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ABSTRACT: The diagnostic anthropic A horizon in the Brazilian Soil Classification System
(SiBCS) and the Pretic horizon in the World Reference Base for Soil Resources (WRB)
comprise the surface mineral genetic horizons of soils formed under strong influence of
original indigenous communities for a long time, notably in Brazil those known as Terras
Pretas de indio (TPI) or Amazonian Dark Earths (ADE). The surface horizons of these soils
in Brazil are characterized by ceramic artifacts, charcoal, dark colors, and higher levels of
carbon, calcium, magnesium, and phosphorus than the adjacent soils. This study aimed
to propose additional quantitative criteria for the anthropic A horizon in the SiBCS and
contribute to the Pretic horizon and Pretic Anthrosols in the WRB. A database of many
studies on these soils was compiled, including morphological, physical, and chemical
diagnostic characteristics of horizons classified as anthropic (Au) in anthropized soils.
The following data was used to identify and differentiate these horizons: thickness, color
(value and chroma), pH(H,0), calcium (Ca?*), magnesium (Mg?*), sum of bases (SB),
cation exchange capacity (CEC), base saturation (V), available phosphorus (P - Mehlich-1
extractant), and organic carbon (C,,). For SiBCS, it is suggested to define the diagnostic
anthropic A horizon based on a limit of organic carbon content (C,,,) greater than or equal
to 6.0 g kg* and a color with value =4 and chroma =<3; to create the “anthropic character”
for surface mineral diagnostic horizons with expressive anthropic modifications that do not
meet the quantitative criteria of thickness, color, P, and C,, for the diagnostic anthropic
A horizon; and to define a criteria of “anthric properties”, to be used in soils in which the
surface mineral diagnostic horizons show recent and significant modifications due to
agricultural and/or other activities, meeting a P content (Mehlich-1 extractant) 230 mg kg!
and V =50 %, abrupt transition from the surface horizon to the subsequent one, and/or
absence of transitional horizons AB and/or BA. In the WRB system, it is proposed that the
Pretic horizon should maintain the P content (Mehlich-1 extractant) =30 mg kg, and in
the Pretic Anthrosols class, to reduce the combined thickness of Pretic sub horizons to
>0.30 m (0.30 m) within 1.00 m (1.00 m) of the mineral soil surface.

Keywords: SiBCS quantitative criteria, Amazonian Dark Earths, Pretic horizon, Pretic
Anthrosol.
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INTRODUCTION

Soils with horizons formed or modified by intense human activity occur in various regions of
Brazil; however, they have been mainly reported in the Amazon, where they are identified
as Terras Pretas de indio (TPI) and internationally as Amazonian Dark Earths (ADEs) (IUSS
Working Group WRB, 2015, 2022). Dating indicates their formation between 2,500 and
500 years before present (Neves et al., 2004), and they occur mostly in ancient human
occupation sites, usually near rivers and watercourses (Kern and Kampf, 1989; Kern et
al., 2003; Kampf and Kern, 2005; Woods et al., 2009; Schmidt et al., 2014).

The term TPI originated from the identification of soils containing ceramic artifacts, dark
colors, and high nutrient contents in surface horizons. Compared to adjacent soils, these
soils present higher pH(H20), calcium (Ca?*), magnesium (Mg?*), and available phosphorus
(P), as well as higher zinc (Zn), manganese (Mn), and barium (Ba) contents, along with
higher cation exchange capacity (CEC) and base saturation (V) (Kdmpf and Kern, 2005;
Glaser, 2007; Cunha et al., 2009a). The dark coloration is due to pigmentation from
carbonized organic matter, such as charcoal, while the high CEC results from carbon
structures of high stability and a large number of negative charges (Liang et al., 2006;
Cunha et al., 2009b; Fontana et al., 2017).

A proposal for a classification structure for the Amazonian Dark Earths and other ancient
anthropic soils was presented by Kampf et al. (2003), designed to address the combined
needs of scientists from different fields interested in the identification and data ordering
of ADEs and other ancient anthropic soils. The author’s classification prioritizes and
emphasizes soil properties influenced by ancient humans, their surroundings and history,
and subsequent pedogenesis. They present their classification as a new, independent
formal soil classification system and highlight the limited knowledge of these ancient
anthropic soils. As a final statement in the document: “The authors hope that in time
formal soil classification systems will be adequate for a proper distinction of the variety
of Amazonian Dark Earths and other ancient anthropic soils”.

However, the ADEs are identified only by the anthropic A surface diagnostic horizon placed
in some soil classes at the subgroup level of the Brazilian Soil Classification System -
SiBCS (Santos et al., 2025), which encompasses horizons intensively modified by human
(anthropic) influence in the past. Although this horizon has been part of SiBCS since its
first edition in 1999 (Embrapa, 1999), its definition was slightly modified in later editions,
with the criteria remaining predominantly qualitative (Santos et al., 2006, 2013).

In the 2018 edition of SiBCS (Santos et al., 2018), based on the study of Cordeiro et al.
(2017), quantitative criteria for thickness and available P (Mehlich-1 extractant) were
included. In the most recent edition of the SiBCS (Santos et al., 2025), the anthropic A
horizon is defined as:

Formed or modified by humans through prolonged use, whether as a dwelling, disposal,
or cultivation site, showing evidence of additions of organic and/or mineral materials
of varied nature, with the presence of ceramic artifacts and/or shells, mixed or not
with lithic artifacts, bones, or traces of fire (charcoal and ashes). The anthropic A
horizon (including intermediate horizons AB, AE, and AC), in addition to one or more
of the above-mentioned evidences of past human activity, must meet the following
quantitative requirements: (a) thickness =20 cm, continuous or cumulative, within
the first 80 cm from the soil surface; (b) available phosphorus (Mehlich-1 extractant)
=30 mg kg! (Santos et al., 2025, p. 63).

In the World Reference Base for Soil Resources (WRB) system (IUSS Working Group
WRB, 2015, 2022), the anthropic horizons of the ADEs are identified as Pretic horizon
if they meet some diagnostic criteria. The name of the Pretic horizon derives from the
Portuguese word preto (black), referring to the dark color of the surface horizon, and it
is qualitatively defined as following:
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... IS @ mineral surface horizon that results from human activities with the addition
of black carbon, especially charcoal. It is characterized by its dark colour, usually
the presence of artefacts (ceramic fragments, lithic instruments, bone or shell tools
etc.) and high contents of organic carbon, phosphorus, calcium, magnesium and
micronutrients (mainly zinc and manganese), usually contrasting with natural soils in
the surrounding area. It contains remnants of black carbon, which may be recognized
visually or by chemical analyses (IUSS Working Group WRB, 2022, p. 62-63).

Soils with Pretic horizons are widespread in the Amazon Basin, where they are the result
of original indigenous communities’ activities, and the soil characteristics resulting from
anthropic changes (Lombardo et al., 2022) have persisted over many centuries despite
the prevailing humid tropical conditions, which generally lead to high organic matter
mineralization rates. In the WRB, soils with a Pretic horizon are associated with the ‘Terra
Preta de Indio’ or ‘Amazonian Dark Earths’, and their high organic carbon stocks and the
common occurrence of low-activity clays are highlighted.

Regarding diagnostic criteria in the WRB (IUSS Working Group WRB, 2022), the Pretic
horizon is defined as:

...a surface horizon consisting of mineral material and has:

1. a Munsell color value =4 and chroma <3, both moist; and

2.=0.6 % (6.0 g kg?) soil organic carbon,; and

3. exchangeable Ca plus Mg (by 1 M NH40Ac, pH 7) of =1.0 cmol. kg fine earth; and
4. =100 mg kg* P in the Mehlich-3 extract; and

5.

one or more of the following subitems: (a) visible black carbon =1 % (by exposed
area relative to fine earth); or (b) both: i. black carbon =20.3 % determined by chemical
analysis; and ii. a ratio between carbon belonging to molecules of black carbon and
total organic carbon of =0.15, determined by chemical analyses;

and

6. one or more layers with a combined thickness =20 cm (IUSS Working Group WRB,
2022, p. 63)

Also, in the WRB, one of the criteria for defining the Anthrosols reference group is - “a
pretic horizon, the layers of which have a combined thickness of =50 cm, within 100 cm
of the mineral soil surface” (IUSS Working Group WRB, 2022, p. 96).

The premise of this study is that the current quantitative criteria for identifying the
anthropic A horizon (SiBCS), as well as the Pretic horizon and Pretic Anthrosols (WRB),
require revision to better represent soils identified as ADE in Brazil. This study aimed to
validate and propose additional quantitative criteria for the anthropic A horizon in the
SiBCS and contribute to the Pretic horizon and Pretic Anthrosols in the WRB, based on
results of Brazilian research compiled in a comprehensive database.

MATERIALS AND METHODS

Survey and selection of Anthropic soil studies

For the data collection and review of studies on anthropic soils, the following search
terms were defined: Terra Preta de Indio, Amazonian Soils, Anthropic Soils, Anthropic A
Horizon, Pretic Horizon, Amazonian Dark Earth, TPI, ADE, Prehistoric Human Occupation,
Pre-Columbian Population, Anthrosols, Anthropic Soil Characteristics, Black Carbon,
Pedoarchaeology, Anthropogenesis, Anthropic Soil Profile, and Pre-Columbian Settlements.

The search was limited to publications in Portuguese and English from 1970 to 2019. Web
searches were conducted using the following platforms: Google Scholar, CAPES Journal
Portal, ScienceDirect, SpringerLink, Scielo, ERIC, Science.gov, and Science Research.
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The scientific papers, books, book chapters, reviews, and reports found in each platform
were included in the database.

A total of 84 studies were obtained and classified into two categories: (i) publications with
complete soil profile data: including physical and chemical properties, and morphological
characteristics of soils with an anthropic A horizon, which were used for database
construction; (ii) related documents without full datasets containing relevant contextual
information for this study.

Organization of the Anthropic soil database in a spreadsheet

Twenty-three publications with complete datasets were identified, totaling 104 fully
described profiles characterized by genetic anthropic horizons, designated as “Au”,
according to the Manual for Soil Description and Sampling in the Field (Santos et al., 2015).
Soils sampled by layers and not horizons were excluded. Analytical data were verified
according to the methodology adopted in the SiBCS, and were also discarded profiles
using analytical methods different from those described in Teixeira et al. (2017). The
information was entered into a spreadsheet containing general descriptions, morphological
characteristics, and physical, chemical, and mineralogical properties.

The general description included latitude and longitude, landscape position, slope, vegetation
cover, elevation, lithology, geological formation, chronology, parent material, local and
regional relief, erosion, drainage, primary vegetation, current land use, and climate.

Morphological descriptions comprised horizon nomenclature, upper and lower depth
limits, color, textural class, structure, and dry, moist, and wet consistencies. Physical data
included particle-size distribution (coarse sand, fine sand, silt, and clay), water-dispersed
clay, flocculation degree, silt/clay ratio, bulk density, particle density, and porosity.
Chemical data included pH(H20 and KCl), exchange complex (Ca?+, Mg+, K+, Na*, Al3*, H*),
available phosphorus (Mehlich-1 extractant), sum of bases (SB), cation exchange
capacity (CEC), base saturation (V), organic carbon (C,,), nitrogen (N), sulfuric attack
(SiO2, Al203, Fe203, TiOz, P20s, MnO, Ki, and Kr), Fe and Al extracted by acid ammonium
oxalate and dithionite-citrate-bicarbonate methods. Details on morphological descriptions
and sampling are available in Santos et al. (2015), and analytical methods are available
in Teixeira et al. (2017).

Due to differences in measurement units, harmonization was required to convert
percentage values (%) to g kg and milliequivalents per 100 mL to cmol, kg!. It was
also found that some chemical properties were expressed using different bases, i.e.,
volumetric (cmol. dm3) versus gravimetric (cmol. kg?). Therefore, volumetric data were
converted to gravimetric values using a pedotransfer function (Cordeiro et al., 2020).

Analysis of diagnostic characteristics and definition of criteria for the Anthropic
and Pretic Horizons

The characteristics established in the last and current versions of SiBCS (Santos et al.,
2018, 2025) for the Anthropic horizon were evaluated, such as thickness and available
P (Mehlich-1 extractant), as well as additional ones proposed in this study for inclusion,
namely organic carbon and color (value and chroma), which are key indicators for
identifying TPIs or ADEs. In this study, the Pretic horizon, the limit value of P, the extractant
method, and the combined thickness were considered to define the Pretic Anthrosols
(IUSS Working Group WRB, 2022).

Data evaluation and pattern identification for the distribution of Athropic A horizon
characteristics were performed using simple data dispersion (trend and range), measures
of central tendency (mean, mode, or median), and/or frequency distribution analysis.
Subsequently, the horizons and profiles were classified according to the SiBCS (Santos
et al., 2025) and WRB (IUSS Working Group, 2022), followed by reclassification based
on the proposed criteria for both soil classification systems.

Rev Bras Cienc Solo 2026;50nspel:e0250048 4



Cordeiro et al. Anthropic soils in SiBCS and WRB: Review of criteria and conceptualization...

’r-
‘
Y\

RESULTS AND DISCUSSION

Soil classes with Anthropic horizon and morphological characteristics

In the previous and current editions of SiBCS (Santos et al., 2018, 2025), the presence
of a surface diagnostic Anthropic A horizon is used as a criterion to differentiate classes
at the 4th (subgroup) or 5th (family) categorical levels. Therefore, different soil orders
present this type of surface horizon.

Among the 104 profiles analyzed, at the suborder level of the SiBCS, the most frequent
classes where anthropic horizons are considered are the Argissolos Acinzentados,
Vermelhos, Vermelho-Amarelos, and Amarelos, and the Latossolos Vermelho-Amarelos
and Amarelos (Figure 1). However, anthropic horizons are also included in Cambissolos
Flavicos and Haplicos; Neossolos Litdlicos, Regoliticos, Quartzarénicos and Flivicos;
Gleissolos Haplicos; Plintossolos Pétricos and Argildvicos; and Luvissolos Crémicos.

The upper boundary of Anthropic A horizons of soils in the database ranged from 0.00 to
1.64 m, and the lower boundary from 0.03 to 2.00 m (Figure 2; Table 1). The vast majority
(approximately 84 %) began within the upper 0.50 m of the profile, and a smaller portion
(about 12 %) between 0.50 and 1.00 m depth. For the lower limit, most horizons ended
within 0.50 m depth (65 %), with about 25 % between 0.50 and 1.00 m. Regarding their
position in the profile, buried anthropic A horizons (designated as Aup) were identified in
15 profiles. It is therefore proposed that the description of the Anthropic A horizon should
include the indication that they may or may not begin at the soil surface, different from
other mineral surface diagnostic horizons in the SiBCS.

The minimum thickness of horizons identified as Anthropic in the database was 0.08 m,
and the maximum was 2.00 m (including transitional horizons), with most diagnostic
surface horizons less than 1.00 m thick (Figure 3; Table 1). The average thickness was
approximately 0.59 m, and the median 0.55 m, with only three horizons thinner than
0.20 m.

About 97% of the profiles in the database had Anthropic A horizons with combined
thicknesses (sum of all subhorizons) =0.20 m. This value matches previous findings from
the same dataset (Cordeiro et al., 2017) and corroborates the criterion adopted in the last
two SiBCS editions (Santos et al., 2018, 2025). Moreover, the same minimum thickness
is used as a criterion for the Pretic horizon in the WRB (IUSS Working Group WRB, 2022).

The hues of the Anthropic A horizons ranged from 2.5YR to 5Y, with the vast majority
showing hue 10YR, followed by 7.5YR, 5YR, and a few with 2.5Y and 5Y. The value and
chroma (moist) were predominantly =4 (92 % of horizons) and <3 (94 %), respectively
(Figure 4).

Figure 1. Profiles of Brazilian soils with Anthropic A horizons, from left to right, in the states of
Maranhdo, Roraima, Rond6nia and Amazonas (Photos from A. Fontana).
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Figure 2. Initial and final depth values of Anthropic horizons of Brazilian soils.
Table 1. Initial and final depths, thickness, value, and chroma of Anthropic horizons of Brazilian soils
Variavel Initial depth Final depth Thickness Value Chroma
m
Average 0.269 0.486 0.593 3 2
Median 0.180 0.400 0.555 3 1
Mode 0.00 0.200 0.600 3 1
Standard deviation 0.322 0.395 0.319 1 1
Minimum 0.00 0.03 0.08 2 0
Maximum 1.64 2.00 2.00 6 6
Count 281 281 104 255 255
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Figure 4. Value and chroma of Anthropic A horizons of Brazilian soils.

The predominance of low value and chroma reflects the dark color typical of these
horizons, due to their high organic matter content and the presence of carbonized
material from various plant sources. The accumulation of organic matter in these soils
is attributed to original indigenous communities’ activities for a long time, especially
with the use of fire, which transformed organic biomass into charcoal (black carbon)
(Glaser and Amelung, 2003; Cunha et al., 2009b; Teixeira et al., 2009; Lombardo et al.,
2022). Carbonized organic matter is recalcitrant and contains pigmenting properties
that produce a black color (Liang et al., 2006). When Anthropic A horizons display higher
values and chroma (i.e., lighter colors), this may indicate areas with lower pyrogenic
carbon content, resulting from reduced fire use by original populations or a short period
of site occupation (Liang et al., 2006).
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Regarding color, neither the previous nor the current editions of SiBCS (Santos et al., 2018,
2025) include color as a criterion for defining the Anthropic A horizon; even though this
is a distinctive feature for identifying and naming these soils in the Amazon. In contrast,
the WRB applies a color criterion for the Pretic horizon (value =4 and chroma <3, moist)
(IUSS Working Group WRB, 2022). Therefore, it is suggested that color (value and chroma)
be incorporated into the definition of the Anthropic A horizon in SiBCS, as the dark color
is a fundamental characteristic for defining ADEs, as mentioned by Kampf et al. (2003).

Grain size and chemical properties

In the particle-size distribution of the anthropic A horizons, the sand fraction stands out,
with a mean and median of 429 and 420 g kg, respectively, and minimum and maximum
values of 30 and 930 g kg, with fine and coarse sand being approximately equivalent.
The clay fraction has a mean and median of 293 and 270 g kg?, respectively, with
minimum and maximum values of 40 and 765 g kg (Table 2). The silt fraction shows a
mean and median of 281 and 248 g kg, respectively, with @ minimum of 10 g kg* and
a maximum of 885 g kg (Table 2).

The large variation in particle-size fractions results from the predominant occupation
of sites near water streams, floodplains, adjacent bluffs, and interior upland soils, and
across different soil types (Kampf et al., 2003; Miranda, 2018). Although particle-size
distribution is an important criterion for defining diagnostic horizons in the SiBCS (e.g., B
textural - textural gradient and B /atossdlico - minimum clay content), it is not relevant
as a criterion for the anthropic A horizon. According to Lima (2001) and Corréa (2007), in
addition to high variability, the particle-size fractions are not different from the surrounding
soils without the anthropic horizon.

However, in some profiles with anthropic horizons, AM01 from the XV RCC of 2025
(Oliveira et al., 2025) and RO-08 from the XIl RCC of 2018 (Oliveira et al., 2019), the
textural gradient seems to be augmented in these soils. One hypothesis is that the
increase in sand fraction of the anthropic horizon occurs mainly due to the effect of fire
in clay particles - vitrification, forming larger particles, and the presence of sand-size
ceramic fragments (Teixeira and Martins, 2004), and is also intensified by the process
of argilluviation (Macedo et al., 2017).

The pH(H20) values of the Anthropic A horizons are mostly above 5.0, with a mean and
median of 5.7, and minimum and maximum values of 3.7 and 7.9, respectively (Table 3).
Aluminum (AP*) content ranges from 0.0 to 5.5 cmol. kg, but AI*+ generally contributes
little to the cation exchange complex (Table 3). This is a favorable characteristic of ADEs,
as AR+ can limit root growth and plant productivity.

The pH and A3+ contents of Anthropic A horizons differ from non-anthropic soils in
the Amazon (Lima, 2001; Lehmann et al., 2003; Kdmpf and Kern, 2005; Corréa, 2007;
Glaser, 2007; Cunha et al., 2009a; Campos et al., 2011). The lower acidity of anthropic
horizons is directly related to the addition of carbonaceous materials, mainly ashes,
which contain alkaline components such as calcium carbonate, calcium hydroxides,
calcium sulfate, iron and magnesium salts, and sodium and potassium carbonates and
hydroxides (Woods et al., 2009).

It is known that the high rainfall and intense biological activity favor rapid decomposition
of organic matter and leaching of exchangeable bases such as Ca?*, Mg?*, and K* (Echart
and Cavalli-Molina, 2001). However, the high Ca?+ and Mg?* contents found in anthropic
soils such as the ADEs are linked to the addition of bones, ashes, and residues rich in
these elements, and the pyrogenic carbon (Lima, 2001; Madari et al., 2009; Teixeira et al.,
2009; Schmidt, 2013; Schaefer et al., 2017).
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Table 2. Particle-size fractions of the Anthropic horizons of Brazilian soils

Variavel Coarse Sand Fine Sand Total Sand Silt Clay
g kg*

Average 195 208 429 281 293
Median 140 160 420 248 270
Mode 10 180 280 130 100
Standard deviation 179 140 227 190 149
Minimum 0 14 30 10 40
Maximum 709 641 930 885 765
Count 210 225 236 248 265
Table 3. Chemical properties of the Anthropic horizons of Brazilian soils

Variavel pH(H,0) Ca?** Mg?** Ca?**+Mg** SB A3+ CEC \') P (Mehlich-1) G

cmol. kg % mg kg g kg!

Average 5.7 8.9 1.1 9.9 10.1 0.4 19.1 53 556 29.2
Median 5.7 7.3 0.8 8.1 8.1 0.0 15.6 59 187 22.7
Mode 5.2 0.0 0.0 0.0 0.1 0.0 8.3 83 173 8.0
Standard deviation 0.8 8.0 1.1 8.6 8.7 0.8 14.1 28 937 22.6
Minimum 3.7 0.0 0.0 0.0 0.0 0.0 3.0 0.0 3.0 1.4
Maximum 7.9 41.6 6.7 42.5 43.0 5.5 107.0 100 7,761 1115
Count 281 281 278 281 281 245 262 281 268 237

SB (S Value): sum of bases; CEC (T Value): cation exchange capacity; V (V Value): base saturation; P: available phosphorus; C,4: organic carbon.

In the profiles identified as having Anthropic A horizon in the database, the Ca?* and
Mg?+ contents show a wide range, varying from 0.0 to 42.5 cmol. kg?, with a mean of
9.9 cmol, kg! and a median of 8.1 cmol. kg (Table 3). Most Anthropic A horizons have
Ca?* + Mg?*+ contents =1.0 cmol, kg (Figure 6), which is the minimum value required
to define the Pretic horizon in the WRB (IUSS Working Group WRB, 2022).

In general, Anthropic A horizons with low Ca?* and Mg?* contents are associated with
sandy textures (over 70 % sand) (Corréa, 2007; Martins et al., 2007). These elements
may have been removed over time due to agricultural cultivation at the present, leaching,
or lower initial additions in areas where the anthropic horizons formed, possibly due to
less intense or brief time of human occupation. Therefore, it is not recommended to
incorporate this property as a criterion for the Anthropic A horizon in the SiBCS, and in
the Pretic horizon of WRB.

Given the high levels of cations in the exchange complex, particularly Ca2* and Mg?+, the
sum of bases (SB) values ranged from 0.0 to 43.0 cmol. kg?, with a mean of 10.1 cmol. kg
and a median of 8.1 cmol. kg (Table 3). Few horizons presented an SB value below the
detection limit of the methods used to measure the bases (0.0 cmol. kg?), as reported
by Corréa (2007) and Martins et al. (2007), both with sandy soils (over 70 % sand).

Consistent with the SB values, the cation exchange capacity (CEC) and the base saturation
(V) values are both high (Table 3). Values of CEC ranged from 3.0 to 107.0 cmol. kg?,
with a mean of 19.1 cmol, kg and a median of 15.6 cmol. kg*. The V values range from
0.2 % (sandy soils) to 100 %, with a mean and median of 53 and 59 %, respectively,
and most horizons showing values equal to or above 50 %. Organic matter strongly
influences the amount of negative charges and cation retention in anthropic horizons
(Fontana et al., 2017).

Although most Anthropic A horizons exhibit high CEC and V values, distinguishing them
from non-Anthropogenic soils, these parameters vary with soil granulometry and organic
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matter content. Therefore, the incorporation of these diagnostic characteristics into the
classification of the Anthropic A horizon in the SiBCS is not recommended.

Available phosphorus (P), determined using the Mehlich-1 extractant, shows a wide range
of values, from 3 to 7,761 mg kg, with a mean of 556 mg kg* and a median of 186 mg kg!
(Table 3). The high P contents are attributed to the deposition of bones, ashes, and human
waste, which are considered key indicators of human activity in soils (Lima et al., 2002;
Kampf and Kern, 2005; Birk et al., 2011; Barbosa et al., 2020). The horizons with low P
contents were reported by Kampf and Kern (2005), Corréa (2007), Souza (2011), Silva
et al. (2012), Cavassani (2021), and Miranda (2018). Therefore, based on the threshold
value of 30 mg kg (Figure 6), approximately 87 % of the Anthropic A horizons meet
this criterion. Thus, the results validate maintaining the value of 30 mg kg* of P as a
classification criterion for the anthropic A horizon in the SiBCS.

45.0
+
40.0 ot
35.0 + +
+
= 300 + M
Qo + +
< + ¥+ + + +
g 25.0 + + + _-Is-_+ +
S 200 R - *
% + + + + + +
2 150 4, b HLoag® T T
+ *++i +++i + F + _‘_+J1:+_|+ + ++
& + +
8 100 +FH il T -q;#""" + ot
* + +t ¥ + + +F +h +f+ +#
+ FH +
50 4 + 4 te 4 + + T T
i + + + 4 ¥
.ﬁ-'jl_-__ﬁ._ + £ e + + 4+ -h"-'lt +t+ #‘h—ﬁ +
00 % i 4 W T
0 50 100 150 200 250 300

Number of horizons

Figure 5. Sum of the exchangeable Ca + Mg values of the Anthropic horizons of Brazilian soils.
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Figure 6. Phosphorus (Mehlich-1 extractant) values of the Anthropic horizons of Brazilian soils.
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Organic carbon (C,,) contents range from 1.4 to 111.5 g kg, with a mean of 29.2 g kg*
and a median of 22.7 g kg (Table 3; Figure 7). The importance of C,, levels in the
characterization of the Anthropic A horizon is emphasized by their higher values compared
to those of underlying subsurface horizons in the profile and of surrounding non-anthropic
soils.

The main factors influencing C,, contents include the type, amount, and quality of
the deposited organic material - both current and past - such as shells, palm leaves,
wood, and other residues, as well as the form and intensity of carbonization processes
(campfires and burnings). Furthermore, the interaction between organic matter and
minerals, particularly clays, contributes to the formation of highly stable organo-mineral
complexes (Alho et al., 2019).

Therefore, a threshold of C,,, =0.6 % (6.0 g kg?) is recommended for inclusion in the
definition of the Anthropic A horizon in the SiBCS, corresponding to the same lower
limit already adopted for chernozemic A horizons and other mineral diagnostic surface
horizons, also separating from the weak A horizon. Additionally, the inclusion of C,; as a
diagnostic criterion is considered appropriate, given its deposition and its predominant
role in distinguishing TPIs (Glaser and Amelung, 2003; Kampf et al., 2003; Cunha et al.,
2009b; Teixeira et al., 2009).

Proposed criteria for defining the anthropic horizon in the SiBCS

The quantitative characteristics of the diagnostic Anthropic horizon in the SiBCS
(Santos et al., 2025) were adjusted from previous versions and based on the study by
Cordeiro et al. (2017). These include a thickness greater than or equal to 0.20 m (20 cm)
continuous or cumulative within the first 0.80 m (80 cm) of the soil surface, and an available
phosphorus (P) content (Mehlich-1 extractant) greater than or equal to 30 mg kg.

As for organic carbon (C,,) and color (value and chroma), which are not yet considered
in the SiBCS, these characteristics are essential for distinguishing and characterizing
the anthropic influence in the ADEs, since they are directly related to the deposition
of organic materials and pyrogenic carbon acting as anthropic markers. Under these
conditions, it is suggested that these characteristics be incorporated into the definition
of the Anthropic horizon in the SiBCS, according to the following proposal:

Corg

Figure 7. Organic carbon (C,,) values of the Anthropic horizons of Brazilian soils.
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Anthropic A horizon
i) Color: value =4 and chroma =3 (moist soil);
ii) Organic carbon (C,,) 26.0 g kg™.

Based on the current SiBCS criteria (Santos et al., 2025), of the total of 77 soil profiles in
the database, approximately 70 profiles (90 %) exhibit a diagnostic Anthropic A horizon
(Table 4). With the inclusion of the C,,, and color (value and chroma) criteria, about 65
profiles (84 %) would be characterized as having an Anthropic A horizon (Table 4).

Although this results in a reduction of five profiles (6 %), the proposed modification still
encompasses the vast majority of surface horizons described as anthropic in the literature
compiled in this study. The inclusion of color and C,, as criteria allows separating the
ADEs from surrounding soils; in this way, preserving them as cultural sites and areas
of high importance for traditional communities that still use these soils for agriculture.

For those profiles that contain horizons with anthropic modifications but do not meet the
current criteria in the SiBCS or the proposed one for the diagnostic Anthropic horizon, it
is suggested to apply the designation “anthropic character”, as defined below:

Anthropic character

Used to describe surface mineral horizons that exhibit anthropic modifications such as
the presence of ceramic and/or lithic artifacts, bones, shells, charcoal, and ash, but that
do not meet one or more of the quantitative criteria for the Anthropic horizon (thickness,
color value and or chroma, P, or C,).

For horizons that show significant modifications by human activities but are not associated
with the Anthropic horizon, neither originated from past human activities, as described
in the formation of the ADEs, it is proposed that the SiBCS introduce the designation
“anthric property”, as defined below:

Anthric properties

Applied to surface mineral horizons that have been formed or substantially modified
by recent human activity. Examples of anthric properties include increases in nutrient
levels due to fertilization (organic or mineral) and reductions in soil acidity through
liming, compared to subsurface horizons in the profile or to surrounding soils that are
not modified. In the case of chernozemic A horizons, additional modifications in thickness
and color may also occur.

Indicators of alteration caused by agricultural practices, such as fertilization and liming
at levels compatible with high-demand crops, include: P (Mehlich-1 extractant) equal
to or greater than 30 mg kg and V equal to or greater than 50 % (Tomé Junior, 1997).
As a complementary diagnostic criterion, the presence of an abrupt transition between
the surface and the underlying horizon and/or the absence of transitional AB and/or BA
horizons due to homogenization from tillage or deep plowing.

The designation of the horizon would include the term “anthric” and be applied to the
following surface diagnostic horizons: Anthric Chernozemic A, Anthric Humic, Anthric
Prominent, and Anthric Moderate.

Proposed contribution to the Pretic horizon and Pretic Anthrosols in the
WRB

As a contribution to the WRB, some modifications are proposed for the definition of the
Pretic horizon, and for the Pretic Anthrosols. The suggested adjustments involve the P
threshold values, and the thickness of the Pretic for the reference group of Anthrosols.
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Table 4. Classification of soil profiles according to current SiBCS criteria and the proposed definition for the Anthropic horizons of

Brazilian soils

SiBCS Current Criteria and Proposal Number of profiles %
Total Profiles = 104
Without the necessary data to classify 27 -
- With the necessary data to classify 77 100
g:{;erggiirze&ii];%rnthe Does not attend thickness criterion (=0.20 m - 20 cm) 3 4
Does not attend P content criterion (=30 mg kg!) 4 5
Profiles with anthropic A horizon 70 90
Without the necessary data to classify 27 -
With the necessary data to classify 77 100
Proposal for new Does not attend thickness criterion (=0.20 m - 20 cm) 3
criteria for the Does not attend color criterion (valor <4 e croma <3)
anthropic A horizon Does not attend P criterion (=30 mg kg*) 4 5
Does not attend C org criterion (=6.0 g kg!) 6
Profiles with anthropic A horizon 65 84

SiBCS: Sistema Brasileiro de Classificacdo de Solos (Santos et al., 2025).

Pretic horizon
It is proposed to change the criteria below and maintain the others:
i) Available phosphorus content =30 mg kg (Mehlich-1) or 260 mg kg (Mehlich-3).

The current version of WRB (IUSS Working Group WRB, 2022) adopts a limit of P =100 mg kg!
using the Mehlich-3 method. It is considered that this value is roughly twice that of P in
the Mehlich-1 extract (Kabata et al., 2018). When compared to the 3rd edition of WRB
(IUSS Working Group WRB, 2015), the value of P was increased from 30 to 50 mg kg
(Mehlich-1) or from 60 to 100 mg kg* (Mehlich-3). It is noteworthy that the threshold
adopted in the WRB 2015 edition relied on the Brazilian soils compiled in this study
(Figure 6 and Table 3).

Pretic Anthrosol
It is proposed to change the criteria below to identify Anthrosols with a Pretic horizon:

i) Pretic horizon thickness =0.30 m (30 cm), whether continuous or combined within
1.00 m (100 cm) of the mineral soil surface.

Under the current WRB criteria for the Pretic Anthrosol, “a pretic horizon, the layers
of which have a combined thickness of =50 cm, within 100 cm of the mineral soil
surface” is required (IUSS Working Group WRB, 2022). Using this criterion, only 32
out of 77 profiles with complete data (41 %) compiled in the study meet the thickness
requirement (Table 1 and Figure 3). By reducing the Pretic horizon thickness threshold,
the number increases to 67 profiles (81 % of the total). Decreasing the Pretic horizon
thickness criterion for Anthrosols allows for greater inclusion of profiles with Anthropic
horizons that are identified as ADEs.

CONCLUSION

Within the SiBCS, it is recommended to include, in the definition of the diagnostic Anthropic
horizon, the most relevant quantitative criteria for distinguishing and characterizing
these soils: organic carbon content (C,,,) = 6.0 g kg, and color value <4 and chroma <3
(moist soil).
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For surface mineral diagnostic horizons exhibiting significant anthropic modifications
that meet qualitative but not one or more of the quantitative criteria (thickness, color,
P, or C,,) of the Anthropic horizon of the ADEs, it is proposed to include an “anthropic
character”.

For other surface mineral diagnostic horizons with recent and pronounced modifications
resulting from agricultural activities characterized by P (Mehlich-1 extractant)
=30 mg kg?, V =50 %, abrupt transition from surface to subsurface horizon, and/or
the absence of AB or BA transitional horizons, it is proposed to include the designation
“anthric properties”, applied before the name of the A horizon.

In the WRB, to ensure coherence with the classification of TPIs (Terras Pretas de indio) or
ADEs (Amazonian Dark Earths) and the database that supported their original definition,
it is recommended that the Pretic horizon be defined by P (Mehlich-1) =30 mg kg or P
(Mehlich-3) =60 mg kg, and a combined thickness =0.30 m (30 cm) of Pretic sub-horizons
within the first 1.00 m (100 cm) of the mineral soil surface for identifying the Pretic
Anthrosols.
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