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Abstract - (Effects of sun and shade on leaf structure and sclerophylly of Sebastiania myrtilloides (Euphorbiaceae) from Serra do
Cip6, Minas Gerais, Brazil). The relationships among several attributes of the leaves of Sebastiania myrtilloides were studied: leaf
sclerophylly, area, mass, volume, density, thickness, and anatomy in plants under natural conditions in a sun-exposed cerrado
environment and in a shaded understorey riparian forest in Serra do Cip6, Brazil. The area, mass, density and thickness of the
leaves varied significantly between sunny and shady habitats. Variations in leaf sclerophylly were influenced by leaf mass and
density. Sun exposed leaves were denser and thicker due to both an increase in the length of adaxial epidermis, and the palisade
and spongy parenchyma cells. S. myrtilloides presented an increase of 64% in stomatal density in the sunny habitat. The species
showed an increase of 57% and 46% in trichome density under light conditions on the adaxial and abaxial epidermis, respectively.
S. myrtilloides showed significant leaf structure plasticity, which reflected on its capability to explore both cerrado and riparian
forest environments.

Resumo - (Efeitos do sol e da sombra na estrutura foliar e esclerofilia de Sebastiania myrtilloides (Euphorbiaceae) da Serra do Cip9,
Minas Gerais, Brasil). As relacdes entre varios atributos foliares de Sebastiania myrtilloides foram estudados: esclerofilia, area, massa,
densidade, espessura foliar e anatomia foliar de plantas em condig¢oes naturais sob completa exposi¢do solar (cerrado) e sob
sombreamento (mata ripdria) na Serra do Cipé. A drea, massa, densidade e espessura foliar variaram significativamente entre os
habitats ensolarado e sombreado. As variagoes na esclerofilia, expressada em massa foliar especifica (MFE), foram influenciadas
pela massa e densidade foliar. As folhas expostas a Iuz solar mostraram-se mais densas e espessas devido a0 aumento na espessura
da epiderme adaxial e dos parénquimas pali¢ddico e esponjoso. S. myrtilloides apresentou um aumento de 64% na densidade de
estdmatos no habitat ensolarado e um aumento de 57% e 46% na densidade de tricomas sob condicdes de luz na epiderme
abaxial e adaxial, respectivamente. A espécie mostrou uma significativa plasticidade estrutural na folha, que é refletida na sua
capacidade de explorar tanto ambientes de cerrado como de mata. '
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Introduction

Leaf plasticity may be adaptative as it can provide
additional mechanisms to adapt to different environments
(Grime et al. 1986). Leaves of many plant species are known
for their large growth plasticity. They vary in morphology,
anatomy, as well as in physiology (Witkowski & Lamont
1991, Sims & Pearcy 1992, Rocas et al. 1997). Under high
irradiance and low soil moisture availability, plants
produce thicker and sclerophyllous leaves which have
shorter aerial spaces (Witkowski & Lamont 1991,
Thompsom et al. 1992). In sunny and arid habitats water
availability limits plant growth. Leaf thickening through
the addition of more layers of cells increase net carbon

gain without increasing the cost of transpiration (Turner
1994). Otherwise, in low irradiance and high moisture
and nutrients availability, plants present thinner leaf
blades and large leaf area (Witkowski & Lamont 1991).
Sclerophylly may have several advantages under a wide
range of environmental conditions (Turner 1994).
Sclerophylly is a character which has been associated with
plants growing in arid habitats with high irradiance as
Mediterranean ecosystems and savannas (e.g., Crawford
1989). The cerrado vegetation of Brazil is known for its
generally large incident radiation (Eiten 1972, Oliveira-
Filho & Ratter 1995) and by a lack of available water, at least
during the dry season when much of the ground layer
appears desiccated (Lopes & Cox 1977). Nevertheless, the
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cerrado is composed of a mosaic of neighboring habitats
where light penetration is reduced due to the size and
architectural complexity of the vegetation. A common
feature of the cerrado is the presence of narrow riparian
forests along river, washes, and creeks (Meguro et al. 1996).
In these riparian forests, light intensity is lower on shrub
and herb strata and water and nutrients availability is
higher. These features facilitate the study of leaf
sclerophylly under different environmental conditions in
habitats separated by a few meters.

The aim of the present work was to determine the
variations in sclerophylly and structure in leaves of
Sebastiania myrtilloides, a species widely distributed in sunny
and shady habitats in Serra do Cipé. Several leaf attributes
were studied concomitantly with sclerophylly: area, mass,
volume, density, thickness, and anatomy, in an attempt to
evaluate their relationships with habitat type.

Materials and Methods

The study was performed in Serra do Cipé National
Park, MG, southeastern Brazil in the southern end of the
Espinhago Mountains (19°20’S, 43° 44’W) at 800 m of
altitude above sea level in October 1996. The species
studied, Sebastiania myrtilloides (Mart.) Pax (Euphorbia-
ceae) was selected by its abundance in the area. This
species is frequently found in open and sunny cerrado, as
well as in the shaded understorey of riparian forest, hence
providing a natural experiment in which sun and shade
adaptations can be studied at adjacent sites.

Habitats studied were selected by their distinctiveness
in edaphic and climate characteristics (Table 1). The two
habitats presented large differences in light intensity.
They were categorized by photosynthetic photon flux
density (PPFD) as: a) sunny habitat (integrated PPFD of
70pmol m? day'), and b) shady habitat (integrated PPFD
of 6.8pmol m? day'). All climatic data were obtained
between 7 am and 5 pm with 30 minutes of intervals.
Relative humidity (%) and vapor pressure deficit (Kpa)
of the air were estimated by temperature (°C) obtained by
dry and wet bulb thermometeres of a psychrometer
(ICOTERM). Light intensity was measured with quantum

sensors (LI-189) at ten points randomly selected in each
habitat.

Soil fertility was evaluated at two depths (10 and 20cm).
Soil water content (SWC) was estimated by the percentage
of soil moisture of six soil samples of 20cm?® at each depth
by habitat. The percentage of soil moisture was calculated
through the difference between fresh and dry soil. The
dry soil was obtained by uniform drying at 70-80°C for 72
h. The amount of soil organic matter (SOM) was
determined after the incineration of three soil samples
at 500 °C for two hours, where the percentage of SOM
represents the difference between the weights. The pH
was determined by the Raij and Quaggio (1983) method.

In each habitat, five random samples of mature leaves
(5" node under shoot apex) of ten plants were taken.
Leaves were oven-dried at 70°C for a week to obtain leaf
mass (mg) and leaf area (mm?). Leaf area was obtained
with an area meter (model MK2, Delta T Devices). Leaf
specific mass (LSM), the most widely used index of
sclerophylly, was calculated based on leaf mass and area,
while leaf density (pg.mm?®) was calculated by dividing
LSM (pg.mm?) by leaf thickness (Witkowski & Lamont
1991). In order to avoid major leaf veins, leaf thickness
(pm) was obtained from fresh leaves and measured midway
between the margin and the midrib at the widest part of
the leaf. The measures were done under a microscope
with a micrometer eyepiece.

Some leaves were fixed in alcohol 70% and then
transferred to Jeffrey’s solution (Johansen 1940) for
epidermis dissociation, stomatal counting, and
measurements of trichome density. Ten fields of view of
known area (1mm?®) were examined per leafand the mean
counting converted to stomata and trichome density.
Mesophyll comparisons were done by leaf transverse
sections in paraffin. Cross sections 10mm thick were
prepared with a microtome, and the cuts were stained
with Astra-Blue and Fuchsin (see Roeser 1962). Leaf
anatomical features were also quantified under a
microscope with a micrometer eyepiece. Cell counting
(cells.mm?) was done for palisade and spongy parenchyma
on ten different sections from each species in both sunny
and shady sites.

Table 1. Soil and climate characteristics of sunny and shady habitats in the Serra do Cip6, Brazil. Means + SE.

Traits

Cerrado (Sun)

Riparian Forest (Shade)

Soil (10 - 20cm)
Organic Matter (%)
Soil Relative Water (%)

Environment (min - max)

Air Relative Humidity (%) 37 - 65
Vapor Pressure Deficit (KPa) 2.06 - 4.25
Air Temperature (°C) 18.0 - 31.5

Integrated 11-HR PPFD 70.0
(mol.m?.day")

1.07 + 0.001 - 0.81 + 0.001
3.00 + 0.38 - 3.00 + 0.57
pH 4.99 + 0.01 - 4.95 + 0.04

1.31 £ 0.03 - 1.13 + 0.01
3.96 + 0.09 - 4.35 + 0.53
4.81 + 0.01 - 5.03 + 0.03

43 - 73
1.94 - 2,99
17.0 - 24.0
6.8
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Pearson linear correlations were used to analysis the
relationship between LSM and the leaf attributes. The
Student t test was applied to compare all the leaf traits
under the two distinct environments as the data were
normally distributed (Zar 1984).

Results

Sebastiania myrtilloides showed consistent differences in
leaf area, mass, LSM, density, and thickness between the
sunny and shady habitats (Table 2). The leaf area of plants
in the shady habitat was 217% greater than leaf area of
plants in the sunny habitat. The dry mass of leaves of S.
myrtilloides in the shady habitat was 118% greater than of
leaves in the sunny habitat. Leaves of plants in the sunny
habitat had higher LSM and density, and were thicker
when compared to leaves of plants in the shady habitat
(Table 2). Leaf specific mass (LSM) was highly correlated
with leaf dry mass and leaf density in both habitats (Table
3). However, LSM did not correlate with leaf area.
Nevertheless correlated significantly with thickness in
leaves of shady habitat (r = 0.289).

The differences in LSM were influenced by changes in
the thickness of the cuticle, adaxial epidermis, palisade,
and spongy parenchyma. All measured anatomical
parameters differed between sunny and shady habitats
(Figure 1). Leaves of S. myrtilloides plants in the sunny
habitat were 22% thicker than leaves of plants in the shade.
This increase was influenced by the thickness of the
palisade and spongy parenchyma. Palisade parenchyma
was 19% thicker, because of increased cell length while
the spongy parenchyma was 24% because of increased
number of cells in leaves in the sunny habitat. Leaves in
the sunny habitat showed cuticle and adaxial epidermis

Table 2. Leaf traits (X + SE) of Sebastiania myrtilloides (Euphor-
biaceae) in sunny and shady habitats. LSM denotes leaf specific
mass. (L Test ,* = P < 0.05, ™ = not statiscally significant).

Leafl Traits Sebastiania myrtilloides

thicker compared to leaves in the shady habitat (Table 4).
Spongy parenchyma of leaves in the sunny habitat had
more cells per unit leaf area (18%) than leaves in the
shady habitat.

The species is hypostomata in both shady and sunny
habitats. The number of stomata per leaf area in plants in
the shady habitat was significantly lower than those in the
sunny habitat (Table 4, Figure 2). Trichome density of
leaves in the sunny habitat was significantly higher than
on leaves of shady habitat (Table 4, Figure 2).
Nevertheless, the adaxial leaf epidermis had lower
trichome density than the abaxial leaf epidermis.

Discussion

Sclerophylly is readily recognizable, although not
precisely definable, on their mechanical properties and
anatomy (Turner 1994). Sebastiania myrtilloides had larger
leaf thickness, density, and LSM in sunlight-exposed
habitat of the cerrado, where moisture and nutrient
availability were lower. These results agree with several
experimental studies (e.g., Boardman 1977, Sims & Pearcy
1992, Witkowski & Lamont 1991). Plants in the understorey
of the riparian forest had thinner leaves resulting in
greater area but smaller density and LSM, as reported by
Corre (1983).

No significant relationship between leaf LSM and
thickness was found in individuals in the cerrado. However,
for individuals in the understorey LSM was positively
correlated with the leaf thickness. Contrasts between the
correlations of these two variables were reported in several
studies. Dijkstra and Lamber (1989) found a 29%
difference in LSM in two inbred lines of Plantago major,
but no difference in leaf thickness, while van Arendonk

Table 4. Anatomical quantitative informations (X + SE, n=10
plants) of Sebastiania myrtilloides (Euphorbiaceae) in sunny and
shady habitats (* = P<0.005, ™ = not statistically significant).

Sun Shade Leaf Traits Sebastiania myrtilloides
Area (mm?) 75 +3 238 + 10 * Sun Shade
Dry Mass (mg) 8.5+ 04 185+ 0.8 * Cuticle thickness (pm) 2 1
LSM (pg.mm-?) 113 £ 2 78 +2 % Adaxial epidermis thickness (jum) 18 +1 11+1*
Density (pg.mm-®) 624 + 13 555 + 14 * Abaxial epidermis thickness (pm) 10 £ 1 111
Thickness (pm) 162 + 2 134 + 2 * Mesophyll thickness (pm) 132 + 2 111 + 2 *
Palisade Parenchyma
Thickness (pm) 70 + 3* 61 +1*
Table 3. Linear (Pearson product moment) correlations between Cell “f‘mber (mm) 8422 822
. — . . S Cell width (pm) 13+ 1 131 ™
leaf specific mass (LSM) and various other leaf traits of Sebastiania _
i . . . Cell length (pm) 70 £ 2 59 + 1*
myrtilloides (Euphorbiaceae) in sunny and shady habitats.
(* = P<0.05, ™ = not statistically significant). Spongy Parenchyma
. Thickness(pm) 62 + 2 50+ 1 *
Leaf Traits Sebastiania myrtilloides 2 + 920 + *
y Cell number (mm?) 2150 + 76 1820 + 84
Sun Shade Cell width (pm) 20 £ 1 25 £ 2™
Area 0.082 = -0.242 ns Cell length (pm) 16 £ 1 151"
Volume 0.128 ™ -0.080 " Stomatal density (stomata.mm?) 121 + 6 74 + 3 *
Dry Mass 0.482 * 0.350 * Trichome density (trichomes.mm?)
Density 0.817 * 0.712 * Adaxial epidermis 222 + 16 144 + 3 *
Thickness 0.216 ™ 0.289 * Abaxial epidermis 510 + 10 458 + 19 *
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and Poorter (1994) did not find any relationship between
LSM and thickness in 14 species of grasses that differed in
relative growth rate. Garnier and Laurent (1994) did not
observe any significant relationship between LSM and leaf
thickness in seven annual-perennial pairs of grasses. Finally,
Kebede et al. (1994) reported that two Lycopersicon species
showed high LSM and thin leaves.

Therefore, the species studied showed LSM positively
correlated with leaf mass and leaf density in both habitats
that agree with the data of Pammenter ez al. (1986), Kebede
et al. (1994), and Garnier and Laurent (1994). These
authors plays a major role of leaf density in the
determination of LSM. The effects of thickness and/or
leaf density on LSM have also clearly been shown in the
study of Witkowski and Lamont (1991), who studied
various combinations in shrub species growing in different
environments. Leaf density results mainly from the amount
of cell wall per unit volume (Garnier & Laurent 1994). S.
myrtilloides showed increased amount of mesophyll cells
which reflected in thickness and density of the mesophyll;

therefore contributing to either an increase in the amount
of the cellular walls. We must be reminded, however, that
leaf sclerophylly reflects a general increase in the
proportion of cellular wall tissue (Turner et al. 1993).
Leaf thickness is influenced by variations in the cuticle
thickness, epidermis (number of layers), hypodermis,
mesophyll (number of layers and length of the palisade
and spongy tissue), as well as by increased cell size (Esau
1977, Fahn & Cuttler 1992, Garnier & Laurent 1994, Sims
& Pearcy 1992, Thompson et al. 1992, Witkowski & Lamont
1991). Chazdon & Kaufmann (1993) demonstrated
variation in epidermal thickness in response to a natural
gradient in light availability suggesting a role protection
against high irradiance in thicker epidermis. Ours results
showed an increase in thickness of cuticle and adaxial
epidermis of leaves in sunny habitat. The increase of the
cuticle and/or upper epidermis thickness, and outer
periclinal wall thickness of epidermal cells, as well as in the
height of cells, should improve the reflectance layer. Thus,
the data indicate that S. myrtilloides presented anatomical
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Figure 1 . Cross section of Sebastiania myrtilloides eaves in sunny habitat (A, C) and in shady habitat (B, D). ct, cuticle; ep, epidermis; pp,
palisade parenchyma; s, stomata; sp, spongy parenchyma; t, trichome; vb, vascular bundle. Bar = 100pm.



y habitat (C), and in shady habitat (D). s, stomata; t, trichome. Bar = 100pm.
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characteristics that suggest more protection against light
irradiation in the sunny habitat than shady habitat.

Sebastiania myrtilloides showed an increase in the
thickness in the palisade and spongy parenchyma in sun-
exposed plants. Thompson et al. (1992) discussed that
high light irradiance induces the development of the
palisade and spongy parenchyma, while under low light
irradiance leaf cells are smaller and densely packed.

Leaves of plants in cerrado of all species showed higher
stomatal density than leaves of understorey riparian forest.
The increased number of stomata per unit area favors
higher leaf conductance under high irradiance
conditions (Mott et al. 1982, Mott & Michaelson 1991).
Trichome density was also influenced by light and low soil
moisture availability. As expected, trichome density was
higher in exposed cerrado than in understorey of S.
myrtilloides. The increase in trichome density plays an
important role in water regulation through an increase in
the boundary layer. Higher trichome density decrease the
vapor pressure between the leaf tissues and the
microclimate just above the leaf lamina. Furthermore it
reduces water loss (e.g. Ehleringer & Mooney 1978,
Harrington & Clark 1989, Johnson 1975, Upadhyaya &
Furness 1994).

These results supports the interpretation of Witkoswisk
and Lamont (1991) that sclerophyllous leaves may respond
independently to resource and other gradients. For S.
myrtilloides the leaf sclerophylly in plants in understorey of
the riparian forest change mainly by variations of the leaf
thickness. Conversely, leaf sclerophylly those of plants in
the sun-exposed cerrado habitat reflected mainly the
variations in leaf density and leaf mass.
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