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SUMMARY

In the region of the Serra do Espinhaço Meridional, peat bog is formed in
hydromorphic environments developed in sunken areas on the plain surfaces with
vegetation adapted to hydromorphic conditions, favoring the accumulation and
preservation of organic matter.  This pedoenvironment is developed on the
regionally predominant quartzite rocks.  Peat bog in the Environmental Protection
Area - APA Pau-de-Fruta, located in the watershed of Córrego das Pedras,
Diamantina,Brazil, was mapped and three representative profiles were
morphologically characterized and sampled for physical, chemical and
microbiological analyses.  The organic matter was fractionated into fulvic acid
(FA), humic acids (HA) and humin (H).  Two profiles were sampled to determine
the radiocarbon age and δδδδδ1313131313C.  The structural organization of the three profiles is
homogeneous.  The first two layers consist of fibric, the two subsequent of hemic
and the four deepest of sapric peat, showing that organic matter decomposition
advances with depth and that the influence of mineral materials in deeper layers
is greater.  Physical properties were homogeneous in the profiles, but varied in the
sampled layers.  Chemical properties were similar in the layers, but the Ca content,
sum of bases and base saturation differed between profiles.  Contents of H
predominated in the more soluble organic matter fractions and were accumulated
at a higher rate in the surface and deeper layers, while HA levels were higher in the
intermediate and FA in the deeper layers.  Microbial activity did not vary among
profiles and was highest in the surface layers, decreasing with depth.  From the
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results of radiocarbon dating and isotope analysis, it was inferred that bog formation
began about 20 thousand years ago and that the vegetation of the area had not
changed significantly since then.

Index terms: Organosols, soil organic matter, humic substances, microbial activity,
radiocarbon dating, δδδδδ1313131313C.

RESUMO:        PEDOCRONOLOGIA E DESENVOLVIMENTO DA TURFEIRA DA
ÁREA DE PROTEÇÃO AMBIENTAL PAU-DE-FRUTA,
DIAMANTINA - MG

Na região da Serra do Espinhaço Meridional, a formação de ambientes hidromórficos
em áreas deprimidas de superfícies de aplainamento, aliada à ocorrência de uma vegetação
adaptada à condição de hidromorfismo, favorece o acúmulo e a preservação de matéria orgânica,
formando turfeiras. Esse pedoambiente desenvolve-se sobre rochas quartzíticas, predominantes
na região. A turfeira da Área de Proteção Ambiental – APA Pau-de-Fruta, localizada na
microbacia do Córrego das Pedras, município de Diamantina – MG, foi mapeada e três perfis
representativos foram caracterizados morfologicamente e amostrados para caracterização
física, química e microbiológica. A matéria orgânica foi fracionada em ácidos fúlvicos (AF),
ácidos húmicos (AH) e humina (H). Dois perfis tiveram amostras coletadas para determinação
da idade radiocarbônica e do δ13C. Os três perfis apresentam organização estrutural homogênea,
sendo as duas primeiras camadas fíbricas, as duas subsequentes hêmicas e as quatro mais
profundas sápricas, evidenciando que o estádio de decomposição da matéria orgânica avança
com a profundidade e as camadas mais profundas apresentam maior influência do material
mineral. Os atributos físicos foram homogêneos entre os perfis, mas variaram entre as camadas
amostradas. Os atributos químicos foram semelhantes entre as camadas, porém o teor de Ca,
a soma de bases e a saturação por bases diferiram entre os perfis. Os teores de H predominaram
sobre as frações mais solúveis da matéria orgânica e se acumularam em maior proporção nas
camadas mais superficiais e nas mais profundas, enquanto os AH foram mais elevados nas
camadas intermediárias e os AF nas camadas mais profundas. A atividade microbiológica
não variou entre os perfis e foi mais elevada nas camadas superficiais, diminuindo com a
profundidade. A partir dos resultados das datações radiocarbônicas e da composição isotópica,
inferiu-se que a turfeira começou a ser formada há cerca de 20 mil anos e que, desde então, a
cobertura vegetal da área não sofreu variações significativas.

Termos de indexação: Organossolo, matéria orgânica do solo, substâncias húmicas, atividade
microbiológica, datações radiocarbônicas, δ13C.

INTRODUCTION

Peat bogs are pedoenvironments formed by
successive accumulation of plant remains at sites
under conditions where the activity of microbial
decomposers is inhibited by excessive moisture, low
pH, lack of oxygen and warm temperatures.

Worldwide, it is estimated that an area of about
400 million ha is covered with peat bog, equivalent to
3 % of the Earth’s surface.  Most of this area, about
350 million ha, is in the Northern Hemisphere and
between 30.5 and 45.9 million in the Tropics (Rieley
et al., 2008).  In Brazil, it is estimated that peat bogs
cover approximately 611,883 ha, i.e., around 0.07 %
of the national territory (Valladares, 2003).

In the Espinhaço, which is the only Brazilian
mountain range and crosses the states of Minas

Gerais, Bahia and Piauí (Silva et al., 2005), peat is
associated with other types of shallow and sandy soils.
Silva (2004a,b,c; 2005) mapped 112,233 ha of land in
four protected areas of the mountain range called
Serra do Espinhaço Meridional (SdEM), of which
12,814 ha correspond to mapping units where
Organosols (peatlands) occur in association with other
soils.

In tropical peat bogs in high-altitude environments
with mild climate, Augustin et al.  (1994) and Silva
et al.  (2004) detected radiocarbon ages of more than
30,000 years before present (BP).  In contrast, the
ages of peat bogs in temperate regions were below
16,000 years BP (Gorham & Janssens, 1992;
Martinez-Cortizas et al., 1997, 1999; Shotyk et al.,
1998; Jedrysek et al., 2003), once C accumulation in
these areas was affected by glaciations at the end of
the Pleistocene period and beginning of the Holocene.
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The soil organic matter (SOM), consisting mainly
of decomposed vegetation of this area, is an important
evidence of possible variations in climate and
vegetation in the last thousands of years (Gouveia et
al., 1997).  Radiocarbon dating and stable isotope δ13C
can provide this information.  The former provides
information regarding the succession of events, while
the latter identifies the origin of SOM, given that
plants can be separated, according to their
photosynthetic cycle, into C3, C4 and CAM.  The species
can be separated in C3 species with δ13C values ranging
between -24 and -3 ‰, C4 species with values between
-11 and -15 ‰ and CAM species, between -11 and
-29‰ (Martinelli et al., 2009).  Boutton (1991)
established δ13C values ranging from -10 to -28‰ for
CAM species.

Peat bogs grow vertically and their growth rate
can be calculated annually.  Pontevedra-Pombal
(2002) studied peat bogs in Galicia and found an
annual growth rate of 0.20–0.70 mm year-1, with an
average of 0.44 mm year-1.  In peat bogs in Finland,
Tolonen (1979) found a growth rate of 0.60–
0.75 mm year-1 and Gorham (1991) in Canada about
0.48 mm year-1.

In the region of Diamantina, state of Minas Gerais,
peat bogs are found in the Environmental Protection
Area Pau-de-Fruta (EPA Pau-de-Fruta) with
predominantly quartzitic lithology, mild climate,
where a typical vegetation of montane grasslands
grows, interspersed with savannah fragments (capões).
In this pedoenvironment, excess moisture associated
with low nutrient content, mild climate and vegetation
adapted to the hydromorphic conditions favor the
accumulation and preservation of organic matter.

The aim of this study was to analyze the physical,
chemical and microbiological characteristics of three
peat profiles in EPA Pau-de-Fruta and to determine
their chronology and variations in vegetation cover as
well as carbon accumulation and annual growth rates.

MATERIALS AND METHODS

Location and characterization of the study area

The peat bog studied covers 81.75 ha of the EPA
Pau-de-Fruta in a watershed of 686 ha (Figure 1),
which corresponds to 11.9 % of the area.  The source
of the river Córrego das Pedras is in this area and
supplies the population of Diamantina, located 6 km
away, with water (Campos, 2009).

The area is embedded in the SdEM at an average
altitude of 1,366 m.  This is an area with evidence of
quartzite associated with the occurrence of hematitic
phyllites and marshes in hydro-morphic depressions
with water springs, where peat bogs are overlying
fluvial or colluvial sands and gravels (Almeida Abreu,
1989; Saadi, 1995).

The temperatures are mild for most of the year,
with an average of 19.0 °C and monthly averages
ranging from 16.1 °C in the coldest (July) to 21.3 ºC
in the warmest month (January).  The average rainfall
is 1,351 mm (Neves et al., 2005).

The predominant vegetation of the study area is
montane grassland, characterized by the predominance
of herbaceous species such as Asteraceae,
Melastomataceae, Eriocaulaceae, and Xyridaceae
(Silva et al., 2005).  A few savannah fragments (capões)
of Cerrado vegetation with shrub and tree species are
also found in the area (Ribeiro & Walter, 1998).

Site selection, profile description and sampling

The entire area was inspected and, after
400 borings, three sites were selected for description
and sampling of representative peat profiles (Figure 1).
In the highest part of the peat bog, samples were
collected from an extra profile (P4) (Figure 1) for
radiocarbon dating.  The classification, coordinates
(UTM) and profile elevation are presented in table 1.

Figure 1. Location of study area.
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Samples were collected by inserting an open PVC
tube (length 230 cm, diameter 5.0 cm) through the
peat bog down to the basal substrate.  The tube was
immediately covered and pulled back to the surface
where it was placed horizontally.  The lid was removed
and instead, a wooden tampion (length 20 cm,
diameter 4.5 cm) was inserted and slowly pushed
through the pipe with an iron rod.

Samples were collected every 27 cm, taking into
account material homogeneity, down to the interface
with the basal substrate, at a depth of 215 cm.

Physical characterization

All samples from the profiles 1, 2 and 3, Organosol
were characterized, as described by Lyn et al.  (1974)
and cited by Embrapa (2006), for: the rubbed fiber
content (RF); mineral material (MM); color detection
by the sodium pyrophosphate method; organic matter
decomposition stage, according to von Post; soil density
(Ds); and organic matter density (OMd).

Chemical characterization

In the profiles 1, 2 and 3, the pH in water was
determined and the K content analyzed by a flame
photometer after extraction with HCl (0.05 mol L-1)
and H2SO4 (0.0125 mol L-1) (Mehlich-1); Ca and Mg
extracted by KCl 1 mol L-1 were determined; the
potential acidity (H + Al) was extracted with Ca acetate
(Ca (Ca(OAc)2 – 0.5 mol L-1) at pH 7 and titrated with
NaOH 0.005 (mol L-1).  The available P was extracted
by Mehlich-1 and, after ascorbic acid reduction, the P
content determined by spectrophotometry (Embrapa,
1997).

From the above data, the sum of bases SB = (Ca +
Mg + K) and CEC at pH 7 (T) = SB + (H + Al) and
base saturation (V %) = SB x 100/T (Embrapa, 1997)
were calculated.

The contents of organic C and N were determined
using a FlashEA® 1112 Elemental Analyzer, Series
NCS (Nelson & Sommers, 1996).

Organic matter fractionation

Organic matter of all samples of the profiles 1, 2
and 3 was fractionated, by modified methods of the
International Humic Substances Society (Swift, 1996).

Microbial analysis

Basal respiration was determined according to a
methodology adapted from Alef & Nannipieri (1995),
as described by Campos (2009).  In this procedure,
the KOH solution concentration, incubated with the
sample, was increased from 0.1 to 0.6 mol L-1.  This
adaptation was necessary because of the high
respiration rate observed in the peat bog samples.

The C content in the microbial biomass was
analyzed by the fumigation and extraction method
proposed by Vance et al.  (1987).

The metabolic quotient was calculated from the ratio
between basal respiration and C content in the microbial
biomass, and by multiplying the result by 100.

The microbial quotient (qMIC) was calculated as the
ratio between the C content in the microbial biomass
and total soil C content and expressed as percentage.

Isotopic composition and radiocarbon dating

The two deepest layers of profile 1 and four layers
of profile 4 were collected, air-dried, ground in a
porcelain mortar and sieved (0.053 mm mesh), then
sent to the laboratory of CENA/USP, for radiocarbon
dating and isotopic composition (δ13C) by low-
background liquid scintillation spectrometry
(Pessenda & Camargo, 1991).

From the difference between the radiocarbon ages,
layer thickness and C content, the vertical growth
rate (mm year-1) and carbon accumulation rate (g m-2

year-1) of each peat profile was calculated (Campos,
2009).

Statistical analysis

For the statistical analysis a Cross Classification
Design was used, where profiles and depths were the
sources of variation.  Means of profiles and depths
were compared by the Tukey test (p < 0.05).

RESULTS AND DISCUSSION

Morphological and physical characterization
of soil profiles

The color analysis showed higher intensity and
chroma in the uppermost soil layers, with a tendency

Table 1. Location, depth, elevation and classification of the sampled profiles
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to decrease with depth (Table 2), evidencing a darker
color of the peat in deeper than in surface layers,
indicating a more advanced stage of organic matter
decomposition (Embrapa, 2006).

The distribution of the organic matter decomposition
stages in the three soil samples, as proposed by von
Post, was the same (Embrapa, 2006).  The two surface
layers were classified as fibric, the two beneath as
hemic and the four deepest as sapric peat (Table 2).

None of the properties presented in table 2 varied
significantly among the profiles.  However, among
the different layers, the RF content was higher in
surface layers (fibric), decreasing with increasing
depth.  The contents of MM and Ds tended to increase
with depth, due to greater contact with the inorganic
basal substrate and to the more advanced
decomposition stage in the deeper layers, which were

more consolidated than the uppermost layers (Gorham
& Janssens, 1992) corroborated by the increase in
OMd with depth (Table 2).

Chemical characterization

Of the chemical properties presented in table 3,
only Ca, SB and V % differed significantly in the
profiles.  The values of Ca and SB, at a distance of
about 60 m from the river bed of Córrego das Pedras,
were therefore highest in profile 2 (P2).  Although
some properties differed in the profiles, the same was
not observed at different depths (Table 3).

Active acidity (pH) in the profiles was high, both
in water and CaCl2, which is mainly caused by a high
organic acid content in peat bogs (Silva et al., 2008).

The T content, was high in the three profiles mainly
due to higher C values.  According to Silva & Mendonça

Table 2. Morphological and physical properties and decomposition stage of organic matter (von Post) of
three peat profiles in EPA Pau-de-Fruta

(1) Color: color evaluated in sodium pyrophosphate. (2) von Post: Scale of Organic Matter Decomposition. (3) RF: rubbed fiber.
(4) MM: mineral material. (5) Sd: soil density. (6) OMd: organic matter density. Averages of the profiles followed by the same capital
letters in columns and means of the layers followed by the same lowercase letters in columns do not differ significantly by the
Tukey test (p < 0.05).
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(2007) almost all T values in Organosols are related
to elevated C contents.

Characterization of organic matter

The contents of H, HA and C did not differ
statistically between the profiles (Table 4).  However,
the FA content and ratios of EA/H and C/N were
highest in profile 3 (P3), while the HA/FA ratio was
highest in P2 and the average N content highest in
profile P1 (Table 4).  These values can be related to
the landscape position of the profiles.  P1 is located in
a flat area, at a distance of about 100 m from the bed
of Córrego das Pedras, P2 is also in a flat topography,
but 60 m away from the bed of Córrego das Pedras
and P3 is only 3 m away from the river bed, in a little
active topography, in which the lateral water flow is
probably more intense than in P1 and P2 (Figure 1).

When analyzed at different depths, H values were
highest in the surface layers (Table 4), where the stage
of organic matter decomposition is less advanced
(fibric) and in deeper layers, possibly due to formation
of organo-mineral complexes, which stabilize organic
matter decomposition, thus increasing the soil H
content (Breemen & Buurman, 2002).  According to
Silva & Mendonça (2007), aside from physical
protection, the soil silt and clay fractions provide
chemical and colloidal protection.  However, according
to these authors, studies on the interaction between
humic substances with the mineral fraction in the
soil are still preliminary.

The N content also decreased with depth, as related to
the advancing decomposition of organic matter (Table 4).

The HA contents and HA/FA and EA/H ratios were
highest in the intermediate layers of the three profiles

Table 3. Chemical properties of three peat profiles in EPA Pau-de-Fruta

(1) SB: sum of bases. (2) T: cation exchange capacity at pH 7. (3) V: base saturation. Averages of the profiles followed by the same
capital letters in columns and means of the layers followed by the same lowercase letters in columns do not differ significantly
by the Tukey test (p < 0.05).
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studied (Table 4).  Higher HA/FA ratios indicate a
higher degree of polymerization of soluble organic
matter in relation to other parts of the profile (Cunha
et al., 2005).  Also according to the above author, the
AH/AF ratio of hydromorphic soils in the tropics tends
to be > 1, due to the higher mobility and lower
condensation of the FA than of the HA fraction.
Carbon mobility in these layers is higher than in
others, as indicated by AF and  a higher EA/H ratio,
where EA is the sum of soluble fractions of humidified
organic matter (HA + FA) and H the insoluble fraction
(Benites et al., 2000).

Microbial characterization

There were no significant changes in basal
respiration, in C content of the microbial biomass,

qCO2 and in qMIC among the profiles studied (Table 5)
and comparing depths, it was observed that qCO2 did
not change significantly (Table 5), indicating that the
C assimilation efficiency of the microbial biomass did
not change significantly in the profile.  According to
Anderson & Domsch (1985), the more efficiently the
microbial biomass can use resources of the
environment, the less C is lost in CO2 through
respiration, which can be incorporated into microbial
tissue, resulting in a low q CO2.

The highest basal respiration rate (Cmic) was
observed in the upper layers, where the N contents
were greatest and C/N ratio lowest (Table 5) and where
organic matter was in a less advanced decomposition
stage (Table 2).  Similar behavior was observed for
qMIC, differing only in the deepest (sapric) layer which

Table 4. Humic substances, C and N contents and C/N ratio of organic matter in three peat profiles of EPA
Pau-de-Fruta

(1) H: Humin. (2) HA: Humic Acid. (3) AF: Fulvic Acid. (4) EA (Humic Acid + Fulvic Acid). (5) N: Nitrogen. (6) C: Carbon. (7) C/N: Carbon/
Nitrogen ratio. Averages of the profiles followed by the same capital letters in columns and means of the layers followed by the
same lowercase letters in columns do not differ significantly by the Tukey test (p < 0.05).
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was statistically not different from the surface layers.
According to Pontevedra-Pombal, 2002, in a peat
environment, more stable temperature, combined
with the recalcitrant material and low O2 and nutrient
availability are mainly responsible for the reduction
in microbial activity in subsurface layers.  Under
these conditions, the ability to use soil carbon by
microorganisms is reduced, resulting in reduced qMIC
values (Mendes et al., 2009).

Peat bog development, carbon accumulation
rate and vegetation cover chronology

The peat bogs of SdEM overlay predominantly
quartzite rocks with occurrence of hematite phyllites,
in depressed areas of the landscape (Abreu, 1982).  In
this environment, due to the chemical nature and high
resistance of quartzite rocks to weathering, sandy,
shallow and very nutrient-poor soils are formed, on
which vegetation adapted to the hydromorphism

conditions is developed which accumulates plant
material with every cycle, forming peat (Silva, 2005).

In the peat bog of EPA Pau-de-Fruta, the annual
growth rate observed in P1, in the layer 175.5 -
202.5 cm, was 0.143 mm year-1.  In P4, in the upper
layer (23.3–42.3 cm), the vertical growth rate was
0.074 mm year-1; 0.113 mm year-1 in the layer 42.3–
70.8; and 0.069 mm year-1 in 70.8–175.3 cm favor
verificar a correção (Table 6).  These values are lower
than of peat bogs in Finland, Canada and Spain
(Tolonen, 1979; Gorham, 1991; Pontevedra-Pombal,
2002), respectively.

The annual C accumulation rate in P1, in the layer
175.5–202.5 cm was 16.9 g m-2 year-1 (Table 6).  In
P4, an annual accumulation of 10.4 g m-2 year-1 was
observed in the layer 23.3–42.3 cm, while in the layer
42.3–70.8 cm, this rate was 20.4 g m-2 year-1.  In the
deepest profile layer (70.8–175.3 cm), the

Table 5. Basal respiration, microbial biomass carbon, metabolic quotient (qCO2) and microbial quotient
(qMIC) of three peat profiles of EPA Pau-de-Fruta

Averages of the profiles followed by the same capital letters in columns and means of the layers followed by the same lowercase
letters in columns do not differ significantly by the Tukey test (p < 0.05).
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accumulation rate was 13.7 g m-2 year-1 C (Table 6).
These values are lower than those found in peat bogs
of Russia, Spain and Canada (Tolonen, 1979; Armentano
& Menges, 1986; Gorham, 1991), respectively.

From the radiocarbon ages (Table 6), the position
and altitude of P1 and P4 profiles (Figure 1, Table 1),
as well as from data of Horak (2010), it was inferred
that the peat bog development began in the highest
part of the watershed of Córrego das Pedras and
extended gradually to the lower parts.

The δ13C contents found in the two deepest P1
layers (Table 6) allow no conclusions on whether
species of the photosynthetic pathways CAM, C3 or
C4 were predominant in the area at the beginning of
peat formation.  However, the data indicated that
between 9,400 and 7,510 years BP the native
vegetation consisted of species with photosynthetic
cycles CAM and C4, with influence of C3 species
(shrubs), as observed today.

The δ13C contents obtained in P4 (Table 6)
corroborate the inferences based on the analysis of
δ13C contents of P1.  From 20,359 years to 190 years
BP, the native vegetation of this peat profile was
probably formed by species of the photosynthetic cycles
CAM and C4, with influence of C3 species (shrubs), a
vegetation that is typical in montane grasslands
(Ribeiro & Walter, 1998) and remains until today.

CONCLUSIONS

1. The structural organization of the profiles was
homogeneous.  The stage of organic matter
decomposition of the peat bog studied increases with
depth.

2. In the topmost layers of the peat bog, N contents
and rates of basal respiration and Cmic were highest.
The qMIC was lowest in the intermediate layer of the
profiles.

3. The peat formation in EPA Pau-de-Fruta began
about 20,000 years BP and the vegetation has not
varied significantly since then.
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