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Leaf anatomy of Araucaria angustifolia (Bertol.) Kuntze (Araucariaceae)
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ABSTRACT - (Leaf anatomy of Araucaria angustifolia (Bertol.) Kuntze (Araucariaceae)). Immature and mature leaves of
juvenile and adult plants of Araucaria angustifolia (Araucariaceae) were observed with the objective of updating the
morphoanatomical data of the leaves of this species, which were restricted to basic descriptions in previous studies. The
observations, made in optical allowed to establish anatomical differences among mature leaves of juvenile and adult plants in
relation to the number of palisade parenchimal layers, the number of compartmented cells and the transfusion tissue development.
Epidermis, the albuminous cells, the phloem, and the transfusion tissue descriptions are in disagreement with the data obtained
data by different authors. The epidermal tissue and the hypodermis differ entirely when the plant is still juvenile, being
inferred that these tissues would soon perform the protection function against mechanical damages and water loss, the vital
characteristics during the first development months of young offspring.
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RESUMO - (Anatomia foliar de Araucaria angustifolia (Bertol.) Kuntze (Araucariaceae)). Foram observadas folhas imaturas
¢ maduras de plantas jovens e adultas de Araucaria angustifolia (Araucariaceae), com o objetivo de atualizar os dados
morfoanatomicos das folhas desta espécie, cujos estudos anteriores se restringiam a descri¢des basicas. As observagdes
efetuadas em microscopia Optica permitiram estabelecer diferengas anatémicas entre folhas maduras de plantas jovens e
adultas, com relagdo ao nimero de camadas do parénquima paligadico, nimero de células compartimentadas e desenvolvimento
do tecido de transfusdo. As descrigdes para a epiderme, células albuminosas, floema ¢ tecido de transfusdo, ndo estdo de
acordo com os dados obtidos por diferentes autores. O tecido epidérmico e hipoderme se diferenciam por completo quando a
planta ainda é jovem, inferindo-se que estes tecidos desempenhariam logo a fungdo de proteg¢do contra danos mecanicos e
perda de agua, caracteristas vitais durante os primeiros meses de estabelecimento da planta jovem.

Palavras-chave - anatomia foliar, Araucaria angustifolia, Araucariaceae

1935, Napp-Zinn 1966). A great part of the leaf
anatomical analysis has addressed the genus Araucaria,
maybe due to the largest number of species within the
family and its phylogenetic importance (Gilmore & Hill
1997, Setoguchi et al. 1998, Stefanovic et al. 1998).
The species Araucaria angustifolia (Bertol.)

Introduction

The anatomical aspects of Araucariaceae family
were already widely studied (Chamberlain 1935, Napp-
Zinn 1966, Vasiliyeva 1969, Burrows 1987), including
both the vegetative and reproductive organs. Nowadays,

the Araucariaceae is constituted by the genera
Araucaria Juss., Agathis Salisb. and Wollemia W.G.
Jones, K.D. Hill & J.M. Allen, for which the adult plant
anatomy has been described (Monteiro et al. 1977, Carr
& Carr 1977, Jones et al. 1995, Burrows & Bullock
1999). Several authors have studied the leaf anatomy
of the genus Araucaria (Seward & Ford 1906, Barsali
1909, Thomson 1914, Vasiliyeva 1969, Monteiro ef al.
1977), including cuticular aspects (Stockey & Taylor
1978), the shoot apex that has been described as
possessing a tunica-corpus organization (Griffith 1952)
and anatomical aspects of the whole plant (Chamberlain
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Kuntze is native of Brazil, Argentina and Paraguay,
largely occurring in the south of Brazil, in the states of
Rio Grande do Sul, Santa Catarina and Parana. Smaller
concentrations are found in the states of Sdo Paulo
(Serra de Paranapiacaba, Campos do Jordao), Rio de
Janeiro, Minas Gerais (Serra da Mantiqueira), and
Espirito Santo (Pico da Bandeira). Additionally, it is
one of the most important Brazilian native forest
essences (Backes 1999).

The main studies of Araucaria angustifolia
involved anatomical aspects of adult plants (Barsali
1909, Vasiliyeva 1969, Stockey & Taylor 1978, Burrows
1987, Marchiori 1996), floristic composition (Reitz &
Klein 1966, Mattos 1994, Backes 1999), seed
development (Ferreira 1977, Ferreira et al. 1979),
reproductive biology (Shimoya 1962) and embryology
(Burlingame 1913, 1914, 1915, Haines & Prakash 1980).
Unfortunately, there is no current information regarding
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anatomy of juvenile plants, since the literature brings
only general descriptions of leaf anatomy (Monteiro
et al. 1977), physiological aspects (Franco & Ferreira
1987, Yamasaki & Dillemburg 1999) or developmented
studies (Gurgel Filho 1959, Ferreira, 1985).

Because of the lack of anatomical studies regarding
the Araucaria angustifolia juvenile plants, and the
imprecise and contradictory data found in the literature,
the anatomy of the leaves of this species was examined
with an emphasis on comparison of juvenile plants,
between the age of two to four months, with adult ones.

The morphoanatomical characteristics of the
immature and mature leaves of this species, adds a
developmental dimension to this study, explanding the
scope of the ontogeny, taxonomy and evolutionary
aspects of this genus.

Material and methods

Collection - Seeds and leaves of adult plants were collected
at the National Forest of Sao Francisco de Paula (Flona), Rio
Grande do Sul, Brazil. The Flona is located between 29°23°
and 29°27’ of south latitude and 50°23” and 50°25’ of west
longitude, northeast of Rio Grande do Sul, in Sdo Francisco
de Paula district. The seeds were cultivated in a seed bed,
and leaves were collected when the juvenile plants reached
the age of two to four months (10 to 21 cm height).
Immature leaves - Four leaves (approximately, 1.5 cm in length)
were collected from each shoot apex of five juvenile plants
and one adult plant; being chosen just those ones between
the 8" and 10" node.

Mature leaves - Four leaves (approximately 3 to 4.5 cm in length)
were collected from the medium portion of the stem of each
five juvenile plant, and from the adult plant’s inferior branches.
Optical microscopy - The material was fixed in glutaraldehyde
1% and paraformaldehyde 4%, washed in phosphate buffer,
pH 7.2 (Gabriel 1982) and dehydrated in ethanol graded series
(Johansen 1940) and chloroform-absolute alcohol series 1:3;
1:1; 3:1 (Purvis et al. 1964). Later, the material was included in
hydroxyethylmethacrylate (Jung-historesin) and sectioned
in a Zeiss Microm HM340E microtome with a glass knife, in 2
pm thickness. The sections were stained with toluidine blue
O (O’Brien & McCully 1981) and analyzed in bright-field and
polarized light (without staining), using a Leitz Dialux 20 EB
and an Zeiss Jena Amplival polarization microscopes,
respectively.

Histochemical tests - Manual sections of fresh material were
accomplished, both in mature and immature leaves of juvenile
plants. The sections were stained with Sudan III (Sass 1951)
for lipid compounds (cutin, suberin); Schiff’s reagent (PAS)
(O’Brien & McCully 1981) for total polysaccharides; Steimetz
modified (Lima 1963) for phenolic compounds and lipids
(universal reactive); phloroglucinol+HCI 20% (Sass 1951) for

lignins of guaiacyl group; ruthenium red (Johansen 1940) for
pectins; and lugol (Johansen 1940) for starch detection.

Results

Anatomy of mature leaves in juvenile plants - Based on
the general histological aspects analysed, the mature
leaves of juvenile plants have a well defined
xeromorphical characteristics, considering the
epidermis outer periclinal walls, the lignified
hypodermis and the palisade parenchyma (figure 1).

The epidermis is unistratified, constituted of
rectangular outline cells in transverse section, and
stretched in paradermal and longitudinal section, with
thicker outer periclinal walls (figures 2, 3).

The stomata, distributed in both leaf sides
(amphistomatic), presents guard cells with very lignified
periclinal walls, located at the same level of the other
epidermal cells. In paradermal sections, it was observed
four to six subsidiary cells enveloping the guard cells
(figure 3).

The hypodermis is constituted by one or two layers
of polygonal cells, in transverse section, with thickened
walls impregnated by lignin and with narrow lumen. The
hypodermis layer, which is contiguous to the epidermis,
is continuous, while the second layer, the one which is
in contact with the palisade parenchyma, does not
present this characteristic, being usually discontinuous
(figures 1, 2). In the leaf margin, this tissue can develop
up to three cell layers (figure 4). In paradermal and
longitudinal sections, this cells are more stretched out
than that ones of the epidermis (not shown).

The palisade parenchyma is stratified and contains
phenolic compounds and many chloroplasts, being more
developed in the adaxial side than in the abaxial one
(figure 1). The spongy parenchyma occupies about 90%
of the mesophyll, also with many chloroplasts. It is
constituted by polygonal cells in transverse section
(figure 1).

Among the cells of the spongy parenchyma, are
compartmented cells (figures 1, 5). These cells have a
great amount of pectic material in their lumen, forming
sometimes a net-like pectic secretion. They are cells of
larger dimensions and high number, comparing to the
other cells of the spongy parenchyma, forming cords
when observed in paradermal and longitudinal sections.
They are distributed in a more abundant way in the
abaxial leaf side, being in contact with the resin canals,
with the endodermis and, sometimes, with the palisade
parenchyma, in the adaxial side. Numerous chloroplasts
were observed (figure 6).
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Figures 1-6. Mature leaves of the juvenile plant. 1. Transverse section of the mature leaf of juvenile plant. 2. Transverse
section of fresh material of the leaf. Detail of the epidermis and outer periclinal cell wall (asterisk). Hypodermal cells presenting
a second discontinuous layer. 3. Paradermal section of the epidermis, presenting a stoma with six subsidiary cells. 4. Transverse
section of fresh material of the leaf. Detail of the leaf margin, presenting hypodermis with three layers. 5. Compartmented cell
presents net-like pectic secretion in cell lumen. 6. Compartmented cell presenting pectinaceous mass and parietal chloroplasts
(arrows). cc = compartmented cell, ep = epidermal cells, h = hypodermal cells, pm = palisade parenchyma, sc = subsidiary
cells, vb = vascular bundle. Bar =10 pm.
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The resin canals are intercalated between the
vascular bundles. However, it was observed many times
the presence of a secretory canal under the central
vascular bundle. The canals are limited by two cells
layers, being the most outer one constituted of larger
cells, with many phenolic compounds; and the most
internal one is constituted by smaller cells, with thinner
walls, forming the secretory epithelium.

There are four to six vascular bundles per leaf,
enveloped by the transfusion tissue and by an
endodermis. The endodermis is scarcely evident and is
constituted by polygonal cells, in transverse section,
slightly prolonged in paradermal section; sometimes with
tannin in cell lumen. The transfusion tissue envelops the
whole vascular bundle; being formed by transfusion
tracheids and parenchyma cells (figure 7). The
transfusion tracheids are shorter cells compared to the
xylem tracheids in paradermal section, present bordered
pits with torus in their walls, and are distributed laterally
to the xylem (figure 8). The number of these cells may
vary among four to six. The transfusion parenchyma is
distributed adaxial and abaxially to the vascular bundle
(figure 7). Parenchyma cells are intercalated with the
lines of conduction elements.

One or two cell layers with thickened walls are

identified, constituting a cap of crushed sieve cells of
the protophloem (figure 7).
Anatomy of the mature leaves in adult plants - The cell
types, present in the mesophyll of adult plants, differ
from juvenile plants only due to the differentiation
degree reached by the different tissues.

In adaxial side, two or three strata of prolonged
cells constitute the palisade parenchyma (figure 9), but
in abaxial side, there are one or two strata of this cells
(not shown).

The spongy parenchyma is restricted to no more
than one third of the mesophyll volume, presenting a
very reduced number of compartmented cells (figure 9).
In maturity, the compartmented cells presents the pectic
secretion, better defined like lamellae (figure 10). The
chloroplasts are absents. There are the differentiation
of about six to seven layers of crushed sieve cells with
very thickened and compressed walls (figure 11).

The transfusion tissue is constituted by a larger
number of transfusion tracheids cells and associated
parenchyma cells (figure 11).

Anatomy of the immature leaves of juvenile and adult
plants - The epidermal cells have large dimensions and
a polygonal shape, with very thick outer periclinal walls
observed in optical microscopy (figures 12, 13). The
mesophyll is not differentiated, being possible to

identify the hypodermis with thin walls and many times
the initiate of secondary walls development; vascular
bundles; resin canals; and compartmented cells in great
number, predominantly located in the abaxial side
(figure 12). It was observed many times the presence
of a secretory canal under the central vascular bundle
(figure 12). The compartmented cells present a secretion
not well-defined like “compartments”.

Polarized light - Immature leaves. Under the polarized
light analysis, the epidermis outer periclinal walls, the
xylem tracheids, and phloem cells showed a strongly
positive anisotropic reaction under polarized light. In
contrast, the hypodermis and other mesophyll cells
showed to be slightly polarized. The compartmented
cells did not show birefringence in their compartments
system (figure 14).

Mature leaves. The epidermis outer periclinal walls,
the hypodermis, the transfusion tracheids, the
transfusion parenchyma, the xylem tracheids, and the
crushed cells below the phloem, showed to be more
birefringent, when compared with the endodermis, the
palisade and spongy parenchyma walls. The
compartmented cells, as in the immature leaves, did
not show birefringence in their compartments system
(figures 15, 16).

Histochemical tests - They were performed to detail
the anatomical characteristics, comparing immature and
mature leaves of the juvenile plants.

Immature leaves (table 1) - The PAS test demonstrated
that total polysaccharides ocurr in all cell wall of the
analysed tissues, staining the compartmented cells
secretion too (compartmented system) and the
chloroplasts of spongy and palisade cells (not shown).
The ruthenium red (pectins) and lugol (starch) tests
detailed the PAS one. It was observed starch ocurrence
only in chloroplasts. The pectins are present in the cell
wall and nuclei of all analysed tissues, and in
compartmented cells secretion. The observed tissues
did not reacted with phloroglucinol + HCl (only guard
cells, not shown in table). Lipid compounds were present
in epidermis outer periclinal wall, showed by the orange
and red staining with Steimetz and Sudan III tests,
respectively.

Mature leaves of juvenile plants (table 2) - Beyond the
cell wall, the compartmented cells secretion and nuclei
reacted with ruthenium red. The lugol test demonstrated
the presence of starch in chloroplasts. The PAS
indicated the presence of polysaccharides already
observed by ruthenium red and lugol. Phenolics
compounds were present in hypodermis cells, palisade
cells lumen, transfusion tracheids and xylem tracheids
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Figures 7-8. Mature leaf of the juvenile plant. 7. Transverse section of the vascular bundle. 8. Paradermal section of the
vascular bundle. on lateral sides to the xylem. Figures 9-11. Mature leaf of the adult plant. 9. Transverse section of the mature
leaf. 10. Compartmented cells (arrows) presenting a well-defined pectic lamellae in the cell lumen. 11. Detail of the vascular
bundle in transverse section, presenting transfusion tracheids, transfusion parenchyma (asterisk) and a cap of crushed phloem
(arrows). Figures 12-13. Immature leaves of the juvenile plant. 12. Transverse section of the leaf. 13. Transverse section of the
fresh material, presenting detail of the epidermis and outer periclinal cell wall (asterisk). cc = compartmented cell, ep = epidermal
cells, end = endodermis, p = phloem, rc = resin canal, pm = palisade parenchyma, tt = transfusion tracheids, vb = vascular
bundle x = xylem. Bar =10 pm.
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Figures 14-16. Immature and mature leaves of the juvenile plant under crossed polarizers. 13. Transverse section of the
immature leaf. 14. Transverse section of the mature leaf. 15. Polarization of the epidermal outer periclinal wall (arrows),
hypodermis, transfusion tracheids and xylem tracheids. cc = compartmented cell, ep = epidermis, h =hypodermis, pm = palisade
parenchyma, tt = transfusion tracheids, x = xylem tracheids, vb = vascular bundle. Bar =10 um.
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Table 1. Histochemical tests in different tissues of the immature leaves (+: presence; —: absent).
Tissues PAS Ruthenium red Lugol Phloroglucinol Steimetz Sudan III
+HCI

Cuticle - - - - + +
Epidermis outer + + - - + +
periclinal wall
Hypodermal cells + + — - - -
(cell wall)
Compartmented cells + + + - - -

cell wall; cell wall; choroplasts

nucleus; nucleus;

choroplasts; secretion

secretion
Transfusion tracheids + + - - - -
(cell wall)
Spongy cells + + + — + -

cell wall; cell wall; choroplasts choroplasts

nucleus; nucleus

chloroplasts

(not shown) by the gold yellow staining with Steimetz
test. The phloroglucinol + HCI test (lignins) allowed
to demonstrate a stronger reaction intensity in the
hypodermis cells of the abaxial leaf side. The lignins
were presents in transfusion tracheids and xylem
tracheids too (not shown), according the phloroglucinol
+ HCI test. This later and Sudan III also indicated the
presence of lipids compounds in epidermis outer
periclinal wall and cuticle by the orange staining.

Discussion

The differences observed between the immature
and mature leaves of juvenile and adult plants, were
characterized mainly by the development of the
hypodermis and palisade parenchyma, number of
compartmented cells, number of thickened and
compressed cells under the phloem, and the
development degree of the transfusion tissue.

It was observed that the epidermis is totally
differentiated, probably in previous stages to the
analyzed ones. In the mature leaves of juvenile and adults
plants, Vasiliyeva (1969) described this tissue as
constituted by cells with non-lignified thick walls,
demonstrated by the lack of reaction to phloroglucinol
test in this paper. Stockey & Ko (1986) in several
studies on the cuticular aspects of the genus Araucaria,
characterized the leaf as having a thick cuticle, with
intercellular flanges in the epidermal cells. However, it

is suggested that the cuticle in 4. angustifolia is very
thin, as it was observed by Vasiliyeva (1969) and verified
through the ruthenium red which demonstrated several
deposits of middle lamella, in the outer periclinal wall,
under the cuticle. Besides, such walls showed a high
birefringence degree, demonstrating cellulose crystalinity,
indicating the presence of a thick epidermal wall for
both, immature and mature leaves. The positive results
with Sudan III, also indicated the presence of lipid
deposits in the outer periclinal and anticlinal walls of
epidermal cells, for immature and mature leaves, many
times confused with the cuticular flanges already
discussed. Another characteristic is that the walls of
the guard cells in the stomata of immature and mature
leaves, when stained with phloroglucinol, showed to be
very lignified (not shown). It can be inferred that this
characteristic would also be related to the water loss
control, because the lignin could be related to guard cells
resistence when they are turgids. This characteristics
are typical for xerophytes (Esau 1965) and the ocurrence
in juvenile plants demonstrate a premature protection to
dry conditions. The ocurrence of guard cells at the same
level of the epidermis, contradicts the xeromorphic
characteristics already described to many conifers, which
had been shown distributed in cavities (Kausik &
Battacharya 1977).

The mature leaves of juvenile plants showed that
the epidermal tissue and the hypodermis are totally
differentiated, like observed in adult ones. It is inferred
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Table 2. Histochemical tests in different tissues of the mature leaves (+: intense; ++ very intense; —: absent).

Tissues PAS Ruthenium red Lugol Phloroglucinol Steimetz Sudan I1I
+HCl
Cuticle - - - - + +
Epidermis outer + + - - + +
periclinal wall
Hypodermal cells + + - + + —
adaxial (cell wall)
Hypodermal cells + + — ++ + —
abaxial (cell wall)
Compartmented cells + + + - - -
(?7)chloroplasts; cell wall; chloroplasts

cell wall; secretion

secretion
Transfusion tracheids + + — + + -
(cell wall)
Palisade cells + + + — + —

cell wall cell wall chloroplasts lumen

nucleus nucleus

chloroplasts

Spongy cells + + + — + —

cell wall; cell wall; chloroplasts chloroplasts

nucleus nucleus

chloroplasts

that these tissues would soon perform to protection
function against mechanical damages and water loss,
the vital characteristics during the first development
months of young offspring.

It was observed that the lignin deposition is first
verified in the abaxial side of the juvenile plants mature
leaves. The reason and function of this intense
deposition on the abaxial side is still unknown. Monteiro
et al. (1977), observed the formation of four to five
layers of hypodermal lignified cells in the leaf margin,
while in the analyzed material, in immature and mature
leaves, no more than three layers of this tissue were
observed, as Barsali (1909) had already described.

In the immature leaves the palisade parenchyma is
not differentiated yet. In the mature leaves of juvenile
plants, this tissue is less developed, when compared to
adult individuals. According to Monteiro et al. (1977),
when analyzing one years-old Araucaria angustifolia
plants, they observed that the palisade parenchyma
would be present only in a simple layer on the adaxial
side. These results conflicted with the material in study,
where the mature leaves of juvenile plants of four mont
age, already had a palisade parenchyma, also in the
abaxial side, although less developed in relation to the
adaxial one. In the adult plants, we observed the
existence of this tissue in both sides already described

for Araucaria and Podocarpus by Esau (1965) and
with phenolic compounds in cell lumina. Barsali (1909)
denominated this palisade tissue, less developed in the
abaxial side, as pseudo-palisade, once the cells presented
an ovoid-conical shape, differing from the palisade
shape of the adaxial side. These observations seem to
be characteristic of juvenile plants, although in his work,
the age of the analyzed material has not been specified.

The number of compartmented cells among the
mature and immature leaves of juvenile plants were
similar, being observed a decrease in the adult plant
mature leaves. Only Barsali (1909), Vasiliyeva (1969),
Monteiro et al. (1977) and Bamber et al. (1978),
described and/or mentioned the presence of the
compartmented cells in the spongy parenchyma,
differentiating them from the cells of this tissue and,
even, characterizing them as another tissue, like
Monteiro et al. (1977). However, Bamber ef al. (1978)
called them “compartmented cells” because these cells
presents a system of partitions forming numerous
“compartments” within the cell. The term
“compartments” could be not appropriate, suggesting
to be just a pectic secretion or pectic lamellae. The
presence of pectic compounds had already been
described by Bamber et al. (1978) and confirmed in
this study by the ruthenium red. This kind of cells were



Revista Brasil. Bot., V.26, n.3, p.343-353, jul.-set. 2003 351

also observed in the genus Wollemia of this family
(Burrows & Bullock 1999).

In the mature leaves of adult plants the transfusion
tissue had showed an increase in number of transfusion
tracheids. This kind of tissue is probably originated from
pericycle cells present in the internal side of
endodermis, surrounding the vascular bundles of
immature leaves. These cells, after successive divisions,
are induced to differentiate, due to topographic matters,
in transfusion tracheids, located beside the xylem. In
general, the pericycle is described like parenchyma cells
or “phloem fibers”, but Altamura et al. (1998),
observing the development of a sheath surrounding
phloem and xylem in tobacco leaf explants, cultured in
vitro, relationed them like pericycle cells. Besides, it
also happens the maintenance of differentiated
parenchyma cells around the vascular bundle.

The aliform distribution of transfusion tracheids on
the xylem, is in agreement with the proposal made by
Hu & Yao (1981), who classified it as being of the
Araucaria type, being found in Agathis, Araucaria and
Podocarpus imbricatus. These authors do not consider
the distribution of the transfusion parenchyma which
occurs both in the adaxial side and in the abaxial side of
the vascular bundle, as Kausik & Battacharya (1977)
compare, in opposition to Esau (1965) who describes its
occurrence only in the abaxial side of the bundle.

According to several authors (Ghouse 1973, Ghouse
& Yunus 1975, Kausik 1976, Kausik & Battacharya
1977, Hu & Yao 1981) the transfusion tissue is composed
by three kinds of cells: transfusion tracheids,
parenchyma cells and albuminous cells. However, the
descriptions made by these authors to the albuminous
cells seem to be wrong, once they point them as located
adjacent to the phloem, confined to the base of the
transfusion tracheids archs. In fact, the albuminous cells
constituted part of the phloem, having its origin in the
axial and radial system and with a function similar to
the companion cells of the sieve elements of the
angiosperms (Esau 1969). The observations made in
the Araucaria angustifolia seem to be in agreement
with Esau (1965), who suggested only the existence of
transfusion tracheids and parenchyma cells in the
transfusion tissue.

Considering the transfusion tracheids of the
analysed Araucaria angustifolia, the wall differentiation
result in bordered pits with torus. However, Esau (1965)
described that the transfusion tracheids possesses
lignified walls and bordered pits. In the specialized
literature it was also discussed the occurrence of spiral

thickeness, in the Araucaria type, according to Hu &
Yao (1981). This kind of wall thickeness was not
observed in the analysed material.

In spite of the endodermis had not shown the usual
characteristics observed in Pinaceae (Esau 1965,
Mauseth 1988, Fahn 1990), its topographic position
allowed to identify it, in a precise way, in Araucaria
angustifolia.

Finally, the reduced number of leaf resin canals
has already been mentioned by Monteiro et al. (1977),
as well as its distribution intercalated with the vascular
bundles mentioned by Barsali (1909), Vasiliyeva (1969)
and Suzuki (1979). However, the occurrence of a resin
canal under the vascular bundle, as it was reported in
this paper, had not been suggested yet, been a new
record to the knowledge of Araucaria.

Most of the leaves anatomical characteristics, in
juvenile and adult plants confirmed the previous
observations accomplished to the genus Araucaria.
However, some structures like the epidermis outer
periclinal walls, albuminous cells, phloem and
transfusion tissue (originated from pericycle), would
deserve a better detailing, having in mind conflicts
among different authors.

The results are clear in relation to anatomical
differences between juvenile and adult plants (mature
leaves), and these descriptions can be useful for
recognize them at the forest.

From the biogeographical point of view, the
Araucariaceae are one of the most interesting families
with primarily Southern Hemisphere distribution. The
family consists of three well-defined genera (4raucaria,
Agathis and Wollemia), which Araucaria genus enclose
19 species sensu de Laubenfels (1988). Few features
are available to separate Araucaria from Agathis and
Wollemia. Apparently, the most definitive of these
characters are the presence or absence of
compartmented cells (absence in Agathis), followed by
hypodermal fibres distribution (a continuous layer in
Araucaria and Wollemia) and whether stomata are
present on both leaf surfaces (most Agathis species are
hypostomatic, but Araucaria and Wollemia species are
amphistomatic). The leaf anatomy of Wollemia has
greater similarity to Araucaria than to Agathis (Burrows
& Bullock 1999), however two molecular studies
demonstrated that Wollemia has a closer relationship to
Agathis than to Araucaria (Gilmore & Hill 1997,
Stefanovic et al. 1998). In contrast, Setoguchi et al.
(1998) described that Wollemia derived first and then
Agathis and Araucaria.
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