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Abstract With the aim of recognizing the commonest
leaf pattern found in the woody flora of the cerrado (the
Brazilian savanna) we analyzed the leaf anatomy of 30
representative species. The leaves are mostly dorsiventral
and hypostomatic and covered by trichomes and a thick
layer of wax and cuticle; the vascular bundles are sur-
rounded by a sheath of fibers. The mesophyll has a
developed palisade tissue, dispersed sclerified cells and
idioblasts bearing crystals and phenolic compounds. We
compared the results with those reported for other species
(60 species) from the same biome and for the families that
the studied species belong. The present study suggests that
the xeromorphism observed for the cerrado leaves is rela-
ted to the evolutionary history of this biome, since its first
floristic elements must have faced deficient water condi-
tions as well as the consequent soil acidity and toxicity.
Therefore we may infer that the leaf anatomical pattern
here observed was already present in the first elements of
the cerrado and was selected to guarantee the survival of
those species in the new environment. Furthermore, the
xeromorphic features present in those leaves continue
nowadays to help the plants protecting themselves from the
different biotic and abiotic factors they are subjected to.
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Introduction

The cerrado is an ancient biome (Durigan et al. 2004)
endemic to Brazil and has ecological relationships with the
savanna (Ribeiro and Walter 1998). It covers around 23%
of Brazil (Ratter et al. 1997; Furley 1999; Durigan et al.
2003a) and, according to Coutinho (2002), presents a
physiognomic gradient ranging from “campo limpo” (open
grassland), “campo sujo” (grassland with some shrubs),
“campo cerrado” (shrub savanna), cerrado sensu stricto
(woodland savanna) to “cerraddo” (closed woodlands). On
the cerrado areas occur the climate “Aw” of the Kdppen’s
classification, characterized by dry winters and rainy
summers (Ribeiro and Walter 1998), although both rainy
and dry seasons have similar maximum values of the vapor
pressure deficit (Franco 1998; Meinzer et al. 1999). The
annual rainfall is about 1,500 mm (Ribeiro and Walter
1998), the temperature is around 22-23°C and the solar
radiation is quite intense all over the year (Coutinho 2002).
The cerrado’s soils are old, deep, porous, highly leached
and of sandy or sandy loam textures (Malavolta and
Kliemann 1985; Ratter et al. 2000; Coutinho 2002). They
have low contents of organic matter and are quite acid,
aluminotoxic and poor in nutrients (Goodland 1971; Mal-
avolta and Kliemann 1985; Ratter et al. 2000; Coutinho
2002). During the dry season, the water potential values of
the soil (¥;) are quite low in the upper layers but get higher
bellow 0.85 m downwards (Franco 1998, 2002).

The cerrado vegetation is formed both by an open strata
of trees, with twisted branches and trunks, and by a strata
of grasses and small shrubs (Rizzini 1976), that covers the
soil only during the rainy period (Beiguelman 1963). Its
flora comprises around 6,000 angiosperms and 300 pteri-
dophytes (Mendonca et al. 1998) being considered the
third largest Brazilian plant formation in terms of species
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richness, behind the Amazonia and the Atlantic forests
(Coutinho 2002).

Although growing on chemically poor soils, the cerrado
has undergone an intense devastation (Victor 1975) and
only 1.5% of this biome is protected as federal reserves
(Ratter et al. 1997).

Most of the studies on the cerrado are of floristic and
phytosociological nature (see Leitao Filho 1992; Durigan
et al. 1994; Bicudo et al. 1996; Castro and Martins 1999;
Castro et al. 1999; Ratter et al. 2000; Ribeiro and Tabarelli
2002; Tannus and Assis 2004), and although with many
typical species, the leaf anatomy of its representative is
little known. Relevant studies include those of Morretes
(1967, 1969) and Morretes and Ferri (1959), who described
the leaf anatomy of many species, and more limited works
are those of Beiguelman (1962a, b, c, d), Panizza (1967),
Handro (1966, 1967) and Paviani and Ferreira (1974).
Recently, the leaves of some representatives of some
common families in the cerrado were studied with the aim
of indicating adaptations found in the representatives of
this biome as well as useful features for taxonomic pur-
poses. It includes Vochysiaceae (Sajo and Rudall 2002),
Erythroxyllaceae (Bieras and Sajo 2004) and Melastomat-
aceae (Reis et al. 2004, 2005).

The cerrado plants exhibits many of the so called xe-
romorphic features, such as hairy surface, thick cuticle,
papillate epidermal cells and stomata sunken or protected
by trichomes (Morretes and Ferri 1959). However, studies
describing the leaf surface of its representatives are rare,
except for that of Salatino et al. (1986) about 11 woody
species.

This paper describes the leaf anatomy of representative
woody species of the cerrado with the aim of recognizing
their dominant leaf pattern and pointing out possible
adaptations related to the abiotic factors that predominate
in this biome.

Materials and methods

We selected the 30 most representative woody plant spe-
cies of the cerrado sensu lato of Sdo Paulo State, using the
floristic studies of Durigan et al. (2003b).

The material was collected in places with different
cerrado physiognomies (from “campo sujo” to “cer-
raddo”) in the S3o Paulo State. Vouchers are deposited in
the Herbario Rioclarense (HRCB), at the Instituto de
Biociéncias—S&o Paulo State University, Rio Claro, Sao
Paulo, Brazil. The species was classified according to
Soltis et al. (2005), except for the term Fabaceae, which we
replaced by Leguminosac: LAURALES: Lauraceae
(Ocotea pulchella (Nees) Mez: HRCB 44667 and Bieras
45), Siparunaceae (Siparuna guianensis Aubl.. HRCB
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44668 and Bieras 59,73); MAGNOLIALES: Annonaceae
(Xylopia aromatica (Lam.) Mart.: HRCB 44666 and Bieras
36, 49, 60); EUDICOTS: PROTEALES: Proteaceae
(Roupala montana Aubl.: HRCB 44669 and Bieras 72, 88,
89); ROSIDS: ROSALES: Moraceae (Brosimum gaudi-
chaudii Trécul: HRCB 44677 and Bieras 79, 96),
Urticaceae (Cecropia pachystachya Trécul: HRCB 44678
and Bieras 37); FABALES: Leguminosae (Acosmium
subelegans (Mohlenbr.) Yakovlev: HRCB 44679 and
Bieras 74; Anadenanthera peregrina var. falcata (Benth.)
Speg.: HRCB 44680 and Bieras 33, 51; Bauhinia rufa
(Bong.) Steud.: HRCB 44681 and Bieras 30, 93; Copaifera
langsdorffii Desf.. HRCB 44682 and Bieras 48, 63, 64;
Dimorphandra mollis Benth.: HRCB 44683 and Bieras
27,39; Machaerium acutifolium Vogel: HRCB 44684 and
Bieras 75, 114; Platypodium elegans Vogel: HRCB 44685
and Bieras 77, 115; Stryphnodendron adstringens (Mart.)
Coville: HRCB 44686 and Bieras 34, 55; Stryphnodendron
obovatum Benth.: HRCB 44687 and Bieras 90, 120), Po-
lygalaceae (Bredemeyera floribunda Willd.: HRCB 44688
and Bieras 103); MALPIGHIALES: Malpighiaceae
(Byrsonima intermedia A. Juss.: HRCB 44689 and Bieras
62, 109), Ochnaceae (Ouratea spectabilis (Mart.) Engl.:
HRCB 44690 and Bieras 50), Salicaceae (Casearia syl-
vestris Sw.. HRCB 44691 and Bieras 41, 66, 81);
MALVALES: Malvaceae (Luehea grandiflora Mart.:
HRCB 44692 and Bieras 102); SAPINDALES: Anacar-
diaceae (Tapirira guianensis Aubl.: HRCB 44693 and
Bieras 67, 113), Burseraceae (Protium heptaphyllum
(Aubl.) Marchand: HRCB 44694 and Bieras 65), Sapind-
aceae (Matayba -elaeagnoides Radlk.: Bieras 122);
ASTERIDS: SOLANALES: Solanaceae (Solanum
paniculatum L.. HRCB 44670 and Bieras 76, 101);
LAMIALES: Bignoniaceae (Tabebuia ochracea (Cham.)
Standl.: HRCB 44671 and Bieras 69), Lamiaceae (Aegi-
phila lhotskiana Cham.: HRCB 44672 and Bieras 68, 121);
APIALES: Araliaceae (Schefflera vinosa (Cham. &
Schitdl.) Frodin & Fiaschi: HRCB 44673 and Bieras 35,
46); ASTERALES: Asteraceae (Baccharis dracunculifo-
lia DC.: HRCB 44674 and Bieras 104, 112; Gochnatia
barrosii Cabrera: HRCB 44675 and Bieras 110, 117;
Gochnatia polymorpha (Less.) Cabrera: HRCB 44676 and
Bieras 108, 118).

For the anatomical study, the leaves were fixed in FAA
50 (Johansen 1940) and preserved in 50% alcohol with
drops of glycerin. For each species, we analyzed cross-
sections of the petioles apex and of the median region of
the blade of 3-5 leaves for material. The sections were
clarified with sodium hypochlorite 20%, stained with saf-
ranin and Astra-Blau (Safrablau) (Bukatsch 1972, modified
by Kraus and Arduin 1997) and mounted on glycerin gel-
atin (Haupt 1930, apud Kraus and Arduin 1997). Astra-
Blau was used to detect mucilage and phenolic compounds
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were evidenced by the utilization of ferric chloride (Jo-
hansen 1940). The stomata and papillae types were
identified according to Wilkinson classification (Wilkinson
1979). To dissociate the epidermis, fragments of the blade
were immersed in pure sodium hypochlorite and each
surface was stained with safranin 1% in 100% alcohol and
mounted in glycerin gelatin (Haupt 1930, apud Kraus and
Arduin 1997).

The micromorphological study was carried out on
fragments of 0.5 cm® of the median third of the blade and
on petiole fragments. Each sample was dehydrated in
ethanolic series, dried in a critical point dryer, metallized
and analyzed in a scanning electronic microscope. The
epicuticular wax was classified according to Barthlott et al.
(1998) and the trichomes according to Theobald et al.
(1979).

Results were recorded on electromicrographs, photo-
micrographs and stereomicrographs, with the scales
projected under the same optical and electronic conditions.

Results
Surface

All leaves are completely covered with a dense wax layer
covers making visible only the stomatal pore (Figs. la, 2d,
f). In most of species the epicuticular wax is crustiform
(Fig. 1a) both in the petiole and in the blade. However, the
wax forms a smooth layer (Fig. 1b), on the petioles of
Copaifera langsdorffii, Stryphnodendron obovatum, Oura-
tea spectabilis, Tabebuia ochracea and Schefflera vinosa
and on the blades of Ocotea pulchella, Brosimun gaudi-
chaudii, Matayba elaeagnoides, Aegiphila lhotskiana, and
Baccharis dracunculifolia. A smooth wax layer (Fig. 1b)
also covers the adaxial surface of the blades of Solanum
paniculatum, Tabebuia ochracea and Schefflera vinosa and
the abaxial surface of the leaves of Protium heptaphyllum.

Some species also have crystalloids of wax of different
shapes over the smooth layer or crust wax. These crystal-
loids form granules (Fig. 1c) on the petiole of Roupala
montana, Anadenanthera peregrina var. falcata, Copaifera
langsdorffii, Machaerium acutifolium, Stryphnodendron
obovatum and Ouratea spectabilis and on the adaxial sur-
face of the blades of Roupala montana, Protium
heptaphyllum, Matayba elaeagnoides, Solanum panicula-
tum and Tabebuia ochracea. The crystalloids of wax
form membranous platelets (Fig. 1d) on the petiole of
Stryphnodendron adstringens, on the adaxial surface of the
blades of Luehea grandiflora, on the abaxial surface of the
blades of Xylopia aromatica, Copaifera langsdorffii and
Dimorphandra mollis and on both surfaces of the leaves of
Ocotea pulchella. The crystalloids of wax form platelets

arranged in rosette (Fig. le) on both surfaces of the blade
of Platypodium elegans, Stryphnodendron adstringens and
Stryphnodendron obovatum, on the adaxial surface of the
leaves of Acosmium subelegans and on the abaxial surface
of those of Xylopia aromatica. On the abaxial surface of
the Matayba elaeagnoides blade (Fig. 1f), the crystalloids
of wax form threads and on the petioles of Xylopia
aromatica (Fig. 1g) and of Ocotea pulchella, they accu-
mulates in some points forming spheres.

The blades of Schefflera vinosa and Baccharis dracun-
culifolia (Fig. 2f) present a striated cuticle under the
smooth wax layer.

We could not identify the type of the wax on the petioles
of Bauhinia rufa, Solanum paniculatum and Gochnatia
polymorpha, and on the abaxial surface of the blades of
Cecropia pachystachya, Bauhinia rufa, Luehea grandi-
flora, Solanum paniculatum, Tabebuia ochracea, Schefflera
vinosa, Gochnatia barrosii and Gochnatia polymorpha due
to the great amount of trichomes.

Most of studied leaves are hairy (Table 1), although in
Anadenanthera peregrina var. falcata, Copaifera lang-
sdorffii, Stryphnodendron obovatum, Casearia sylvestris
and Protium heptaphyllum, only the petiole presents tric-
homes; in Stryphnodendron obovatum they are glandular
and simple non-glandular while in the other species there are
only simple non-glandular trichomes. Simple non-glandular
trichomes (Fig. 2a, b) are also found on the blades of Ocotea
pulchella, Xylopia aromatica, Brosimum gaudichaudii,
Cecropia pachystachya, Bauhinia rufa, Dimorphandra
mollis, Platypodium elegans and Gochnatia polymorpha.
Non-glandular conical trichomes (Fig. 2¢) occur in Aegi-
phila lhotskiana, non-glandular two-armed ones (Fig. 2d) in
Byrsonima intermedia and Schefflera vinosa and non-galn-
dular stellate (Fig. 2e) in Siparuna guianensis, Solanum
paniculatum, Tabebuia ochracea and Gochnatia barrosii.
Besides non-glandular trichomes, the leaves of Brosimum
gaudichaudii, Bauhinia rufa, Luehea grandiflora, Tabebuia
ochracea, Aegiphila lhotskiana and Gochnatia polymorpha
also present glandular capitate trichomes (Fig. 2a, b). In
Baccharis dracunculifolia (Fig. 2f), the glandular capitate
trichomes form scattered groups.

Papillate cells (Fig. 2a) occur on the abaxial surface of
the leaves of Xylopia aromatica, Brosimum gaudichaudii,
Bauhinia rufa, Dimorphandra mollis and Stryphnodendron
adstringens.

Blade

In most of leaves the epidermal cells on the adaxial surface
have straight anticlinal walls, in frontal view, as observed
for Siparuna guianensis (Fig. 3a). However, these walls are
sinuous (Fig. 3b) in Acosmium subelegans, Anadenanthera
peregrina var. falcata, Copaifera langsdorffii, Machaerium
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Fig. 1 Eletromicrographs of the leaf surface showing epicuticular
waxes types. a—f Blade, g Petiole. a Copaifera langsdorffii, crust,
b Aegiphila lhotskiana, smooth layer, ¢ Roupala montana, crystal-
loids in granule shape, d Copaifera langsdorffii, crystalloids in
membraneous platelets shape, e Stryphnodendrom adstringens,

acutifolium, Byrsomina intermedia, Casearia sylvestris,
Tapirira guianensis, Protium heptaphyllum and Aegiphila
lhotskiana. The anticlinal walls of the epidermal cells are
sinuous (Fig. 3d), on the abaxial surface of the leaves of
Siparuna guianensis, Anadenanthera peregrina var. falcata,
Copaifera langsdorffii, Byrsonima intermedia, Ouratea
spectabilis, Casearia sylvestris, Tapirira guianensis, Protium
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crystalloids in platelets arranged in rosettes shape, f Matayba
elaeagnoides, crystalloids in threads shape, g Xylopia aromatica,
epicuticular wax accumulate in sphere shape. Barsa 50 pm, b—f 10 pm,
g 100 pm

heptaphyllum, Aegiphila lhotskiana, Schefflera vinosa and
Gochnatia polymorpha, and straight (Fig. 3c) in the other
species.

Most of leaves are hairy, hypostomatic (Figs. 4a, d, e,
5d) and with dorsiventral mesophyll (Figs. 4b—i, Sa—f),
(Table 1). Paracytic stomata (Fig. 3c) predominates in the
studied species, although anomocytic type (Fig. 3d) occurs
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Fig. 2 Eletromicrographs of the leaf surface showing trichomes
types. a Brosimum gaudichaudii, simple non-glandular and glandular
capitate (arrow), b Bauhinia rufa, simple non-glandular and glandular
capitate (arrow), ¢ Aegiphila lhotskiana, non-glandular conical, d

in Xylopia aromatica, Anadenanthera peregrina var. fal-
cata, Copaifera langsdorffii, Casearia sylvestris, Protium
heptaphyllum, Aegiphila lhotskiana and Schefflera vinosa.
The stomata are sunken in Brosimum gaudichaudii,
Cecropia pachystachya, Bauhinia rufa and Tabebuia
ochracea making impossible to determine their type; we
also could not observe the stomata in Solanum paniculatum
and Gochnatia polymorpha that have densely hairy leaves.

Byrsonima intermedia, non-glandular two-armed, e Gochnatia bar-
rosii, non-glandular stellate, f Baccharis dracunculifolia, glandular
capitate (arrowhead = papillae). Bars a-b, e 100 um, ¢, f 10 pm,
d 50 pm

Thin cuticles (Fig. 4g) predominate on the studied
leaves, although some species have a thick cuticle on both
surfaces (Figs. 4d, 5e), (Table 1). Some leaves are covered
by a thick cuticle on the adaxial surface and by a thin one
on the abaxial surface (Fig. 4c, f; Table 1).

Epidermal cells with thin outer periclinal wall occur
on both surfaces (Fig. 4g) or only on the abaxial side
(Fig. 4d, 5a) in half of the studied leaves (Table 1); the
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Fig. 3 Photomicrographs of the
leaf surface in frontal view. a, b
Adaxial surface: a Siparuma
guianensis, with straight
anticlinal walls, b Protium
heptaphyllum, with sinuous
anticlinal walls. ¢, d Abaxial
surface: ¢ Machaerium
acutifolium, with straight
anticlinal walls and paracytic
stomata, d Copaifera
langsdorffii, with sinuous
anticlinal walls and
anomocytics stomata. Bars a,

b 70 pm, ¢, d 30 um

The blade edge is slightly revolute (Fig. Si-1) in most
studied leaves and straight (Fig. 5g-h) in Ocotea pulchella,
Roupala montana, Acosmium subelegans, Anadenanthera
peregrina var. falcata, Copaifera langsdorffii, Stryphno-
dendron adstringens, Bredemeyera floribunda, Ouratea
spectabilis and Baccharis dracunculifolia. It has a rounded
shape (Fig. 5h-1) in most leaves and a sharp shape
(Fig. 5g) in Siparuna guianensis, Acosmium subelegans,
Ouratea spectabilis, Luehea grandiflora, Matayba elae-
agnoides and Gochnatia barrosii.

In the leaf edge, the cuticle is usually thin but it is
thick (Fig. 5j, k) in Ocotea pulchella, Brosimum gaudi-
chaudii, Copaifera langsdorffii, Platypodium elegans,
Byrsonima intermedia, Aegiphila lhotskiana, Schefflera
vinosa, Baccharis dracunculifolia and Gochnatia poly-
morpha. The epidermal cells at the leaf edges have thin
outer periclinal walls (Fig. 5j, k) in Siparuna guianensis,
Brosimum gaudichaudii, Cecropia pachystachya, Aegi-
phila lhotskiana, Baccharis dracunculifolia, Gochnatia
barrosii and Gochnatia polymorpha; in the other species,
the outer periclinal wall is thickened and lignified
(Fig. 5g-i, 1).

The leaf edges of Ocotea pulchella, Roupala montana
(Fig. 5h), Matayba elaeagnoides and Schefflera vinosa

(Fig. 5i) presents subepidermic sclerified cells and those of
Brosimum gaudichaudii (Fig. 5j) have collenchyma cells.
In the other species, this region is parenchymatous
(Fig. 5g, k, ).

The midrib has an abaxially dislocated vascular system
originating a prominent vein (Fig. 6a, e, h) in Brosimum

gaudichaudii, Cecropia pachystachya, Bauhinia rufa,
Luehea grandiflora, Matayba elaeagnoides, Solanum pan-
iculatum, Tabebuia ochracea, Gochnatia barrosii and
Gochnatia polymorpha, (Table 1). The vascular system is
slightly dislocated (Fig. 6b, d, f) in Siparuna guianensis,
Roupala montana, Bredemeyera floribunda, Aegiphila
lhotskiana and Schefflera vinosa and occupies the same
level as the mesophyll (Fig. 6¢, g, 1), in the other species,
(Table 1).

The adaxial region of the midrib is convex in most
leaves (Fig. 6a—d, g—h); however, it is concave (Fig. 6e, 1)
in Xylopia aromatica, Brosimum gaudichaudii, Bauhinia
rufa, Bredemeyera floribunda and Baccharis dracunculi-
folia and flat (Fig. 6f) in Ocotea pulchella and Roupala
montana.

The vascular system of the midrib is formed by collat-
eral bundles in all species, except for Solanum paniculatum
with bicolateral bundles (Fig. 6a). The bundles can form
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Fig. 4 Photomicrographs of cross-sections of the leaf blade.
a Tabebuia ochracea, hypostomatic leaf (arrow = stomata), with
two-layered hypodermis and isobilateral mesophyll, b Anadenanthera
peregrina var. falcata, amphistomatic leaf (arrow = stomata), with
palisade tissue representing 50% of the mesophyll, ¢ Brosimum
gaudichaudii, with thick cuticle on the adaxial surface and with
coniform papillae (arrowhead) on the abaxial surface, d Gochnatia
polymorpha, with thick cuticle on both surface and with prominent
stomata (arrow), € Roupala montana, showing epidermal cells with

either a continuous arch (Fig. 6a—e) or an arch interrupted
by parenchyma (Fig. 6f); they can also be arranged in a
circle interrupted or not by parenchyma (Fig. 6g, h),
(Table 1). In the leaves of Baccharis dracunculifolia
(Fig. 6i), the midrib vein is formed by a single collateral
bundle (Table 1).

Besides the main vascular bundles, there are also
small isolated bundles in the midrib of various species.
Such bundles are collateral and occur adjacent to the
adaxial surface (Fig. 6b, d) in Siparuna guianensis,

@ Springer

thick outer periclinal wall and sclerified cells (sc) adjacent to the leaf
surfaces, f Schefflera vinosa, with one-layered hypodermis of
sclerified cell, g Stryphnodendron adstringens, showing thin cuticle
and spongy parenchyma compactly arranged, h Siparuna guianensis,
showing palisade parenchyma with ibioblasts containing phenolic
compounds (pc), i Copaifera langsdorffii, with sclerified cells (sc)
associated to the vascular system. Bars a, ¢, d, h 30 um, b 35 pm,
e-g, i 70 um

Cecropia pachystachya, Luehea grandiflora, Matayba
elaeagnoides, Aegiphila lhotskiana and Schefflera vinosa.
There is a single amphivasal bundle in adaxial position
in Brosimum gaudichaudii (Fig. 6e) and a single am-
phicribal in adaxial position in Byrsonima intermedia
(Fig. 6¢).

For the compound pinnate leaves of the Leguminosae,
Anacardiaceae and Burseraceae, the central vascular sys-
tem of the leaflets is not considered a midvein, since it
represents higher orders of ramification.
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Fig. 5 Photomicrographs of cross-sections of the leaf blade. a
Luehea grandiflora, with two-layered epidermis on the adaxial
surface, b Dimorphandra mollis, showing epidermal cells with
mucilage on adaxial surface and cupuliform papillae (arrowhead)
on the abaxial surface, ¢ Bauhinia rufa, with phenolic compounds
(pc) in the epidermal cells, in the extension of the vascular bundle
sheath and in the vascular bundle and with coniform papillae
(arrowhead) on the abaxial surface, d Bredemeyera floribunda,
showing hypostomatic leaf (arrow = stomata) with dorsiventral
mesophyll and with palisade tissue little grown, e Byrsonima

Except for Solanum paniculatum (Fig. 6a), Brosimum
gaudichaudii (Fig. 6e) and Cecropia pachystachya, the
midrib vascular system is surrounded by sclerified cells

o;e'ﬂ;.“ [

intermedia, with spongy parenchyma loosely arranged and idioblast
containing crystal (cr), f Xylopia aromatica, with one-layered
hypodermis of parenchymatous cells, g Acosmium subelegans,
showing blade edge straight and sharp, h Roupala montana, with
blade edge rounded; to notice sclerified cells (sc), i Schefflera vinosa,
showing blade edge rounded with subepidermic sclerified cells (sc); j
Brosimum gaudichaudii, with blade edge slightly revolute and
subepidermic collenchyma cells, k Aegiphila lhotskiana, with blade
edge slightly revolute, 1 Dimorphandra mollis, with blade edge
rounded. Bars a—d, f 3 um, e, g-1 10 um

(Table 1), usually forming a thick sheath (Fig. 6f-h).
Sclerified cells also appear in the cortical region of the
midvein (Fig. 6b, f) of the leaves of Ocotea pulchella,
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Fig. 6 Photomicrographs and stereomicrographs of cross-sections of
the leaf blade in the midvein region. a Solanum paniculatum, with
main vascular system in continuous arch shape, b Schefflera vinosa,
showing main vascular system in continuous arch shape with
collateral bundles distributed adjacent to the adaxial surface; to
notice secretory cavities (scv) and sclerified cells (sc) in the cortex, ¢
Byrsonima intermedia, showing main vascular system in continuous
arch shape with a single amphicribal bundle in an adaxial position, d
Siparuna guianensis, showing main vascular system in continuous
arch shape with a collateral bundle in an adaxial position; to notice
the presence of idioblasts containing phenolic compounds (pc), e

Roupala montana, Byrsonima intermedia, Ouratea spect-
abillis, Luehea grandiflora, Matayba elaeagnoides and
Schefflera vinosa (Table 1).

Petiole

The petioles are usually covered by a thin cuticle,
although it is thick in Ocotea pulchella, Siparuna

@ Springer

Brosimum gaudichaudii, showing main vascular bundle in continuous
arch shape with a single amphivasal bundle in an adaxial position, f
Roupala montana, with main vascular system in arch interrupted
shape, surrounded by sclerified cells and with sclerified cells (sc) in
the cortex, g Ouratea spectabilis, with main vascular system in circle
interrupted shape, surrounded by sclerified cells, h Tabebuia ochr-
acea, with main vascular system in circle interrupted shape,
surrounded by sclerified cells, i Baccharis dracunculifolia, with main
vascular system formed by a single collateral bundle. Bars a, c,
d 15 pum, b, e, h 200 um, f, i 70 pm, g 4 pm

guianensis, Cecropia pachystachya, Bredemeyera flori-
bunda, Solanum paniculatum, Gochnatia barrosii, and
Gochnatia polymorpha.

In cross-section, the epidermal cells have thickened
walls in most studied species. The outer periclinal wall of
these cells is of primary nature in Gochnatia barrosii and
Gochnatia polymorpha but it presents a secondary thick-
ening in the petioles of Xylopia aromatica, Brosimum
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Fig. 7 Stereomicrographs of cross-sections of the petiole. a Casearia
sylvestris, with main vascular system in continuous arch shape; to
notice the presence of idioblasts containing phenolic compounds (pc),
b Siparuna guianensis, showing main vascular system in continuous
arch shape with two collateral bundles in an adaxial position; to notice
the presence of idioblasts containing phenolic compounds (pc), ¢
Solanum paniculatum, showing main vascular system in interrupted
arch shape with two amphicribal bundles dislocated towards the
adaxial surface, d Gochnatia barrosii, with main vascular system in
interrupted arch shape, e Gochnatia polymorpha, showing main
vascular system in interrupted arch shape with two collateral bundle

gaudichaudii, Anadenanthera peregrina var. falcata,
Bauhinia rufa, Copaifera langsdorffii, Dimorphandra
mollis, Machaerium acutiolium, Platypodium elegans,
Stryphnodendron adstringens, Casearia sylvestris, Luehea
grandiflora, Tabebuia ochracea and Aegiphila lhotskiana.
The anticlinal walls of the epidermal cells of some species
(Ocotea pulchella, Roupala montana, Acosmium subele-
gans, Stryphnodendron obovatum, Bredemeyera floribunda,
Ouratea spectabilis, Tapirira guianensis, Matayba

in an adaxial position; to notice vascular system surrounded by
sclerified cells and the presence of sclerified cells (sc) in the cortex, f
Tabebuia ochracea, with main vascular system in continuous circle
shape, g Cecropia pachystachya, with main vascular system in
interrupted circle shape, surrounded by amphicribal bundles, h
Protium heptaphyllum, with main vascular system in continuous
triangle shape, surrounded by secretory cavities (scv) involved by
phloem elements, i Stryphnodendron adstringens, showing main
vascular system in interrupted triangle shape with amphicribal
bundles in an adaxial position. Bars a 15 pm, b, e 4 um, ¢, d, f,
i 50 um, g 70 pm, h 60 pm

elaeagnoides and Schefflera vinosa) present secondary
thickenings.

The petiole cortex is parenchymatous in Xylopia
aromatica, Roupala montana, Acosmium subelegans,
Anadenanthera peregrina var. falcata, Bauhinia rufa,
Copaifera langsdorffii, Dimorphandra mollis, Platypodium
elegans, Stryphnodendron adstringens, Stryphnodendron
obovatum and Matayba elaeagnoides. In the other species,
this region is formed by an outer collenchyma and by an
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inner parenchyma (Fig. 7c). Sclerified cells are common
in the petiole cortex (Fig. 7e¢) of Roupala montana,
Stryphnodendron obovatum, Ouratea spectsbilis, Matayba
elaeagnoides and Gochnatia polymorpha.

Except for Solanum paniculatum, with bicolateral bun-
dles (Fig. 7c), the vascular system is formed by collateral
bundles. These bundles are arranged in a continuous arch
(Fig. 7a, b), in some species, and in an arch interrupted by
parenchyma (Fig. 7c—e), in others, (Table 1). In Bauhinia
rufa and in Luehea grandiflora, this arch is formed by four
isolated groups and by three to four vascular groups,
respectively. In some species, the vascular tissues are
arranged in a continuous circle (Fig. 7f) whereas in others,
this circle is interrupted by parenchyma (Fig. 7g),
(Table 1). Vascular tissues organized in a continuous
(Fig. 7h) or interrupted (Fig. 71) triangle is also present in
some petioles, (Table 1).

Besides the main vascular system, there are some iso-
lated collateral bundles adjacent to the abaxial surface in
Bauhinia rufa, and close to the adaxial surface (Fig. 7e) in
Siparuna guianensis, Acosmium subelegans, Anadenan-
thera peregrina var. falcata, Copaifera langsdorffii,
Dimorphandra mollis, Platypodium elegans, Stryphnoden-
dron obovatum, Luehea grandiflora, Aegiphila lhotskiana
and Gochnatia polymorpha. The isolated bundles are
amphivasal and adjacent to the abaxial surface in Roupala
montana and are amphicribal and dislocated towards
the adaxial surface (Fig. 7c, 1) in Solanum paniculatum,
Copaifera langsdorffii and Stryphnodendron adstringens.
Isolated vascular bundles also appear in the medulla of the
petioles of Schefflera vinosa while in Brosimum gaudi-
chaudii, there are groups of phloem cells in this same
region. In Cecropia pachystachya, the vascular system of
the petioles is surrounded by amphicribal bundles (Fig. 7g)
and in Protium heptaphyllum it is surrounded by secretory
cavities involved by phloem elements (Fig. 7h).

The vascular system of the petioles is surrounded by
sclerified cells, except for Brosimum gaudichaudii,
Cecropia pachystachya (Fig. 7g), Bredemeyera floribunda
and Solanum paniculatum (Fig. 7c). Such sclerified cells
are continuously distributed in most petioles (Fig. 7f), but
are sparsely arranged (Fig. 7d, h) in Siparuna guianensis,
Bauhinia rufa, Casearia sylvestris, Luehea grandiflora,
Tapirira guianensis, Protium heptaphyllum and Aegiphila
lhotskiana.

The leaves of Byrsonima intermedia and Baccharis
dracunculifolia are semi-sessile.

Secretory sites (Figs. 41, 5f, 6b, 7h) and epidermal cells
with mucilage (Fig. 5b) or with phenolic compounds
(Fig. 5¢c) were observed in few leaves. Idioblasts contain-
ing phenolic compounds (Figs. 4h, 5c, 6d, 7a, b) and
crystals (Fig. 5e) occur in around 37% of the species
(Table 1) being more frequent in the petiole.

@ Springer

Discussion

If we compare the present results (Table 1) with those
reported for other regions of cerrado of the Brazil
(Table 2), we can suggest that the woody plants of this
biome show a leaf anatomical pattern characterized by
leaves with: (a) a thick coating and many trichomes; (b)
stomata limited to the abaxial surface; (c) dorsiventral
mesophyll with developed palisade parenchyma (ca 50% or
more of the mesophyll thickness); (d) sclerified cells sur-
rounding the vascular tissues and sparsely distributed in the
mesophyll; (e) idioblasts containing phenolic compounds
and crystals.

The thick coating that covers most leaves of the cerrado
is constituted by epicuticular waxes and a cuticle. The
epicuticular waxes, whose synthesis may be induced by the
high luminous intensity (Cutter 1986), reduce leaf tran-
spiration (Eglinton and Hamilton 1967; Jeffree 1986;
Oliveira et al. 2003) and protect the plant from the excess
of radiation (Eglinton and Hamilton 1967; Wilkinson
1979) and from herbivory (Eglinton and Hamilton 1967,
Jeffree 1986). As the waxes, the cuticle has also been
associated to the reduction of transpiration (Pyykko 1966;
Mortenson 1973; Riederer and Schreiber 2001) and,
according to Larcher (2004) and Taiz and Zeiger (2004),
plants subjected to water deficiency have leaves with more
thickened cuticles. As the waxes too, the cuticle protects
the leaves from solar radiation by absorbing the ultraviolet
rays (Larcher 2004).

As the epicuticular waxes, the glandular and non-glan-
dular trichomes, usually found in the cerrado leaves
(Tables 1, 2), protect the plant from phytophagous animals
(Johnson 1975; Theobald et al. 1979); as the waxes and the
cuticle, the trichomes also reduce water loss through
transpiration since they reflect the solar rays, avoiding leaf
heating (Fahn and Cutler 1992; Larcher 2004).

In cerrado habitats, the set waxes + cuticle + tric-
homes thus seems to protect the leaf from the heating and
the excessive radiation due to high luminosity that prevails
in this biome. This high luminosity probably induces the
synthesis of those thick wax layers, as asserted by Cutter
(1986) for plants living in open habitats.

The set waxes + cuticle 4 trichomes probably also
reduces leaf transpiration, since, as mentioned above, the
woody plants of the cerrado usually have physiological
mechanisms that limit water loss, even when they are not
subjected to severe water stress (see Moraes et al. 1989;
Perez and Moraes 1991; Mattos et al. 1997; Franco 1998;
Moraes and Prado 1998; Meinzer et al. 1999; Prado et al.
2004).

As those of xerophytic plants (Pyykko 1966; Juniper
and Jeffree 1983; Fahn and Cutler 1992), the leaves of the
cerrado are usually covered by epidermal cells with



465

Trees (2009) 23:451-471

VD DD 9 ‘AT ‘AN a3e[ronw pue sjouayq o] 0S> 1s10(Q odAH — — qav/av WNnsoLoqns
VD VO AN ‘AT AN aSe[ronur pue SjoULYd 0] 05> 1s10qg odkH - - av/av wnupLaa]jad g
VO VO AN a3e[ronur pue s[ousyd o7 0S 1s10(] odkH - - av/av winupu iy
VO VD AN a3e[monur pue sjousyd o] 05> 1810 odkH - - av/av wnmp1oap “Hq
VO VD AN oSe[ronw pue sjoudyd o] 0S 110 odAH - - av/av winijofiauns o
VO DD 9N ‘AT ‘AN a3e[ronw pue sjouayq 0] 0S> 18I0 odAH — — qav/av adjsadund "
VD VD AN a3e[ronw pue sjouayq 0T 0S 1s1I0(] odAH — — qav/av wnnS1quip wnjkxoayliag
LrodIAxoIAIg
SHTVIHDIdTVIN
A 1A AT AN i o1 0S 1810 od g i + qav/av SNS0L2GNS SNADUUOY)
JedOBIBUUO))
SHIVAI'TVXO
A A AT AN - 0D 0S 1s10(q odAH A — { Sup3a]a vgIIMG
A i AT AN - o] 0S 1810 odAH 1A + A PPAUDIASDP DU2ING
o) A AT AN wns pue [e1sA10 ‘sjoudyd o] 0S 1s1I0(Q odAH 1A — av PIDNO12L DIUAUKID]
il AT AN 118410 0D 0s< sioq  oddy é - i RSOPLONISHA DIYOIpMOg
Jesourungo|
Sq1vavd
SAIsod
i 1D W ATAW { { 0s< sIoq  odAH & + av/av DHOL DLRINOG
aeoorjodeg
SHIVOIYd
fae) | AT AN [eIsA1D - - u  ydwy ¢ - av/av pPA2f1ays vaaN
QeaoRUISBIDAN
SHTVTAHdOAYVD
e | AT AN [e1s£1) 01 0S 1810 odAyg i + i (DUDILIWD D]]21D.411)
QBIRIUS[[I(T
SLOdI1dNd
. VD AN 1A 0D 0s< 1810 odAH 1A + I PLoifipunad vidojx
¢ VI AW ATAN & 0] 0> 1s10qQ odfH av/av + av/av LP2ODLI0D DUOULY
JedoRUOUUY
SHIVI'IONDOVIN
S[[92 sooueysqng  ewAyouared ewyouared paymusi pue
Jond AN POYLIdOS onsedig A3uodg opesifed 9, uonezIUBIIQ) BIBWOIS POWYOIY) :MJO SWOYOLI],
(odeys) waysAs 9onnd
Ie[nOSeA TAydosan srurroprdg RJUAR

stoyIne sI9YI0 £q parpms saroads Apoom OpeIIad JY) JO SAINJBd) [EOTWOIRUE Jed] T Qe

pringer

as



Trees (2009) 23:451-471

466

. VD — oSeqonu pue [eIsK10 ‘sjouayq e} i 1810 odAH i + ¢ dofvut -

o) - [e1sK10 pue sjouayq 0D i 1810 odAYg i + i DIDINOIISDY dUYISNID)
59BAORISAYIOA

Irem3au] VD SN ‘AN [e1s£10 pue sjouayq 0D 0S> 110 odAH i + — ¢ “ds vuyonoqiy

i Vi AN [e1s£15 pue sjouayq 0D 0S> 1810 odAH i + — 1 -ds pumyonoqiy

Irem3ou] D SN ‘AIN [e1sA10 pue sjoudyq 0) 0s< 1810 odAH i + — pdipI0UIS PUIYINOQL]

VI VD AN [e38£10 pue sjousyd 0D 0s> 1810 od{H ¢ + av/ay ds puoorpy

VI VO AN [e3s£10 pue sjouayq 0D 0S 1s10(J odkH 6 + av/av DUDIMO]S "I

VO VO AN [e1sA10 pue sjouayq 0D 0s> 1s10(J odkH 6 + av uffaopssuv) W

VI Vi AN [e3sA10 pue sjousyq 0D 0s< 1s10(] odkH 1 + av sipudy "

VI Vi AN [e1sK10 pue sjouayq 0D 0S 1S1I0(J odAyg i —+ av pduvoriadad

L Vi AN [eI5A10 pue sjouayq 0D 0S 1s10(q od&H ¢ + av/av vaounuiul "

L Vi AN [e3s&15 pue sjouayd 0D 05> 1s10qg od&H 2 + av/av saprousnsi] "W

i VD AN [e1SAI0 pue sjouayq (Vo) 0S 1810 odAHg i + av D2ODLIDYD I

i Vi AN [e1sA10 pue sjoudyq 0D 0S 1S1I0(] odAyg i + av psoursigna "y

Iem3ou] VD AN [e1SA10 pue sjouayq 0D 0S> 1s10q odAH i — av S10SSTUDYD "I

remnSeny V) AN [e1sK10 pue sjouayq 0D 0S 1810 odAyg i + av pAyovisouals "W

L Vi AN [#3sA10 pue sjoueyq 0D 0s 1810 odAH 2 + av xopof "W

L Vi AN [e3s£1D) pue sjoudyd 0D 0 1s10Qq od&H ¢ + av SUDIIGID DIUOIYN

i VD AN [e1s£10 pue sjouayq 0D 0S 1810 odAH i + av psounov]

VI Vi AN [e1sA10 pue sjoudyq 0D 0S 1s1I0(Q odAH i + av DUND DIPUDIT
,9BOOBIBWOISL[OIN
SHIVLIAN

VD VD N ‘AT AN & 0] 05> 1s10@g ydury 2 + av/av pUNUDY WnIpIvIDUY
JeadRIpIRORUY
SHTVANIAVS

& L INCATAN & o7 0S 1s10Qq od&H 6 + av/av pS2dij1on.a8 xpquiog
QBAOBA[RIN
SHIVATVIN

vl 0D AT AN e1sk1) 0] 0S> 1S1I0(] odAHg i — { Q_EN@Q&&SDS punuosig
qeooery3idre|y

V) VD AN ageonuw pue sjousyq o1 0S 1810 odAyg — — av/av wnsonji0y g

S[[90 sooue)sqng  ewkyoudred ewAyouared paymusi| pue
Jloned AN PayLId[OS onsedig ASuodg opesieq 9 uoneziueSi) LIRWOIS PAWIY AMJO SWOYDLL],
(adeys) woysAs JonNd w.o
IB[NOSBA ITAydosa srutoprdg Yoy ], W

panunuod 7 dqel

A's



467

Trees (2009) 23:451-471

. DD - [BI1SAID) o] 0S 1s1I0(] odAH i + qav/av PSisuaipisaq vuakoso],
JeadrIqy
. VD SN ‘AIN — 0D 0s< 1810 odAH i + A Jumbopnasd souyofug
qeooerue3o
. 1D SN ‘AN [e1sA1) 0D 0S 1s10(] od{g qav/av + { Junsojuauo) vuiadsopidsy
Jeoorukoody
SHTVNVILNAD
i VD AN [e1sk1n 07 0S 1810 ydury i + i JUNLOYIpunad wnuvjog
QBOOBUB[OS
SHTVNV'IOS
SATYHLSV
. VD AT ‘AN [e1SAI10 pue sjouayq o7 i 1S1I0(] odAH i i I DIDUIUNID “A
i VD AT AN [e1s£10 pue sjouayq 07T I 110 odAH i — i wniounonj ‘A
i VD SN ‘AT AN [e1s£15 pue sjouayq 07T i 1810 odAH i — i Dap10$iKy1 A
& VO SN AT AN [e13410 pue sjoudyq o1 ¢ 1s10Q odAH 13 ¢ & vijofipuniol A
L VD 9N ‘AT AN [e1sA10 pue sjoudyg o A 1S1I0(] odAyg i A ¢ vovwdid A
& VD AN [e1sk1o pue sjoueyq o7 & 1s10(1 odAH & - av/av voudipga A
i VD AN [e1sA10 pue sjoudyq 0T A 1810 odAg i + ¢ pawownuU1d> PISKYI0A
. VD AT ‘AN 9Se[onw pue [BISAI0 ‘S[ouayq 0D i 1810 odAyg i - {  DIOPOLID]IDAUOD DIIIAIDS
. VD AT ‘AN 9Se[onw pue [BISAI0 ‘s[ouayq o7 i 1S10(] odAH i — I puiojoyd1p 0O
i VD AT ‘AN oSe[onu pue [BISAIO ‘S[OUdYq 0] 1A 1s10( odAH i — 1A vIOPL0d "0
i VD AN 9Se[onwt pue [eIS£d ‘sjoudyq 0D I 110 odAH i + i Kyvipun{ O
i VD AT ‘AN 2Fe[onjy pue [BISAI) ‘sjouayd 0D i 1810 odAH i + I vaopfinand O
i VD AN 93e[IOnA pue [eISAI1) ‘sjouayd e} A 1s1I0(] odAH i A { vaoyinu 0O
i VD AT ‘AN 9Se[onw pue [BISAIO ‘S[ouayq 0D A 1810 od g i + { DAOYipuva3 PN
i VD — oSeqonw pue [eISAIO ‘sjoudyq 0D i 1s10(] odAg i — i Aounu -
S[[90 sooue)sqng  ewkyoudred ewAyouared paymusi| pue
Joned AN PoyLIaOS onsedig A3uodg opesied 9, uUONEZIUBSI) BIBWOIS PaWOIY :MJO SWOYOLI],
(adeys) woysAs JonNd
IB[NOSBA ITAydosa srutoprdg Yoy ],

panunuod 7 dqel

pringer

Qs



468

Trees (2009) 23:451-471

system (shape)

Vascular

Mesophyll

Epidermis

Thick
cuticle

Table 2 continued
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MV Petiole

Sclerified

cells

Ergastic

Spongy

Organization % Palisade

Trichome OPW: thickned Stomata

parenchyma parenchyma Substances

and lignified

% OCCURRENCE (N = SPECIES WITH INFORMATION)

MV: 93.3

Co: 55.2 Phenols: 81.5

Lo: 44.8

50: 54.8

Hypo: 95 Dorsi: 98.3
Amph:5

AD/AB: 20
Thin: 80

N

AD/AB: 57.1 +: 62.5

AD: 34.3

crystal: 79.6 LV: 41.7

<50: 30.9

In: 1.7

N

—: 375

Me: 23.3
absent: 6.7
N = 60

mucilage: 31.5

N =58

>50: 14.3

60

56 =10 N =60 =

N =

Thin: 8.6

gum:1.8

N=42

N=235

absent: 5.5
N =54

AB abaxial, AD adaxial, Amph amphistomatic, CA continuous arch, CC continuous circle, Co compactly arranged, CT continuous triangle, Dorsi dorsiventral, Hypo hypostomatic, /A interrupted

arch, IC interrupted circle, /n indifferent, Lo loosely arranged, LV lateral vein, Me mesophyll, MV midvein, OPW outer periclinal wall, + presence, — absence, ? absence of information

% Morretes and Ferri (1959), bBeiguelman (1962b), “Beiguelman (1962c), Morretes (1967), “Morretes (1969), fPaviani and Ferreira (1974), £Sajo and Rudall (2002), "Bjeras and Sajo (2004),

iReis et al. (2004, 2005)

thickened and lignified outer periclinal walls, on both
surfaces or only on the adaxial side (Tables 1, 2). The fact
that such walls are usually flat suggests that they also help
to reflect the light because, according to Voguelmann
(1993), convex walls increase light capture.

In the cerrado leaves, a 1:1 ratio between palisade and
spongy parenchyma (Tables 1, 2) prevails. According to
Mortenson (1973), developed palisade parenchyma is
common in plants living under satisfactory water condi-
tions, as the woody species of the cerrado. Such plants
are usually evergreen (Cole 1986) and use physiological
mechanisms, as the fall in stomatal conductance, to guar-
antee the stability of their leaf water condition, even when
water is scarce (see Moraes et al. 1989; Perez and Moraes
1991; Mattos et al. 1997; Franco 1998; Moraes and
Prado 1998; Meinzer et al. 1999; Prado et al. 2004). For
Voguelmann (1993), a developed palisade parenchyma is
important in the case of sun leaves, such as those of the
cerrado woody plants, because it distributes light in a
uniform way to all layers of this organ.

Secretory cavities as well as idioblasts containing
crystals and phenolic compounds are frequent in the cer-
rado species (Tables 1, 2). According to Varanda et al.
(1998), plants growing on poor soils, like those of cerrado,
usually deviate the biosynthetic ways to produce defense
compounds, like phenolic compounds, due to the high cost
to replace the material lost through the action of herbi-
vores. On the other hand, the generalized occurrence of
calcium oxalate in the cerrado plants suggests, according to
Handro (1966), that they concentrate calcium since this
element is found in very small amounts in the soils of this
biome.

Revolute leaf edges that, according to Mortenson
(1973), are often found in xeromorphic leaves appear in
70% of the studied species although other cerrado species
show no predominance of a particular edge type (see
Morretes and Ferri 1959; Morretes 1967, 1969; Beiguel-
man 1962a, b, c, d; Bieras and Sajo 2004).

In most leaves of the cerrado, the vascular system of the
petiole and of the midvein is well developed and formed by
various bundles arranged in arch, circle or triangle. It
usually have the same configuration in the petioles and the
midvein, although in some cases the vascular system of the
petiole split on originating some isolated vascular bundles
adaxially arranged in the midvein region. In most leaves,
the midveins are prominent and dislocated towards the
abaxial face, due to the grouping of bundles in this region.
Although it has not been demonstrated, this great amount
of vascular tissues probably provide a quick movement of
the water to the entire organ since the cerrado leaves are
usually mesophyll size (4,500-18,225 mm?) (Bieras and
Sajo unpublished) and present dense venation (see Sajo and
Rudall 2002; Bieras and Sajo 2004; Reis et al. 2004).
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Sclerified cells in the mesophyll and around the vascular
system are common in the cerrado leaves, as observed for
xerophytic plants (Pyykkoé 1966; Fahn and Cutler 1992).
According to Pyykko (1966), such cells prevent the cellular
collapse of the mesophyll when the leaf loses water.

Different theories have been proposed to explain the
origin of the cerrado based on climatic, anthropic and
pedologic factors (Rizzini 1976). The cerrado seems to
have appeared some time in the Quaternary, between the
Miocene and the Pleistocene, when the recurrent Neo-
tropical aridity favored the expansion of savannas
(Fernandes 2000). With the rainfall reduction and the
consequent forests retraction, only the ecotypes of forest
widely distributed would have contributed to the diversi-
fication of the sclerophyllous vegetations (Rizzini 1997).
The scattered rains that then prevailed would have carried
away huge amounts of exchangeable bases from the soil
surface, increasing its acidity and aluminum concentrations
(Sarmiento 1984). During the Holocene, with the return of
humidity, the leaching process would have increased, thus
favoring the expansion of the cerrado and the retraction of
the mesophytic forests (Furley 1999). Due to vicariant
mechanisms (Rizzini 1971; Heringer et al. 1977), forest
species from the Amazonian and Atlantic basins contrib-
uted to form a rich, complex savanna flora with various
endemisms (Franco 2002). The species occupying this
environment in formation had to adapt first to the humidity
reduction and to the soil acidity and toxicity increase and,
later, to the increase of the frequent fires (Furley 1999).

It therefore seems consistent to think that the soil
participated in the cerrado distribution, as pointed out by
Alvim and Araujo (1952) and by Alvin (1954), since its
plants grow on acid and poor in exchangeable bases
substrata, especially in calcium. In 1958, Arens proposed
the theory of the oligotrophic scleromorphism according
to which the woody species of the cerrado are not sub-
jected to water stress since their deep roots reach the deep
water. So, the plants carry out intense photosynthesis but,
due to the lack of nitrogen and phosphorus, they do not
consume all the carbon produced, which accumulate as
cuticle and thick cell walls, originating scleromorphic
organs. According to Goodland (1971), part of this scle-
romorphism was caused by the toxicity of the aluminum
present in high concentrations in the cerrado soils.
Studying the relationship between the vegetation and the
soil features in different cerrado physiognomies, Lopes
and Cox (1977) concluded that, together, the theories of
the oligotrophic scleromorphism (Arens 1958) and of the
aluminotoxic scleromorphism (Goodland 1971) explain
the cerrado occurrence. Also for Aoki and Santos (1979),
the cerrado occurrence is more related to edaphic than
climatic factors, not only because of its wide distribution
on Brazil, where the rainfall and temperature conditions

are quite variable, but also because forest and cerrado are
found in contact and under the same climate.

According to Veloso (1964), the semideciduous sea-
sonal forest, the cerrado and the caatinga originate from a
same floristic trunk and the dominance of some families in
a given area results from the higher ability of these plants
to support the soil deficiency in water or nutrients.

The fire, a frequent abiotic factor in the cerrado does not
interfere with the quality of soils because, according to
Coutinho (1990), the ashes improve the nutritional content
of the substrata for up to 60 days; however, these nutrients
are not leached to the deeper layers and only benefit her-
baceous plants and subshrubs, which have superficial roots.

Leaf scleromorphism, reported for other vegetations, has
been also interpreted as a result of the soil deficiency. The
scleromorphic features of some succulents from deserts
have been associated to the lack of nitrogen in the soil
(Evenari 1949) and the sclerophyllous plants of the Central
America tolerate low phosphorus levels in the soil by
reducing their protein synthesis and increasing their
quantity of fibers (Loveless 1961). According to Araujo
and Mendonga (1998), specimens of Aldina heterophylla
(Leguminosae) show a marked trend to scleromorphism in
Amazonian regions of “campina aberta”, where the soil is
poor, the light is intense and the temperature is high. The
scleromorphic structures present in some orchids from
the “campinas abertas” of the Amazonian be also related to
the low level of soil fertility (Bonates 1993). Studying the
vegetation of “bana” in Venezuela, Sobrado and Medina
(1980) noted an increase of sclerophylly as a response to
the oligotrophic conditions of the soil and to the broad
fluctuations in the water levels.

As mentioned above, some xeromorphic features (hairy
surfaces, thick coating, stomata limited to the inferior
surface, developed palisade parenchyma, sclerified cells in
the mesophyll and around the vascular bundles, revolute
edges and developed main vascular system) are constant in
the leaves of the woody species of the cerrado (Tables 1,
2). On the other hand, such features are not restricted to the
representative plants of this biome, but usually appear in
the other members of the same families they belong (see
Metcalfe and Chalk 1957). This suggests that the xero-
morphism observed for the cerrado leaves is related to the
evolutionary history of this biome since its first floristic
elements must have faced deficient water conditions as
well as the consequent soil acidity and toxicity. We may
thus infer that the leaf anatomical pattern here observed
was already present in the first elements of the cerrado and
was selected to guarantee the survival of those species in
the new environment. The xeromorphic features present in
those leaves continue nowadays to help the plants pro-
tecting themselves from the different biotic and abiotic
factors they are subjected to.

@ Springer
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