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Abstract

This chapter presents carbon isotope data of soil organic matter (SOM), collected
in natural forest ecosystems in different sites from Brazil. The stidied areas are
located in Londrina (Southern part of the country), Piracicaba (Southeast), Salitre
(Central) and Altamira (Northern). This study is part of the research program on
tropical and sub-tropical soils in Brazil, of which the main objective is to use
carbon isotopes to provide information on vegetation changes and thelr
relationships with climatic changes during the Holocene. '*C data of charcoal
samples, the humin fraction and soil organic matter (SOM) contents, indicate that
the organic matter of this area is at least of Holocene age. °C data in SOM indicate
that C, plants were the dominant vegetation in Londrina and Piracicaba during the
early and middle Holocene, while C; plants were the dominant vegetation in
Altamira and probably a mixture of C; and C, plants occurred in Salifre during the
Holocene.

Introduction

Paleo-reconstruction of vegetation changes and their relation to climate in tropical
and sub-tropical forest is essential for the understanding of the response of these
ecosystems to future climatic change. Different approaches that include
geomorphological (Ab'Saber, 1977; 1982; Servant et al. 1981; Bigarella and
Andrade Lima 1982), biological, botanical (Hafter 1969; Prance 1973; Gentry
1982), palynological (Absy et al. 1991; Ledru 1993) and isotope studies (Pessenda
et al. in press a and b; Martinelli et al., in press) have been used to infer past
climatic changes in the Amazonia, Central, Southeast and South regions of Brazil.
Paleo-ecological and geomorphological studies suggest the occurrence of
severe climatic changes in the South American continent. It has been hypothesized
that there were drier periods during the Pleistocene and Holocene than the present,
when the tropical forest was replaced by savannah vegetation with predominance
of grasses (Van der Hammen, 1974; Absy and Van der Hammen, 1976; Absy,
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1980; Ab'Saber, 1982; Leyden, 1985; Bush and Colinvaux, 1990; Markgrat 1991).
An understanding of the degree to which these changes affected the composition of
the soil organic matter (SOM) would improve our ability to understand changes in
the tuture.

The stable carbon isotope composition ("C/*C, or 8"°C) of SOM contains
information regarding the presence/absence of C; and C, plant species in past plant
communities, and their relattve contribution to community net primary production
(Throughton et al., 1974; Stout et al., 1975). This information has been utilized to
document vegetation change (Hendy et al., 1972; Dzurec et al., 1985), to infer
climate change (Hendy et al., 1972) and to estimate rates of SOM turnover (Cerri
et al., 1985).

The 8°C values of C; plant species range from approximately -32%o to -20%o

PDB, with a mean of -27%o, while, in contrast, the §"°C values of C, species range
from -17%o to -9%o, with a mean of -13%.. Thus, C; and C, plant species have
distinct 8"°C values and differ from each other by approximately 14%o (Boutton,
1991).

In this chapter changes in the SOM of Brazilian soils and their relationships
with past climatic changes are analyzed. The aim of the project developed in the
Radiocarbon Laboratory of CENA was to correlate radiocarbon datings to the °C
composition of SOM, with the objective of studying the evolution of local
vegetation in the past. '*C dating was used to estimate soil organic matter

chronology and §°C was used as an indicator of the vegetation types (C; vs. Cy) in
the local environment.

Material and Methods

The soil samples were collected from natural forests of Londrina, 51°10°W,
23°18’S, Parana State, in the south of Brazil; Piracicaba, 47°38°W, 22°43°S, Sao
Paulo State, in the southeast; Salitre de Minas or Salitre, 46°46°W, 19°00°S,
central Brazil; and Altamira, 3°30°S, 52°58’W, Para State, in the north (Fig. 1).

The natural forest at Londrina, Piracicaba and Salitre is a Mesophitic semi-
deciduous type forest and at Altamira is part of the Amazon forest. The soils of
Londrina and Altamira are “Terra Roxa Estruturada”, according to the Brazilian
soil classification, Alfisol in the American soil classification. The soil sample from
Piracicaba 1s a “Latossolo Vermelho Escuro” (Dark Red Latosol), according to
Brazilian soil classification, Oxisol in the American soil classification, and the soil
from Salitre is a “Latossolo Vermelho Amarelo” (Yellow Red Latosol), Oxisol in
the American soil classiitcation.
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Fig. 1: Map showing the sites studied

Soils at all sites were sampled by collecting up to 10 kg of material in 10 cm
increments from the surface to 180 c¢cm depth. 1 kg of the sampled material was
dried at 60°C to constant weight and root fragments were discarded by hand-
picking. Any remaining plant debris was removed by flotation in hydrochloric acid
0.01 M, dried again to constant weight and sieved (0.105 mm for 8"°C and 0.210
mm for *C).

The humin fraction was extracted from the 0.210 mm fraction (2.5 kg), using
conventional methods (Dabin, 1971; Goh, 1978; Anderson and Paul, 1984): a)
acid digestion in hydrochloric acid 0.5 M at 70°C - 80°C for 4 hours and washing
with distilled water until pH reaches 3 to 4; b) reaction of the solid residue with at
least 30 liters (10 liters per extraction) of sodium pyrophosphate - sodium
hydroxide 0.10 M for about 36 hours (12 hours per extraction) and washing with
distilied water until pH reaches 3 - 4; ¢) hydrolysis of residue with 4 liters of
hydrochloric acid 3 M at 100°C for 12 hours, followed by washing with distilled
water until pH reaches 3 to 4; d) the solid residue was dried at 40°C for 48 hours
and sieved (<0.210 mm).
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The charcoal samples were hand separated from 10 kg soil samples from
Salitre, oven dried at 90°C, weighed artd freated using the conventional AAA
(acid-alkaline-acid) treatment. From the deepest samples (2.20 m to 3.45 m)
charcoal was hand separated from small amounts of soil with the aid of a 5 mm
sieve. These samples were used only for °C analyses.

The '*C analyses on charcoal and humin samples were carried out at the
Radiocarbon Laboratory of the Center for Nuclear Energy in Agriculture (CENA),
using the benzene method and liquid scintillation counting (Pessenda and
Camargo, 1991). Benzene samples were counted for at least 48 hours in a low
level Packard 1550 liquid scintillation counter. Radiocarbon ages are expressed in
years BP and percent modern carbon (pmC) relative to 95% of the activity of
oxalic acid standard in 1950 and normalized to a §"°C of -25%0 PDB (Stuiver and
Polach, 1977).

The carbon isotopic ratios of SOM were determined by mass spectrometry of
CO;, from sample combustion in an atmosphere of pure oxygen at 900°C. Results
were expressed as 8''C with respect to PDB standard in the conventional & (%o)
notations.

Carbon contents of soil samples were determined in 1 to 5 g of <0.105 mm
fraction by combustion in a C,H auto-analyzer and values expressed as weight
percent of dry sample.

Results and Discussion

The total organic carbon contents of soils are shown in Fig. 2. The total carbon
concentration decreased from the surface to the deeper depths for all soils. The
highest concentrations in all soil profiles were observed in Salitre, probably due to
the presence of charcoal found in the soil.

The values of 8"°C in SOM are shown in Fig. 3. The values obtained between
the surface and the 40-50 c¢m interval are representative of C; plants, reflecting the
current local vegetation (forest) in all soil environments. These values remained
almost constant in the case of Altamira, characterizing the predominance of C;
vegetation during the last 9,810 yrs. BP. In Salitre soil, the values ranged from -
26.0 %o to -21.0%e and the isotopic trend observed in these data could be due to
isotope fractionation effect, occurring during microbial respiration, resulting in a
gradual increase in 8"°C of SOM with time (Stout et al., 1975; Becker-Heidmann
and Scharpenseel, 1992) and/or a change from a mixed C; and C, vegetation to
predominantly C; vegetation in the period from 8,790 yrs BP to 1,820 years BP.
For Londrina and Piracicaba soils, the values show a significant change from -
21.6%o0 to -15.0%o0, probably indicating predominance of C, vegetation in both sites
in the periods from 10,800 yrs BP to 3,090 yrs BP and about 6,000 yrs BP to
3,440 yrs BP, respectively. These results suggest that in the case of tropical
regions, a) the savannah vegetation was dominated by C; grasses; b) woody
vegetation instead of grasses dominated the vegetation changes during these
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phases; c¢) the replacement of the forest by savannah vegetation was restricted to
small areas.
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Fig. 3: '*C age and §"°C variation as function of soil depth
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In Central Brazil, in the Salitre area, Ledru (1993) described changes during the
last 32,000 yrs BP based on pollen analyses. She postulated two major periods of
forest retreat and predominance of savannah vegetation (grasses), probably
associated with very dry climatic conditions. These were from 11,000 to 10,000
yrs BP and 6,000 to 4,500 yrs BP. Dry periods have also been reported in the
Central Amazon Basin and other areas of South America during the Holocene
(Absy, 1982; Van der Hammen, 1982). The most significant dry phases recorded
in these areas and Southern Brazil are 7,500 to 6,000 yrs BP; 4,200 to 3,500 yrs
BP; 2,700 to 2,000 yrs BP; 1,500 to 1,200 yrs BP and 700 to 400 yrs BP
(Bigarella, 1971; Fairbridge, 1976; Absy et al. 1991),

It seems that the dry phases registered by Ledru (1993) in the Salitre area and

by several authors in other regions are in very good agreement with the data

obtained in this paper for Central and Southern parts of Brazil, probably indicating
that the sub-tropical region was much drier than the tropical region during climate
changes in the early and middle Holocene. |

Charcoal is present along the entire soil profiles at the three sampling locations
in Salitre (Fig. 4). Some peak values are observed at certain soil depths, without
any clear correlation between the three locations. The presence of charcoal 1n this
soil 1s a clear indication that this arca has been affected by forest fires, probably
during most of its history. The extremely elevated charcoal contents in some soil
horizons indicate that these events were more severe during some periods,
probably indicating drier conditions. In the upper Rio Negro (Colombia and
Venezuela), the presence of charcoal was reported, indicating the occurrence of
frequent and wide-spread fires in the Amazon Basin, possibly associated with
extremely dry periods and/or human disturbances (Saldarriaga and West, 1986).
These events range from 6,000 yrs BP to the present and several events coincide
with dry phases recorded during the Holocene (Absy, et al., 1982; Van der
Hammen, 1982). -
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Fig. 4: Charcoal distribution as function of soil depth in Salitre
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Fig. 5: '*C dating of charcoal samples from Salitre as function of soil depth
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Fig. 6: "*C dating of charcoal and humin samples in Salitre

Charcoal "*C ages range from 160 yrs BP close to the soil surface to 8,790 yrs
BP at 2.0 m depth (Fig. 5). Considering the age profiles, it is possible to expect
that charcoal at the deepest locations should have a radiocarbon age of at least
12,000 yrs BP. These data show that the ages at the three locations were similar in
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some horizons. However the charcoal samples from the fourth location seem to be
older than in the other locations. At the above location, between 150 and 180 cm,
the ages were very similar, suggesting a mixing of charcoal at this depth interval.

Figure 6 shows the **C dates of charcoal and humin samples. No significant age
differences were obtained until a depth of 155 cm, demonstrating that the humin
can be a useful fraction to date SOM. At 2.0 m depth, the humin was about 2,000
years younger than the charcoal age, indicating that the input of younger carbon by
translocation significantly affected the humin in the deepest parts of the soil
profile.

Conclusions

Carbon isotope data in SOM (humin fraction) collected 1n soil profiles from
Altamira, in the Amazon region, Salitre de Minas, central Brazil, and Piracicaba
and Londrina, in the southern region of Brazil, indicate that the organic matter in
these soils is at least Holocene in age. The presence of significant amounts of
charcoal in the Salitre area suggests that forest fires were a significant process
during the Holocene. §"°C data in SOM indicate that C; plants were the dominant
vegetation in the Altamira region and probably a mixture of C; and C, plants was
the dominant vegetation in Salitre during the period 8,790 yrs BP to 1,820 yrs BP.
For Piracicaba and Londrina the 8"C data indicate a predominance of C4 plants
during the early and middie Holocene, probably indicating that the southern region
of Brazil was much drier than the tropical region during climate changes in the

past.
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