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Abstract

This paper presents the preliminary results of phytolith analyses of a peat located in the cerrado of the Uberaba municipality,

State of Minas Gerais, Brazil. The phytolith soil sequence is discussed by comparison with phytolith assemblages extracted from

dominant plants (Cyperaceae and Poaceae). Increasing mean age of phytolith assemblages with depth is assumed. Poaceae

Cuneiform bulliform cell, Parallelepiped bulliform cell and Elongate smooth long cell types dominate up to 80 cm, rapidly drop to

42% at 80 cm and regularly decrease from 42% to 2% upwards. Cyperaceae Rondel concave type shows the inverse trend, being

dominant in the upper part of the profile. This pattern can be assigned to increasing selective dissolution of the Cyperaceae

phytolith type with depth, or/and to a decrease of water stress suffered by the grasses, leading to a decrease of bulliform cell

silicification. Soil processes and paleo-environmental changes hypotheses are discussed.

D 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Absorbed in its soluble form by plant roots, silicon

is incorporated into aerial tissue cells as micrometer-

sized opal particles called phytoliths. These phytoliths

are freed by degradation of the burlap organic matter

and can be transferred to the soil or be dispersed in air

or water (Bartoli and Wilding, 1980; Piperno, 1988;

Alexandre et al., 1997). Because phytoliths are rela-

tively stable in soils for thousands of years, they can

give information on vegetation changes and pedogenic
0375-6742/$ - see front matter D 2005 Elsevier B.V. All rights reserved.
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processes during the Quaternary (e.g. Piperno and

Becker, 1996; Fredlund and Tieszen, 1997; Alexandre

et al., 1997; Delhon et al., 2003; Piperno and Jones,

2003).

Tropical peatlands represent repositories of Si and

Al, that, together with variable amounts of other ele-

ments, can provide the prime material for silicate neo-

formation during later diagenetic processes (Wüst and

Bustin, 2003). Wüst and Bustin (2003) showed that in

acid peat accumulating environments, most of silica

neoformed minerals may originate from biogenic silica

and especially phytoliths.

This study focuses on a peat profile of the

Uberaba plateau (Minas Gerais-Brazil, 19823V91VVS,
48854V96vW) covered by the cerrado. A preliminary
ation xx (2005) xxx–xxx
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14C dating of the bulk organic matter shows that the

base of the peat formed 27500F900 years ago (Kir-

man et al., 2002). The present work gives a comparison

between the sequence of phytolith assemblages ex-

tracted from the peat and phytolith assemblages ex-

tracted from the leaves of the main hydromorphic field

plants. Preliminary hypothesis on phytolith dissolution

and/or paleoenvironmental changes responsible of the

phytolith sequence at the studied site, as well as con-

sequences on pedogenesis are discussed.

2. Material and methods

The study area belongs to the cerrado biome, more

specifically to the bearthmound fieldsQ, which are

floodplain grasslands typical of Central Brazil. They

are morphologically characterized by convex, rounded

elevations scattered in a hydromorphic field. The cli-

mate of the region is defined as Köppen’s Savanna

Subtype (Aw), with rainy summers (November–

March) and dry winters (May–September). The mean

annual temperature is 22 8C. The study area is located

in a zone with an average annual rainfall of over 300

mm. The Yellow-reddish (5YR 6/6 Munsell table)

Latosol has developed on the Earthmounds and

Humic Gleysol or peats has developed in hydromor-

phic areas.

Eleven samples at different depths (in m: JP 120–

130, JP 110–120, JP 100–110, JP 90–100, JP 80–90,

JP 70–80, JP 50–60, JP 40–50, JP 30–40, JP 20–30,

JP 10–20) of the peat profile were collected from an

area of clay exploitation. The leaves of five samples

of the dominant plants in the area were collected for

analyses: Rynchospora emaciata (Cyperaceae), one

Poaceae (undetermined species), Xyris sp. (Xyrida-

ceae), Paepalanthus sp. (Eriocaulaceae) and Bac-

charis sp. (Asteraceae). Phytolith extraction followed

Kelly’s (1999) recommendations. For morphologic

analysis under optical microscope, each extracted frac-

tion was mounted in glycerol and Canada Balsam.

Identification and taxonomic origin of the different

types was based on the classifications of Twiss et

al. (1969), Twiss (1992), Mulholland (1986), Mulhol-

land and Rapp (1992), Fredlund and Tieszen (1994)

and Bremond et al. (2005). Naming follows the In-

ternational Code for Phytolith Nomenclature (ICPN

Working Group et al., 2005).

For each section, more than 200 classified phyto-

liths with a diameter larger than 5 Am were studied

under S.E.M. and counted under optical microscope

(600� magnification). Classified phytoliths were di-

vided into the following groups and their abundance
is expressed in percentage of the sum of classified

types:

(1) Cuneiform bulliform cell, parallelepiped bulli-

form cell, elongated smooth long cell types

(40–200 Am in size) are produced by Poaceae

(e.g. Kondo et al., 1994).

(2) Bilobate short cell, cylindrical polylobate, cross

and acicular hair cell are produced by Poaceae

(e.g. Mulholland, 1989).

(3) Papillae-type is produced by Cyperaceae (e.g.

Wallis, 2003). Although the Rondel type is com-

monly attributed to Poaceae, we identified inside

the leaf of the dominant Cyperaceae (R. ema-

ciata) a Rondel concave type which differs

from the Poaceae Rondel type because signifi-

cantly dorsally and ventrally more concave. This

type is actually conical with oblong and concave

ventral and dorsal faces.

(4) Globular granulate and cylindrical sulcate tracheid

types are attributed to dicotyledons (Scurfield et

al., 1974; Kondo et al., 1994; Stromberg, 2004).

(5) Globular echinate type is produced by Palmae

(e.g. Kondo et al., 1994).

Phytoliths without identifiable shape were counted

and labeled as non-classified phytoliths.

3. Results and discussion

3.1. Phytolith assemblages extracted from leaves

Phytolith types of the leaves of R. emaciata (Cyper-

aceae), which is the plant that covers ca. 90% of the

hydromorphic field, are dominated by the Cyperaceae

rondel concave type (96% of classified phytoliths). The

papillae type accounts only for 2.5% and of the elon-

gated smooth long cell type for 1.5% (Fig. 1).

The dominant Poaceae presents ca. 82% of the bilo-

bate type; 14.1% of the Poaceae rondel type; 1.8% of

the elongated smooth long cell type; 1.3% of the cune-

iform bulliform cell type; 0.88% of the acicular hair cell

type and 0.44% of the cylindrical polylobate type.

No classified phytoliths were found in the leaves of

Xyris sp., Paepalanthus sp., and Baccharis sp.

3.2. Phytolith assemblages from the peat

Unclassified phytoliths increase regularly with depth

(Fig. 2) as well as abundance of dissolution pits, espe-

cially on the cuneiform cell, parallelepiped bulliform cell

and elongated smooth long cell types surfaces. This
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Fig. 1. Phytolith assemblages extracted from leaves of Poaceae (undetermined species) and Cyperaceae (Rhynchospora emaciata) from Uberaba

plateau (MG, Brazil).
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result indicates an increase of phytolith weathering with

depth which also indicates an increase of their mean

residence time (or mean age) with depth (e.g. Alexandre

et al., 1999). Increasing mean age of phytolith assem-

blages with depth may be explained by two processes:

(1) accumulation of organic layers slowly recycled and

with high contents of phytoliths and (2) translocation of

phytoliths from the top to the bottom of the profile,

mainly due to bioturbation (Alexandre et al., 1997).

The globular echinate type occurs in a small amount

at all levels (Fig. 3). Typical of the Palmae family, its

occurrence in upper layers is in agreement with the

current vegetation: the speciesMauritia flexuosa (buriti)

is the dominant species in the palm swamp that surround

the hydromorphic field and a dwarf palm, Buthia leios-

patha frequently occurs on the earthmounds.

The Globular granulate type, typical of ligneous

dicotyledons also occurs in small amounts along the

soil profile. Its occurrence in upper layers is linked to

the earthmounds that are true habitat islands capable of

bearing woody plants typical of the cerrado.
Fig. 2. Unclassified phytolith. Abundance in
Despite the dominance of the species R. emaciata

(Cyperaceae) in the study area, the Papillae type (char-

acteristic of this family) can’t be recovered from the

soil. This type is subject to rapid dissolution and/or

fragmentation (Alexandre et al., 1998).

Obvious trends in abundances of the dominant phy-

tolith types from the bottom to the top of the humic

horizon are displayed in Fig. 3: the fraction of Poaceae

cuneiform bulliform cell, parallelepiped bulliform cell

and elongated smooth long cell types is stable between

94% and 70% of the classified phytolith types below 80

cm, rapidly drops to 42% at 80 cm and regularly

decreases from 42% to 2% upwards. Inversely the

Cyperaceae rondel concave type is stable between 5%

and 29% below 80 cm, rapidly reaches 50% at 80 cm

and regularly increases up to 94% upwards. The in-

creasing trend of the Cyperaceae phytolith type can be

assigned to an increasing selective dissolution of this

type with depth or/and to a gradual vegetation change

from a Poaceae-dominated cover to a Cyperaceae-dom-

inated cover. However the lack of trend in the Poaceae
% of the sum of counted phytoliths.
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Fig. 3. Phytolith assemblages from the studied peat. Abundances in % of counted classified types.
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Polylobate type abundance argues against this second

hypothesis.

Bremond et al. (2005) demonstrated that, for Af-

rican grasslands, increasing silicification of the Poa-

ceae bulliform cells is clearly linked to increasing

water stress suffered by the Poaceae. Thus, following

this idea, a third hypothesis for interpreting the phy-

tolith sequence is that the dominance of Poaceae

Cuneiform bulliform cell and Parallelepiped bulliform

cell-types below 80 cm and their decrease upwards is

related to the high water stress suffered by Poaceae in

a first period (recorded up to 80 cm), followed by the

decrease of this water stress in a second period.

Decreasing water stress may be related to a decrease

of the amplitude of the soil hydration/dehydration

successions.

4. Conclusion–perspectives

Comparing phytolith assemblages obtained from the

modern dominating plants, and phytolith sequence

obtained from the peat profile leads to the following

indications: Cyperaceae dominating the current vegeta-

tion is today the main phytolith-producer. The related

small phytolith type, dominant in the 80 upper cm may

have been gradually dissolved with time leading to the

dominance of bigger Poaceae types in the lower profile.

This scenario would argue in favor of a significant flow

of dissolved silica produced by phytoliths in the peat,

and available for silicate neoformation as already sug-

gested by Wüst and Bustin (2003) for a Malaysian peat.

However, further investigations on phytolith concentra-
tion and soil characteristics are needed to assess this

hypothesis, which does not involve any paleo-environ-

mental changes.

A second scenario involves a decrease of phytolith

production due to a decrease in water stress suffered by

grasses with time, which is to be linked to a decrease of

the amplitude of the soil hydration/dehydration succes-

sions. This pattern may involve a change in soil hydro-

morphy associated to local or regional hydrological

changes.
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Wüst, R.A.J., Bustin, R.M., 2003. Opaline and Al–Si phytoliths from

a tropical mire system of West Malaysia: abundance, habit, ele-

mental composition, preservation and significance. Chem. Geol.

200, 267–292.


	Phytoliths as indicators of pedogenesis and paleoenvironmental changes in the Brazilian cerrado
	Introduction
	Material and methods
	Results and discussion
	Phytolith assemblages extracted from leaves
	Phytolith assemblages from the peat

	Conclusion-perspectives
	Acknowledgments
	References


