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VARIABILITY OF VESSEL CHARACTERISTICS IN THE XYLEM OF 
ILEX PARAGUARIENSIS (MATÉ-TREE) FROM SOUTH BRAZIL

Oliver Dünisch1,2, Carlos Bruno Reissmann2 & Afonso Oliszeski3

SUMMARY

In this study the wood anatomy of two leaf-morphotypes (“Yellow” 
and “Grey”) of Ilex paraguariensis St. Hil. (Aquifoliaceae) from South 
Brazil was compared with special attention to vessel attributes and a pos-
sible relationship of leaf morphology and wood structure. Sampling was 
carried out in a 15-year-old plantation in the state of Paraná, South Brazil. 
The anatomy of the juvenile and mature wood of five male and five female 
plants of each morphotype was investigated by light microscopy. In all 
plants the increment and the proportion of vessels decreased from pith 
to cambium, while vessel element length increased. Plants of the mor-
photype “Grey” had shorter vessel members (157–382 μm) and a lower 
number of bars per perforation plate (14–15) compared to the plants of 
the morphotype “Yellow” (vessel member length: 304–567 μm, bars: 
22–24). No significant differences were found between the wood of male 
and female plants.

Key words: Leaf morphology, wood formation, juvenile wood, Ilex para-
guariensis St. Hil.

INTRODUCTION

Maté-tea produced from leaves and young branches of Ilex paraguariensis St. Hil. is 
an important non-wood forest product in South Brazil as well as in parts of Argentina 
and Paraguay. Ilex paraguariensis is naturally distributed between 22° and 30° south 
latitude and between 48° and 56° west longitude (Oliveira & Rotta 1995). The maté-tree 
prefers altitudes between 400 and 1800 m above sea level with an annual precipitation 
between 1100 and 2300 mm (Carvalho 1994). The leaves of Ilex paraguariensis show 
a high morphological and anatomical variability and at least two native morphotypes 
named “Yellow” and “Grey” have been recognized in Brazil (Coelho et al. 2002). 
Scherer et al. (2002) showed that the chemical composition of the leaves of Ilex para-
guariensis also varies strongly between individual plants. Although there are some 
attempts to classify plants of the genus Ilex, and in particular plants of the species 
Ilex paraguariensis according to their morphological (Loesener 1942) and chemical 
(Martinez et al. 1997; Valduga et al. 1997; Scherer et al. 2002) characteristics, the knowl-
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edge about the relationship between genetic factors and the plant phenotype is still 
restricted. In addition the relationship between the phenotype, the ecology, and the prop-
erties of the maté is not completely understood, although this information is needed 
for the selection of seed provenances and the improvement of the properties of the 
product (maté).
    In most recent studies characteristics of the leaves were selected to divide the genus 
Ilex into sections and to identify morphotypes within the species Ilex paraguariensis, 
respectively. Although studies by Baas (1973) and Richter and Dallwitz (2000) showed 
that the anatomy of the xylem of Ilex paraguariensis is very variable, no information 
on the relationship between the characteristics of the leaves and the wood structure is 
available.
    Investigations of Britez et al. (1997) indicate a relationship between the sex of the 
plant and the ecological behaviour of Ilex paraguariensis, but information on the wood 
anatomy of male and female plants is missing. Most of the descriptions of the wood 
anatomy of Ilex paraguariensis are based on investigations carried out with old plants 
or experimental plants of unknown age or sex. The structure of juvenile wood shows 
significant differences compared to mature wood (Brazier 1985; Zobel 1985; Zobel & 
Sprague 1998) indicating the need to select trees of a defined age for the comparison 
of the wood anatomy of plant individuals.
    Therefore in this study the wood anatomy of two morphotypes of Ilex paraguariensis 
(Aquifoliaceae) from South Brazil was compared with special attention to vessel at-
tributes and a possible relationship between leaf morphology, the sex of the plant, tree 
age, and wood structure.

MATERIAL AND METHODS

Study sites and tree selection
    For the study a 15-year-old plantation of Ilex paraguariensis St. Hil. (1245 plants) 
was selected. The study site is located at the Fazenda Bitumirim in the state of Paraná, 
Brazil (25° 15' S, 50° 45' W, 870 m above sea level). The annual precipitation is about 
1,570 mm and the mean air temperature is 19.1 °C. July and August are the driest and 
coldest months of the year with a monthly precipitation of about 70 and 100 mm and a 
mean air temperature of about 15 °C, respectively. The soil is an acid oxisol (“Latos-
solo Vermelho Escuro Álico”, EMBRAPA-SNLS 1984) with a low cation exchange 
capacity.
    For the study two morphotypes of Ilex paraguariensis were selected, which are 
considered to be native in that region. The leaves of the morphotype “Yellow” have a 
yellow-green colour, while the leaves of the morphotype “Grey” are grey-green (for 
a detailed description of the leaf morphology of the two morphotypes see Reissmann 
et al. 2003). Five male and five female plants of each morphotype were selected, which 
were not used for the production of maté (seed trees, tree selected for the conservation 
of native gene resources) in order to avoid an impact of the repeated cutting of the 
twigs for maté harvest on wood formation of the plants. From all 20 plants (5 (plants) × 
2 (sex) × 2 (morphotypes)) stem discs were sampled at breast height (1.3 m). The breast 
height diameter of the 15-year-old plants varied between 4.38 and 8.72 cm (Table 1).
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Microscopical characteristics and width of increment zones
    The width of the increment zones was measured on the discs on the north, south, east 
and west radius with an eye piece micrometer. From all samples microtome sections 
(Reichert, Austria; section thickness: 15 μm) were prepared from the pith to the cambium 
in the three standard anatomical directions. The sections were stained with safranine/
astrablue, Lugolʼs solution, and sudan III/IV (Romeis 1968).
    The cross sections were used to determine the percentage of cell type and the radial 
and tangential diameter of the vessels. The percentage of cell type was obtained by 
means of an integration ocular lens (Leucodiff: Höster & Spring 1971). For the quanti-
fication of the percentage of cell type 400 spots each per increment zone were analysed. 
The diameter of the vessels was measured directly in the microscope (Axioskop MC 
80 Zeiss, Germany) with an eye piece micrometer (240 measurements per increment 
zone).
    The number of bars per vessel perforation plate was counted in the radial sections 
(Fig. 1b, 80 measurements per mm radius, 4 radii per disc). The length of the vessel 
members was determined after maceration (Jeffrey solution) of small samples (repre-
senting approx. 2 mm of the stem radius) prepared along the 4 radii of the discs. The 
length of 60 vessel members was measured in each fraction by means of an image 
analyzer (SigmaScanPro).

Table 1. Characteristics of the plants selected at the study site “Bitumirim”, state of Paraná, 
Brazil (25° 15' S, 50° 45' W). BHD = breast height diameter (1.3 m).

  Tree No. Morphotype Sex Tree age (years) BHD (cm)

       1 “Yellow” Male 15 6.32
       2 “Yellow” Male 15 5.49
       3 “Yellow” Male 15 5.73
       4 “Yellow” Male 15 7.25
       5 “Yellow” Male 15 6.32
       6 “Yellow” Female 15 4.38
       7 “Yellow” Female 15 5.79
       8 “Yellow” Female 15 6.04
       9 “Yellow” Female 15 5.76
     10 “Yellow” Female 15 5.91
     11 “Grey” Male 15 6.09
     12 “Grey” Male 15 8.72
     13 “Grey” Male 15 7.02
     14 “Grey” Male 15 5.33
     15 “Grey” Male 15 5.48
     16 “Grey” Female 15 6.04
     17 “Grey” Female 15 5.18
     18 “Grey” Female 15 6.32
     19 “Grey” Female 15 6.09
     20 “Grey” Female 15 7.01
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Fig. 1. Xylem of Ilex para-
guariensis (tree no. 1):

a:  cross section
b:  radial section 
c:  tangential section

Scale bars = 100 μm.
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Statistical analysis
    The mean value and the standard deviation of each parameter were calculated. The 
significance of differences between morphotypes, male and female plants, and juvenile 
and adult plants was assessed by ANOVA at p ≤ 0.05 by Fisherʼs F-test. In order to 
identify age trends in wood anatomical characteristics, linear and logarithmic regres-
sions were calculated for each parameter. Significant relationships between age and 
the anatomical parameters were used to define to a certain level the juvenile and the 
adult phase of wood formation. If the increase of the regression curve between the tree 
age and the anatomical parameter varied between -0.1 and +0.1 this parameter was 
considered to be characteristic for mature wood.

RESULTS

Anatomical characteristics of the xylem of Ilex paraguariensis
    The primary xylem of all samples was intact and a high portion of the parenchyma 
cells contained dark staining compounds. Particularly a high content of such compounds 
was found in the region of the leaf traces and in the transition zone from primary to 
secondary xylem.
    In the secondary xylem of all plants increment zones were present. In 17 out of the 
20 experimental plants the number of increment zones was in agreement with the age 
of the trees, indicating that the formation of increment zones in the xylem of these 
plants was annual. (Table 1). No significant differences of the percentile composition 
of vessels (25 ± 4%), fibre tracheids (43 ± 5%), axial (11 ± 3%) and ray parenchyma 
(21 ± 4%) were found between the two morphotypes and between male and female 
plants. The distribution of the vessels within the xylem of the samples was diffuse 
(Fig. 1a). The perforation plates of the vessels were scalariform (Fig. 1b). The fibre 
tracheids were thin-walled. The apotracheal axial parenchyma was diffuse in the xylem 
of all samples. The rays of all samples showed a high variability in terms of size and ana-
tomical structure. The mean height of the rays was 473 ± 126 μm. Unseriate rays were 
composed exclusively of upright cells, while multiseriate rays (width 2–17 cells) were 
composed of procumbent central cells and square to upright marginal cells. In procum-
bent and upright cells dark staining compounds and crystals of Ca-oxalate were present 
(chemical structure of the dark staining compounds was not identified, Fig. 1c).

Influence of the tree age and the sex on the vessel characteristics of the morphotypes 
“Yellow” and “Grey” of Ilex paraguariensis
    In all plants studied the transition from juvenile to adult growth was expressed in 
terms of mean annual increment, vessel portion, and vessel member length. A strong 
decrease of annual increment and vessel portion was observed within the first 2 to 3 
years of life of the plants (representing the xylem 0–6 mm distant from the pith), while 
later the decrease was more moderate (Table 2, Fig. 2). In contrast the length of the 
vessel members increased with increasing tree age (Table 2, Fig. 3). This indicates that 
to a certain level the transition from juvenile to mature wood occurred in the plants 
after 2 to 3 years. Within the 15-year-old plants no age trend was found in the diameter 
of the vessels and in the number of bars per perforation plate.
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    Neither in juvenile nor in the mature wood significant differences in growth and vessel 
characteristics were found between the male and the female plants (Table 2). During the 
juvenile phase of growth the annual increment of the plants of the morphotype “Grey” 
exceeded the annual increment of the plants of the morphotype “Yellow”. In contrast, in 
adult trees no differences in increment were found between plants of the two morpho-

Table 2. Annual increment (mm), vessel portion (%), vessel member length (μm), vessel 
diameter (μm), and number of vessel bars per perforation plate of male and female plants of 
the morphotypes “Yellow” and “Grey” of Ilex paraguariensis. Mean value ± standard devi-
ation. Values followed by different letters differ significantly at p < 0.05 (Fisherʼs F-test).

 Parameter                                                               Morphotype “Yellow”  Morphotype “Grey”

                                                                                Male Female Male Female

 Annual increment juvenile growth (mm)         2.49 ± 0.55a 2.73 ± 0.49a 4.40 ± 0.78c 3.81 ± 0.57c

 Annual incement adult rowth (mm)                 1.84 ± 0.32b 1.61 ± 0.32b 1.52 ± 0.36b 1.53 ± 0.24b

 Vessel portion juvenile growth (%)                      29 ± 3a 28 ± 5a 27 ± 4a 28 ± 5a

 Vessel portion adult growth (%)                          23 ± 3b 20 ± 4b 18 ± 4b 21 ± 3b

 Vessel member length juvenile growth (μm)     359 ± 73a 304 ± 103a 157 ± 58c 218 ± 93c

 Vessel member length adult growth (μm)        567 ± 151b 519 ± 119b 341 ± 81a 382 ± 118a

 
 Vessel diameter (μm)                                            50 ± 7a 45 ± 5a 50 ± 11a 43 ± 7a

 Number of vessel bars per perforation plate         22 ± 3a 24 ± 2a 15 ± 2b 14 ± 2b

1     2    3     4     5   6    7    8   9    10    11     12         13       14  15
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Fig. 2. Vessel portion (%) from the pith to the cambium in the xylem of 15-year-old Ilex para-
guariensis (tree no. 1).
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types. In the xylem of the morphotype “Yellow” the mean length of the vessel members 
varied between 304 μm (juvenile wood) and 567 μm (mature wood), while in the xylem 
of the morphotype “Grey” the mean length of the vessel members was only 157 μm 
(juvenile wood) to 382 μm (mature wood). Beside the reduced length of the vessel 
members, a lower number of bars per perforation plate was apparent in plants of the 
morphotype “Grey” compared to plants of the morphotype “Yellow”.

DISCUSSION

For the study of the variability of vessel characteristics in the xylem of Ilex paraguar-
iensis plants from two leaf-morphotypes (“Yellow”and “Grey”) were selected. Inves-
tigations of Reissmann et al. (1999) and inheritance studies of Scherer et al. (2002) 
indicate that the species can be divided into at least eight groups. Consequently the 
selected plants did not represent the entire variability of wood anatomical character-
istics, which can be expected within the species. Therefore the investigation has to be 
considered to be a case study on the relationship between leaf characteristics and wood 
anatomical features of two phenotypes, which are well recognized as distinct varieties 
for maté production.
    The anatomical characteristics of Ilex paraguariensis found in our study correspond 
to results obtained for old-growth of Ilex paraguariensis published by Baas (1973, 
1975) and Richter and Dallwitz (2000). For Ilex paraguariensis the transition from 
juvenile to mature wood was not yet described, although investigations of Baas (1973) 
indicated that juvenile wood formation in species of Ilex is restricted to the innermost 
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Fig. 3. Vessel member length (μm) from the pith to the cambium in the xylem of 15-year-old Ilex 
paraguariensis (tree no. 1).
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millimetres of the stem. In agreement with the results of this study the transition from 
juvenile wood to mature wood formation to a certain level occurred after two to three 
years of growth, although there was still a tendency for decreasing vessel portion and 
increasing vessel member length with increasing age in older plants. During the phase 
of juvenile wood formation a higher increment and a higher portion of vessels were 
found than during the phase of adult wood formation, while the length of the vessel 
members was reduced. In contrast to observations from Ohbayashi and Shiokura (1989) 
and Zobel and Jett (1995) on other tree species, the diameter of the vessels did not in-
crease from the juvenile to the adult phase of growth in Ilex paraguariensis. In addition 
the diameter of the vessels showed a very low variability indicating that, in contrast 
to observations of Sass and Eckstein (1995) on Fagus silvatica, the vessel diameter in 
Ilex paraguariensis is not strongly affected by tree age and exogenous factors.
    In plants grown in the same plantation, during the juvenile phase of growth as well 
as during the adult phase of growth the vessel member length and the number of ves-
sel bars per perforation plate was lower in the xylem of the morphotype “Grey” than 
in the xylem of the morphotype “Yellow”. This indicates that the differences in the 
vessel characteristics between the two leaf morphotypes are probably due to genetic 
differences of the plants. In agreement with this result Leal et al. (2003) also found a 
significant influence of genetic factors on the vessel characteristics of 17 clones of Euca-
lyptus globulus. Although ecological studies of Britez et al. (1997) showed that male 
and female plants of Ilex paraguariensis to a certain extend respond in a different 
manner to exogenous input, our results gave no evidence for a link between the sex of 
the plants and their wood anatomical characteristics. This shows that further studies 
on the gene expression in Ilex paraguariensis are needed to understand the formation 
of varieties within this species (Dinwoodie 1963; Zampier 2001).
    On the other hand, in ecological studies vessel characteristics of higher plants are 
predominately discussed in relation to climatic factors. Investigations of Baas (1973) 
showed that within the genus Ilex the vessel element length and the number of bars de-
creased with increasing distance from the equator and increasing altitude. In agreement 
with investigations of Novruzova (1968) and Carlquist (1970) shorter vessel elements 
and a lower number of bars per perforation are interpreted as adaptations to drier/colder 
conditions. Data of the soil water content (measured under the 1245 plants) and the 
distribution of the two morphotypes within the plantation showed that 63% of the plants 
grown on the drier micro-sites are of the morphotype “Grey”, while 91% of the plants 
grown on the wetter sites are of the morphotype “Yellow” (Reissmann unpublished). 
In addition ongoing measurements of the xylem sap flow and the leaf water potential 
of the two morphotypes indicate a stronger impact of drought on the water supply 
of the plants of the morphotype “Yellow” compared to the plants of the morphotype 
“Grey”. These preliminary results are in agreement with the observation that plants of 
the morphotype “Yellow” are more frequent at sites of lower altitude with higher pre-
cipitation (Coelho et al. 2002). In this context our observations on the wood anatomy 
of the two morphotypes gave evidence for a better adaptation of the “Grey”-type to 
drier sites. Consequently plants of the “Grey”-type showed a higher increment during 
the juvenile phase of growth compared to the plants of the “Yellow”-type. Drought 
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stress especially during short dry periods is more likely in younger plants due to their 
more superficial root system compared to older plants (in short dry periods desiccation 
of the upper soil layer, while in deeper soil layers the water content remains relatively 
high).
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