stress during the dry
season, while during the wet season canopy shading po-
tentially limited plant productivity. Similar results were
obtained for Dalbergia miscolobium seedlings by Braz
et al. (2000). However, Kanegae et al. (2000) concluded
that seasonal drought was not an important mortality
factor for Bowdichia virgilioides. Nevertheless, canopy
shading, by reducing the photosynthetic photon flux den-
sity available to the understory, may be a major limiting
factor in seedling growth.

It was observed that 72% of points sampled in
the wet season presented PPFD values lower than
250 pmol.m™/s. By contrast, in the dry season, most Q,
values varied from 1500 to 1817 pumol.m™%/s, thereby
propitiating high light availability in the understory.
According to Prado and Moraes (1997), Cerrado woody
species normally reach 90% of maximum CO, assimi-
lation rates (A_,), when PPFD values attain from 600
to 1200 umol.m™%/s. On considering these values and in
most of the points sampled during the wet season, un-
derstory plants would not receive enough light for even
50% of their photosynthetic capacity around noon time.
On the other hand, during the dry season, more than 50%
of sampled points showed Q/Q_ values of 0.8 to 1.0, thus
permitting light saturation for CO, uptake. However, this
apparent advantage may be relative, since, as pointed out
by Franco (2005), during the dry season, water-stress
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may have a major impact on seedling growth and many
seedlings may be leafless or partially defoliated.

Variability in understory light was higher during the
dry than the wet season, this heterogeneity being related
to canopy cover spatial complexity. Seasonal changes
in canopies resulted in significant alteration in the light
available for seedling growth. Nevertheless, the signifi-
cance of this spatial and temporal environmental vari-
ability for seedling establishment and growth remains to
be determined in order to explain the highly diversified
flora of the Cerrado biome.
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