Revista Brasil. Bot., V.30, n.4, p.569-577, out.-dez. 2007

Soils associated with rock outcrops in the Brazilian mountain ranges
Mantiqueira and Espinhaco

VINICIUS M. BENITES'?, CARLOS ERNESTO G. R. SCHAEFER?, FELIPE N. B. SIMAS?
and HUMBERTO G. SANTOS'

(received: September 16, 2004; accepted: July 10, 2007)

ABSTRACT - (Soils associated with rock outcrops in the Brazilian mountain ranges Mantiqueira and Espinhaco). Espinhaco
and Mantiqueira are two mountain ranges of great importance in Brazil. In the uppermost parts of these areas, unique
ecosystems occur, generally associated with rock outcrops, they are collectively called High Altitude Rocky Complexes. These
environments show distinct soil and biota characteristics in relation to the surrounding biome. The soils are generally
shallow, coarse textured, with high AI* and varying amounts of organic matter. Entisols, Inceptsols and Histosols are
dominant, directly associated with the rock outcrops, and forming a complex mosaic of soils. Some of these soils are
endemic, based on peculiar conditions of parent materials, topography and vegetation, and this pedodiversity is important
for detecting unique and endangered soils. In these soils, organic matter is highly humified, with a great amount of soluble
forms and conspicuous presence of charcoal. Spodic horizons and dark water rivers are typically associated with quartzite
and quartzite outcrops, formed by illuviation of organic compounds, being less common in granitic rocks. The very low
nutrient content of these soils and other environmental limitations required the development of specific physiological and
morphological plant adaptations. Most high altitude environments are unstable under current climatic conditions, and
anthropic interventions may be accelerating this process. Detailed soil surveys are necessary for a better understanding of
the role of these soils in ecological processes and for the development of adequate conservation policies.
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RESUMO - (Solos associados aos afloramentos rochosos das Serras do Espinhaco e da Mantiqueira). A Serra do Espinhago
e a Serra da Mantiqueira sao duas cadeias de grande importancia para o Brasil. Nas partes mais altas destas serras encontram-se
ecossistemas com caracteristicas singulares, associados aos afloramentos rochosos, denominados Complexos Rupestres de
Altitude. Esses ambientes apresentam caracteristicas do solo e da vegetacdo distintas das dreas adjacentes. Os solos s3o em
geral rasos, arenosos, com alta saturacio de aluminio e teores variados de matéria organica. Neossolos Lit6licos, Cambissolos
e Organossolos sdo as classes de solo dominantes, diretamente associadas aos afloramentos, formando um mosaico de solos.
Alguns solos encontrados nestes ambientes sdo endémicos, em fungdo das caracteristicas peculiares da rocha matriz, da
topografia e da vegetacdo, e sua preservacdo € estratégica por se tratar de solos raros e ameacados de extin¢cdo. A matéria
organica desses solos apresenta alto grau de humificacio, com grande quantidade de fracdes soluveis, e a presenca generalizada
de fragmentos de carvao. Horizontes espddicos e rios negros estdo tipicamente associados as dreas de afloramento de arenito
e quartzito, sendo formados pela iluviacdo de compostos organicos, e sendo menos comuns nas dreas de granito. O oligotrofismo
destes solos, associado a outras limita¢des de ordem quimica e fisica, induzem o desenvolvimento de estratégias de adaptacao
fisioldgica e morfoldgica por parte da vegetacdo. A maioria destes ecossistemas € instavel sob a condi¢do climadtica atual, e
a intervencdo antrépica € um fator de aceleragao do processo de degradacdo. A descricdo detalhada dos solos nestes ambientes
€ fundamental para um melhor entendimento do seu papel nos processos ecoldgicos e para o desenvolvimento de politicas
de conservacio.

Palavras-chave - complexos rupestres de altitude, neossolos litélicos, organossolos

Introduction 2,000 m. However, in the southeast region, marking the

borders of the Atlantic Forest biome, two great mountain

The Brazilian geomorphology is characterized by ~ ranges formed by different lithologies occur as part of

flat or dissected plateaux and low tablelands and plains, the Atlantic mobile belt zone: (i) “Serra do Espinhaco”,
having few mountainous areas with altitudes higher than composed mainly by quartzite; and (ii) “Serra da
Mantiqueira”, with predominance of plutonic rocks

(granite) and high grade metamorphics (migmatites,

1. Embrapa Solos, Rua Jardim Botinico 1024, Jardim Botéinico, gneiss) and a few sparse quartzite areas (e.g. “Serra do
22460-000 Rio de Janeiro, RJ, Brazil Ibitipoca”).

2. Universidade Federal de Vicosa, Depto. de Solos, Av P.H. Rolfs s/n, . . .
Campus Universitario, 36571-000 Vicosa, MG, Brazil These mountain ranges are extremely important in

3. Corresponding author: vinicius @cnps.embrapa.br a geo-environmental sense. There occur several
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watersheds that feed important urban centers of
southeastern Brazil, as well as important Atlantic Forest
fragments, which are hotspots of biodiversity (Myers et
al. 2000). Hence, several conservation units have been
created in order to protect these fragile environments.

In the uppermost parts of these mountain ranges, a
distinct ecosystem named High Altitude Rocky
Complexes (Semir 1991, Benites et al. 2003a) occurs,
with peculiar soil and vegetation characteristics.
Although apparently homogeneous, there can be
observed a considerable diversity of pedoenvironments
and associated vegetation mosaics, greatly determined
by local topography and microenvironmental aspects.
Markedly, rock outcrops are widespread, regardless of
the predominant lithology.

Perhaps associated to the fact that these
environments are unsuitable for agriculture, because of
either chemical or topographic limitations, these areas are
often permanently protected by conservation units. A
great number of endangered and endemic species are
found in these highland refuges (Joly 1970), highlighting
their importance for biodiversity preservation and
scientific studies (Biodiversitas 1999). Normally, at
small-scale pedological surveys, soils associated with
rock outcrops are mapped in units that do not display
the existing variety of soil types. Few studies on soil

V. M. Benites et al.: Soils on rock outcrops in mountain ranges in Brazil

identification and characterization were done in such
environments, despite their great ecological importance
(Volkoft et al. 1984, Benites et al. 2001, 2005, Dias et
al. 2002, Simas et al. 2005).

The objective of this study is to give an overview
about chemical and physical characteristics of the soils
associated with rock outcrops in the Espinhaco and
Mantiqueira ranges, illustrating the great pedological
diversity observed and the ecological importance of these
ecosystems. We hope that it provides the basis and the
necessary incentive for future studies on plant ecology
and ecophysiology.

Material and methods

Study sites — Soil samples over High Altitude Rocky
Complexes were collected in 9 conservation units, such as
national and state parks, environmental protection areas and
private wildlife preservations (table 1). The conservation
units were located along both latitudinal and altitudinal
gradients, in areas of “Caatinga”, “Cerrado” and Atlantic
Rain Forest biomes, in which High Altitude Rocky
Complexes are locally present at the highest positions. All
studied conservation units are in Espinhaco Range and
Mantiqueira Range, where the predominant lithology is
quartzite and plutonic rocks, respectively (Benites et al.
2001, 2005, Simas et al. 2005).

Table 1. Descriptive characteristics of conservation units with High Altitude Rocky Complexes where the soils were sampled.

Numb Mean Regional Ko
Conservation unit Hmber Coordinates altitude eglond oppen Lithology

of cases biome climate

(meters)

“Parque Nacional da 6 12°31° S 900 to 1100 “Caatinga” Aw Quartzite
Chapada Diamantina” 41°33 W
“Parque Estadual de 3 18°14* S 1000 to 1300 “Cerrado” Cwa Quartzite
Diamantina” 43°36° W
“Parque Nacional da 6 19°30° S 900 to 1200 “Cerrado” Cwa Quartzite
Serra do Cip6” 43°44> W
“Parque Estadual de 7 20°17° S 1000 to 1400 “Cerrado” Cwa Quartzite
Itacolomi” 43°30° W
“Parque Estadual de 9 21°33> S 1400 to 1700 Atlantic Rain Cwb Quartzite
Ibitipoca” 43°54° W Forest
“Parque Nacional de 6 20°25° S 2300 to 2700 Atlantic Rain Cwb Granite
Capara6” 41°57 W Forest
“Parque Estadual da 9 20°40° S 1400 to 1700 Atlantic Rain Cwb Migmatite
Serra do Brigadeiro” 42°31° W Forest
“Reserva Particular de 9 22°10° S 1700 to 2000 Atlantic Rain Cwb Granite
Mitra do Bispo” 44°23° W Forest
“Parque Nacional de 8 22°29° S 1800 to 2300 Atlantic Rain Cwb Sienite
Itatiaia” 44°33° W Forest
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Soil sampling and characterization — Sixty-three samples
of surface horizons and 22 complete profiles of soils
associated with rock outcrops were collected. Soils were air
dried and sieved to 2 mm. The particle size (coarse sand,
fine sand, silt, and clay) was determined in the < 2 mm
fraction according to Embrapa (1997). Free-iron was
extracted with dithionite-citrate-bicarbonate (Fepc), pH in
water and exchangeable Ca+Mg and Al** were also
determined according to Embrapa (1997). Total soil organic
carbon was determined by the wet combustion method
(Yeomans & Bremner 1988). The fractionation of humic
substances was used to determine the humic acid fraction
(HA), fulvic acid fraction (FA) and the alkaline extract/
humin (AE/H) ratio (Benites et al. 2003c). The complete
profiles were classified according to Brazilian Soil
Classification System (Embrapa 1999).

Results and discussion

Soil chemical and physical characteristics — The soils
associated with rocky outcrops in Mantiqueira and
Espinhaco ranges have low nutrient content (dystrophic),
yellowish/brownish hues, coarse texture, high exchangeable
aluminum levels and dark colored surface horizons due
to organic matter accumulation (table 2). The low level
of soil fertility is related to nutrient losses by leaching,
enhanced by high drainage, and low nutrient content of
the parent material, especially in quartzite areas or in
deep saprolite.

Soils on quartzite have lower carbon and nutrient
content (table 2), indicating an ongoing degradation

process promoted by intense leaching and lesser retention
by lacking clays. The soils developed on igneous rocks
show a slightly higher silt and clay content than soils
developed on quartzite (table 2). Part of these fractions
is composed by poor crystalline Fe oxides, as indicated
by the Fe,; and Fe,, levels (Benites et al. 2001).

The soil has an acid reaction, favoring dissolution
of kaolinite and aluminossilicates, and Al** saturates the
exchange complex. Exchangeable AI** levels are higher
in soils associated with granitic/gneiss outcrops, especially
in the Mantiqueira, since igneous rocks contain high
amounts of aluminum and iron, compared with the quartzite
(table 2).

The extremely low fertility status of these soils
conditioned the development of survival strategies by the
vegetation, involving physiological and morphological
adaptations. Some nutrients, particularly P, which is
extremely limiting for plant development, show negligible
amounts in some soils. In igneous rock outcrops, despite
the generalized lack of P in the soil, the soils still maintain
some reserve of this element in primary apatite minerals.
Plants and their mycorrhizal associations release organic
acids capable of solubilizing P directly from the rock
(Van Breeman et al. 2000). In quartzitic outcrops, where
rock apatite is absent, P uptake mechanisms are even
more remarkable. An example of the adaptative strategies
to the low fertility is the presence of insectivorous plants
like Drosera sp. that are frequently observed in these
environments. The organic P assimilated from insects
may represent a considerable part of available P for these

Table 2. Mean chemical and physical characteristics of surface horizons of soils associated with rock outcrops in different
conservation units of Mantiqueira and Espinhaco Ranges (n = 63) and the mean values of soil characteristics over quartzite
and granite lithologies. (cs = coarse sand, fs = fine sand, TOC = total organic carbon, FA = fulvic acid fraction, HA = humic

acid fraction, AE/H = alcaline extract/humin ratio).

cs fs

silt  clay

Ca+tMg Al¥* TOC FA HA AE

Conservation unit/Lithology

(cmol, kg') (gkg') (% TOC) H

“Parque Nacional da Chapada Diamantina” 71 17
“Parque Estadual de Diamantina” 23 64
“Parque Nacional da Serra do Cip6” 17 47
“Parque Estadual de Itacolomi” 61 29
“Parque Estadual de Ibitipoca” 74 11
Quartzite Rock 49 33
“Parque Nacional de Caparaé” 36 33
“Parque Estadual de Serra do Brigadeiro” 47 24
“Reserva Particular de Mitra do Bispo” 50 24
“Parque Nacional de Itatiaia” 46 20

Granite Rock 45 25

7 6 3.8 1.10 2.07 105 9 26 038

7 6 41 0.12 2.73 60 13 27 1.1
13 13 46 0.14 2.96 33 19 29 12
5 6 44 030 3.84 50 11 34 14
5 10 4.0 022 9.99 77 15 43 22
7 8§ 42 037 4.32 65 13 32 1.7
17 13 50 047 6.84 122 24 47 2.1
17 13 44 033 4.41 58 19 28 1.2
1115 47 027 11.21 83 23 41 23
17 18 47 035 13.22 95 22 32 22
15 15 47 035 8.92 % 21 37 19
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plants considering the extreme low availability of this
element in the soil and in the parent rock (Benites et al.
2003b).

In these highland environments, irrespective of the
predominant lithology, biogeochemical cycling of
nutrients is essential for vegetation maintenance. The
highest nutrient levels are always verified in superficial,
organic matter rich horizons (Benites ef al. 2001). The
concentration of thin roots in the soil surface, forming a
continuous root-carpet, is acommonly verified mechanism
to reduce nutrient losses (Simas et al. 2005). Under
shrubby or more closed vegetation, accumulation of
fibric material positioned directly on the rock can occur.
These horizons show high nutrient content as a result of
the biogeochemical cycling by the vegetation, differently
from other organic materials in soils associated with rock
outcrops (Benites et al. 2003a).

Soils associated with rock outcrops show high level
of fibric organic material, showing low bulk density,
due to the accumulation of light organic matter derived
from non decomposed vegetal residues (table 2).
However, most of the organic substances in soils
associated with rocky outcrops are strongly humified,
with predominance of the humic acid fraction (table 2).
Fulvic acid content is higher than those found in other
subtropical/tropical soils (Benites ez al. 2000), indicating
high mobility of organic substances in these
pedoenvironments. The relationship between alkaline
soluble humic fraction and the humin fraction (AE/H
ration) indicates the predominance of low molecular
weight organic substances (table 2). The humic acids
are responsible for most of the cation exchange capacity
(CEC) and water retention capacity of these soils,
especially in the organic materials, where clay minerals
are virtually absent (Benites et al. 2003a).

Soil genesis and classification — In general, soils associated
with rock outcrops are weakly developed, showing
properties strongly influenced by the parent materials.
Solum depth is extremely variable, as a function of local
topography, with very shallow soils on steep slopes and
deeper soils on more stable areas. Rock outcrops occur
scattered amongst soil patches (figure 1), or very small
soil spots are formed directly on bare rock (figure 2).
The presence of a deep pre-weathered saprolite makes a
great influence over soil fertility, as soils developed from
these mantles are generally poor, even though they can
be shallow. There are clear, contrasting differences
between shallow soils on either granitic or quartzitic rocks.
In granitic rocks, boulders associated with deep weathered
mantles are observed and most arboreal species are found
between large rock outcrops. In the quartzitic rocks,

fracturing, schistosity and faulting are prominent features
controlling soil/vegetation development (figure 3).

Due to their shallow depths, most of soils associated
with rock outcrops are classified as “Neossolos
Lit6licos” in the Brazilian Soil Classification System
(Embrapa 1999), which correspond to the Entisol order
of the US Soil Taxonomy (USDA 1998) and to the
Leptosols of the FAO soil classification system (FAO
1998). These soils are normally characterized by a
surface A horizon located directly on the underlying rock
or on a C horizon or saprolite (partially weathered parent
rock). The A horizon assumes a great importance as a
classification criterion at low category levels, subdividing
the Entisol into different groups (Embrapa 1999).

The Humic Entisol is the most common soil order
associated with rock outcrops in the Mantiqueira Ranges.

Figure 1. Rock outcrop between associated soils patches in
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“Serra do Cipd”.

Figure 2. Islands of soil on rock outcrop landscape of the
Diamantina plateau.
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Figure 3. Schematic view of soils associated with quartzite
outcrops (A) and with granite outcrops (B).

It is characterized by a humic A horizon located directly
on the parent rock (Embrapa 1999), which is usually
granite, sienite or migmatite. Sometimes the surface
horizon presents organic carbon content and Munsell
color typical of humic horizons, but is shallower than
20 cm, characterizing a moderate A horizon. In this case,
the soil is classified as Dystrophic Entisol (table 3). However,
soil depth separates virtually identical pedoenvironments.
Thus, a close association between Humic and Dystrophic
Entisols is very common.

In the Espinhaco mountain range, where smoothed
structural landforms are frequently observed on the top
mountain, shallow coarse textured soils are covered by
adetritic pavement (stony lag deposit), composed of quartz
gravels and, occasionally, Fe concretions (petroplinthite)
predominate. Normally these soils are nutrient deficient,
have low organic carbon content, and are classified as
Dystrophic Entisol or Psamitic Entisol (high sand content).
They are characterized by a moderate A horizon overlying
a coarse textured mineral layer of up to 50 cm, which
rests on rock (quartzite) or deep saprolite (schists/pellitic
rocks) (table 3). When the solum is deeper than 50 cm,

composed basically of quartz sand and gravels, it is
classified as “Neossolo Quartzarénico” (Embrapa 1999)
corresponding to Quartzipsamments (USDA 1998) and
Arenosols (FAO 1998). These soils are found in “Serra
do Ibitipoca” (Dias et al. 2002, Benites et al. 2003a,b)
and in some areas of “Serra do Cip6” and the Diamantina
Plateau (Benites er al. 2003a, Schaefer et al. 2002) where
quartzite is the main lithology (figure 4).

Soils with an incipient B horizon underlying a humic
A horizon, classified as ““Cambissolos Himicos” (Embrapa
1999), which correspond to the Inceptisols (USDA 1998)
and to the Cambisols (FAO 1998), are also found associated
with rock outcrops and saprolites (Volkoff et al. 1984,
Benites et al. 2001, 2003b, Dias ef al. 2002, Simas et
al. 2005). Although infrequent, these soils are found on
both quartzite and igneous/metamorphic lithologies.
They usually occupy lower areas, which are stable
enough enabling colluvial accumulation, in situ
pedogenesis and B horizon differentiation. However, on
quartzite, due to the normally sandy texture of the soils,
the occurrence of the Quartzipsamment soils is more
common than the Humic Inceptisols.

Figure 4. Quartzipsamment profile in the “Parque Estadual
de Ibitipoca”.
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Organic matter accumulates in soils associated with
rock outcrops due to unfavorable conditions for
microbial decomposition. The main factors are: lack of
nutrients, high Al** levels and lower temperatures, all of
which reduce microbial activity and decomposition rates,
leading to organic C accumulation. This, in turn, enables
the establishment of vegetation by feedback mechanisms,
because the accumulated organic layer ultimately
enhances nutrients and water retention, supporting plant
development. Also, mesothermic climates in these
highlands, with cool winters can also account for a relative
decrease of carbon mineralization, leading to high soil
organic matter content.

Organic compounds also form complexes with Al**,
reducing the aluminum phytotoxicity. The nature of the
organic matter in the soil associated with rock outcrops
is another important factor, which promotes organic
substances preservation in the soil and long turn over.
As a result of the incomplete burning of plant residues

by natural fires, charcoal fragments were added to soil.
Humic substances of high aromaticity, showing
condensed structures of high stability, were formed in
these soils as a consequence of the charcoal transformation
(Benites et al. 2005).

As a consequence of organic matter accumulation,
soil horizons with total organic carbon content higher
than 120 g kg' are formed, characterizing organic
horizons (Embrapa 1999). When the organic horizon is
not > 40 cm, the soils are classified as Histic Entisol
(table 3). These soils are commonly observed in rock
outcrops, forming well-defined patches of organic
surface horizons (fibric or sapric) resting directly on
the rock. Frequently, the development of these soils is
favored by the local topography.

Marshy peats occur when low temperature and high
humidity simultaneously occur, as in the highest portions
of the Mantiqueira range (above of 2,000 m a.s.l.), or
when structurally controlled hydromorphic areas are

Table 3. Characteristics of Entisols (Lithic Udorthents) associated with different rock outcrops in Mantiqueira and Espinhago.
(cs = coarse sand, fs = fine sand, Fe,,; = Free Fe extracted with dithionite-citrate-bicarbonate, TOC = total organic carbon,
FA = fulvic acid fraction, HA = humic acid fraction, AE/H = alcaline exctract/humin ratio).

Depth.  Munsell cs fs silt  clay Fepeg Ca+Mg Al¥ TOC FA HA AE
Horizon pH NTH
(cm) color (%) (g kgh) (cmol, kg!) (gkg!) (% TOC) H
“Neossolo Litdlico himico™! (quartzite) — “Chapada Diamantina”
A, 0-20 2.5/0 7 58 25 10 0.7 46 02 2.0 60 10 47 1.3
“Neossolo litdlico distr6fico™ (migmatite) — “Serra do Brigadeiro”
A 0-15 2/125Y 51 23 14 12 1.8 4.5 0.3 5.1 71 12 30 0.7
“Neossolo litélico psamitico™ (quartzite) — “Serra do Cip6”
A 0-8 3/175YR 80 11 5 4 03 43 0.2 0.1 14 23 33 1.3
C 8-45 5/275YR 65 24 7 4 0 50 00 0.0 3 - - -
“Neossolo litdlico distréfico” (quartzite) — Ibitipoca
A 0-16 2/1 10YR 12 44 18 26 407 47 0.1 5.0 57 21 39 1.5
“Neossolo litdlico distréfico” (quartzite) — Ibitipoca
A 0-15  3/125Y 23 50 16 11 0.5 438 0.2 1.9 12 19 32 1.0
C 15-45  5/325Y 58 27 10 5 1.2 50 0.0 0.6 3 - - -
“Neossolo litdlico histico”' (quartzite) — Itacolomi
o 0-25 1/0 - - - - 09 39 1.0 143 178 4 71 3.1
“Neossolo litdlico histico”" (granite) — Caparad
0] 0-15 1.5/1 10YR - - - - 141 53 0.3 3.0 164 18 51 2.2
“Neossolo litdlico histico”! (sienite) — Itatiaia
0] 0-12 1.5/1 100YR - - - - 1.5 5.1 0.4 6.7 123 24 35 1.4
“Neossolo litdlico histico”! (quartzite) — Diamantina
H 0-15 2/0 - - - - 1.3 3.7 1.7 6.0 274 10 25 0.5

! Brazilian Soil Classification System (Embrapa 1999).
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present. These soils that consist of an organic layer thicker
than 40 cm, resting directly on the rock or saprolite are
classified as “Organossolos” (Embrapa 1999) and
correspond to Histosols (USDA 1998, FAO 1998). The
peatlands have an important environmental role regarding
water resources and C sequestration. During the rainy
season they are waterlogged, being gradually drained
throughout the dry season, regulating water flow of
streams and high watersheds. These geoenvironments
with deep organic accumulations also present extremely
high C stocks (Simas et al. 2005).

The Histosols are associated to the rock outcrops
and grassy fields normally cover them. However, they
have also been described in the Mantiqueira, under dense
Atlantic forest, suggesting a broader presence of this soil
class in altitudes > 1,600 m on igneous and metamorphic
lithologies (Benites et al. 2001, Simas et al. 2005). As
landscape develops, parts of former marshy peats become
sufficiently dry due to the establishment of the drainage
system, enabling the growth of forest vegetation, but
keeping its high C content. Due to the strongly humified
nature of the organic material, the Histosols associated
to the outcrops in the Mantiqueira mountain range are
classified as sapric (table 4).

Another important pedogenetic process that could
normally be observed on the high altitude rocky complexes

575

is the podzolization. Podzolization is a well-known soil
forming process, especially in temperate climates. This
process consists on the eluviation of soluble organic
compounds associated with Fe and Al, leaching
throughout the profile (De Coninck 1980). Consequently,
this process leads to residual quartz concentration as
sand particles in the upper horizons and a formation of
a Spodic B horizon, which shows illuvial subsurface
accumulation of organic substances and Al and Fe
compounds. These soils are classified as “Espodossolos”
(Embrapa 1999) and correspond to Spodosols (USDA
1998) and Podzols (FAO 1998). In Brazil, there are few
studies on Spodosols especially in mountainous
environments (Benites er al. 2001, Dias et al. 2002,
Simas et al. 2005). Due to the little thickness and low
nutrient retention capacity of soils from high altitude
rocky complexes, part of the organo-metalic compounds
can reach down the profile forming thin deposits in the
contact between the rock and the solum, or reach the
groundwater.

In quartzite areas, where coarse textured soils are
predominant, it is possible to observe the dark color of
waters caused by the illuviation of organo-metalic
compounds. Losses of organic substances in the rivers
represent an important component of the carbon cycle
in the ecosystem. Large amounts of carbon leave the soil

Table 4. Characteristics of Histosols (Lithic Haplosaprists) associated with different rock outcrops in Mantiqueira and
Espinhaco. (cs = coarse sand, fs = fine sand, Fe,; = Free Fe extracted with dithionite-citrate-bicarbonate, TOC = total organic
carbon, FA = fulvic acid fraction, HA = humic acid fraction, AE/H = alcaline exctract/humin ratio).

. Depth  Munsell cs fs silt  clay Fepeg Ca+Mg Al*¥ TOC FA HA AE
Horizon cm color (%) (g kg™ (cmol, kg')  (gkg") (% TOC) ?
“Organossolo Mésico saprico”! (quartzite) — Ibitipoca
0O, 0-30 1/0 - - - - 1.38 4.0 0.1 14.8 169 9 57 1.9
0, 30-60 2/0 - - - - 123 - - -
“Organossolo Mésico sdprico”! (quartzite) — Ibitipoca
O, 0-30 2/0 - - - - 0.9 3.8 0.1 16.6 98 9 63 2.6
“Organossolo Mésico sdprico™ (granite) — Caparad
o 0-22  1/1 10YR - - - - 11.2 53 0.5 4.5 154 22 42 1.7
0, 22-40  2/1 10YR - - - - - - - - 114 - - -
“Organossolo Mésico sdprico™ (sienite) — Itatiaia
0] 0-35 1/1 10YR 166 50 0.8 119 173 27 39 1.9
“Organossolo Mésico sdprico”! (migmatite) — “Serra do Brigadeiro”
0O, 0-4 3/2 10YR - - - - - 52 46 09 158 - - -
0, 4-9 2/1 10YR - - - - 324 38 1.7 2.2 136 30 30 1.5
0O, 9-44  2/1 10YR 50 25 12 13 379 47 0.4 2.5 101 26 44 2.3

! Brazilian Soil Classification System (Embrapa 1999).
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system in the areas associated with the quartzite outcrops.
On the other hand, the primary biomass production is
low due the limitations induced by the nutrient deficient
soils, suggesting a negative carbon balance in the soil.
This is an evidence that the mountainous soils associated
with quartzite in Brazil are facing a natural degradation
process under the current warmer climatic conditions.
Anthropic activities such as deforestation, induced fires,
and uncontrolled tourism in some areas strongly contribute
to the degradation process.

In the Mantiqueira Range, although the soils are
also well drained, the presence of small amounts of clay
in the profiles promotes the filtration of the soil solution,
holding back soluble organic compounds (Benites ef al.
2001). In these soils there are high concentrations of
soluble organic substances in the form of fulvic acids,
associated with poorly crystalline Fe and Al minerals.
Soil mapping in soils associated with rock outcrops — In
soil surveys, the different pedoenvironments are
represented by mapping units. Each unit is formed by a
soil association represented by the predominant soil class
and inclusions. Considering the high heterogeneity of
soil classes associated with rock outcrops, it is practically
impossible to identify mapping units represented by a
single soil class. More detailed surveys would be necessary
(scale greater than 1:1,000) to allow the individualization
of these unique pedoenvironments. However, this type
of information can be very useful for botanical studies
regarding edaphic control on vegetation distribution.

Few soil surveys in detailed scale have been carried
out in soils associated with rock outcrops of Mantiqueira
and Espinhaco. Geoenvironmental studies have been
developed in the “Parque Estadual de Ibitipoca” (scale
1: 5,000) (Dias et al. 2002) and in the Papagaio and
Serra Verde mountain ranges (1:10,000 scale) (Simas
et al. 2005). In the soil map of Brazil, scale 1:5,000,000
(Embrapa 2001), soils associated with rock outcrops
are represented by mapping units in which the Entisols
constitute the predominant soil class in quartzite areas
and Inceptisol or Red Yellow Oxisol in granitic areas.

Due to the little detailed information on the
distribution of highland soils in Brazil, the importance
of these environments has not yet been fully addressed.
Actions looking for the conservation of these ecosystems
are limited due to the lack of maps in small scales. For
example, the mapping units that represent these areas
lead to an underestimation of the soil total C stocks
because inclusions of carbon rich soils are not considered.
Simas et al. (2005) have shown that altitude rocky
complexes may contain much higher total C stocks than
secondary forest areas.

The extremely low nutrient status of all mineral soil
horizons studied reveals the important role of nutrient
cycling mechanisms in the sustainability of these natural
environments. Despite the general landscape renewal
promoted by current morphogenesis, the low nutrient
reserve of pre-weathered saprolites favor the formation
of extremely poor soils. Soil depth is strongly influenced
by parent material and topography.

Although the rock outcrops are extremely important
areas for environmental conservation, many scientific
questions remain open. More detailed studies are needed
for a better understanding of the potentials and limitations
of these environments, with emphasis on more detailed
soil surveys. These studies are essential for the development
of management/conservation strategies and a better
understanding of soil endemism and associated factors
controlling vegetation distribution in soil associated with
rock outcrops.
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