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ABSTRACT: The sombric horizon is a diagnostic subsurface horizon defined in the soil classifica-
tion system of the United States (Soil Taxonomy) and FAO (WRB), used to classify the soil at dif-
ferent categorical levels. The sombric horizon has a soil color darker than the overlying surface(s)
horizon(s), and must show illuvial humus accumulation features, though they are not associated
with aluminum (Al), as in the spodic horizon, nor associated with sodium (Na), as in the natric hori-
zon. There are also criteria to distinguish it from buried A horizons. However, since the first refer-
ences and proposed concept of the sombric horizon in African soils made by Sys and co-workers in
the 1960s, and adopted by the Soil Taxonomy edition of 1975, few modifications have been made
to its definition. Moreover, the pedogenic process involved in illuvial humus accumulation in these
horizons remains inadequately clarified, making the distinction between the sombric and spodic
or buried A horizon difficult and unclear. This review reports the historical evolution of the sombric
horizon concept, its definition and inconsistencies under different soil classification systems, and
the current hypothesis, together with its fragilities, proposed to explain the soil illuvial humus ac-
cumulation. Although it is recognized that further research is necessary, alternative criteria are
proposed for the definition of the sombric horizon in the Brazilian System of Soil Classification.
Keywords: subsurface horizon, illuvial humus accumulation, buried A horizon, soil classification,
SiBCS

Introduction

The first definition of the sombric horizon in Soil
Taxonomy (USDA, 1975), and in its later version (Soil
Survey Staff, 2014), was originally based on the soil sur-
vey of the Congo (currently the Republic of Zaire) in Af-
rica, proposed by Sys et al. (1961). The authors defined
the sombric horizon as a horizon with illuvial humus
accumulation.

The World Reference Base for Soil Resources
(WRB) later introduced a similar definition (FAO, 2014).
The central concept of illuvial humus accumulation re-
mained for more than 50 years without being formally
contested, due to the few studies conducted on the gen-
esis of the sombric horizon.

The sombric horizon shows similar morphology to
other horizons, such as spodic horizons, or some soils
with natric horizons or buried A horizon. Little is known
about the mechanisms and processes involved in illuvial
humus accumulation in the sombric horizon, making its
identification and genesis even more unclear.

Since its definition was formally adopted by Soil
Taxonomy in 1975, the sombric horizon has been mainly
identified from its morphological characteristics, po-
sition in the soil profile and lateral continuity in topo-
sequences, and landscapes. Several authors report the
occurrence of the sombric horizon in soils; however, in
many cases, its characteristics do not allow its defini-
tion or there are insufficient analytical data for an ac-
curate identification. Bockheim (2012) analyzed 30 soil
profiles with the occurrence of the sombric horizon and
observed that only 12 profiles met the requirements es-

tablished in Soil Taxonomy and WRB for the classifica-
tion of the sombric horizon.

In this review we report the historical evolution of
the sombric horizon concept, its definitions and inconsis-
tencies in different soil classification systems, and discuss
the current hypothesis of formation, as well as uncertain-
ties, proposed to explain the illuvial humus accumulation
in the soil. Finally, an alternative criterion for the definition
of the sombric horizon for Brazilian conditions is proposed.

Genesis and definition of the sombric horizon

Kellogg and Davol (1949) apud Frankart (1983,
p-50) were the first authors to report the presence of
a dark B horizon with greater humus content than the
overlying horizons in several Ultisols at 1,800 m a.s.l.
in Rwanda, Central Africa. The authors interpreted the
dark B horizon as a buried pre-forested humic horizon.
Occurrence of sombric-like horizons was later reported
in several countries in Central Africa (Burundi, Uganda
and Tanzania) and South America (Frankart, 1983).

In the Kivu region of the Republic of Zaire, Ruhe
(1956) described the physical-chemical properties and
geomorphologic distribution pattern of sombric-like ho-
rizons, concluding that the so-called "subsurface dark
soil” was a subsurface horizon where illuvial humus
was accumulated. After 1960, most soil scientists from
the "National Institute for the Agronomic Study of Bel-
gian Congo - (INEAC)" agreed on the illuvial origin of
the sombric horizon. The process that caused illuvial
humus, however, remained unknown (Frankart, 1983).

Sys et al. (1961), apud Frankart (1983, p.50), de-
fined sombric horizon as: "Black, dark gray or dark red-
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dish brown illuvial horizon with organic matter accu-
mulation below the B2c (consistence B2) or B2s horizon
(structural B2), at the high altitude Kaolisols". Tavernier
and Sys (1965), apud Frankart (1983, p.50), defined it as:
"Subsurface horizon of 10 cm or more, at least one unit
darker, containing greater organic matter than the over-
lying horizon". A similar concept to that proposed by Sys
et al. (1961) and Tavernier and Sys (1965) apud Frankart
(1983, p.50), was incorporated in the first edition of Soil
Taxonomy (USDA, 1975), with amendments:

"The sombric horizon is a subsurface horizon of
mineral soils formed under free drainage. It contains il-
luvial humus that is neither associated with Al, as in
the spodic horizon, nor dispersed by Na, as is common
in the natric horizon. The sombric horizon does not un-
derlie an albic horizon and it is restricted to cool moist
soils of the high plateaux and mountains of tropical and
subtropical regions. These soils have a low base satura-
tion degree. The sombric horizon has a lower color value
or chroma, or both, than the overlying horizon and com-
monly, but not necessarily, contains a higher humus con-
tent than the overlying horizon. It may have formed in
an argillic, a cambic or, possibly, an oxic horizon. It is
easily confused in the field with a buried A1 horizon."

The same definition was presented in later edi-
tions, with small variations, and the 2014 issue (Soil
Survey Staff, 2014) shows the following definition of the
sombric horizon:

"A sombric (from French: sombre = dark) horizon
is a subsurface horizon in mineral soils that was formed
under free drainage. It contains illuvial humus that is
neither associated with Al, as is the humus in the spodic
horizon, nor dispersed by Na, as is common in the nat-
ric horizon. Consequently, the sombric horizon does not
have the high cation-exchange capacity in its clay that
characterizes a spodic horizon and does not have the
high base saturation of a natric horizon. It does not un-
derlie an albic horizon. Sombric horizons are thought to
be restricted to the cool, moist soils of high plateaux and
mountains in tropical or subtropical regions. Because of
strong leaching their base saturation is low (less than 50
percent by NH,OAc). The sombric horizon has a lower
color value or chroma, or both, than the overlying hori-
zon and commonly contains more organic matter. It may
have formed in an argillic, cambic or oxic horizon. If
peds are present, the dark colors are more pronounced
on surfaces of peds. In the field, a sombric horizon is
easily mistaken for a buried A horizon. It can be distin-
guished from some buried epipedons by lateral tracing.
In thin sections, the organic matter of a sombric horizon
appears more concentrated on peds and in pores than
uniformly dispersed throughout the matrix."

The soil classification system of the World Ref-
erence Base for Soil Resources (FAO, 2014) defines the
sombric horizon as:

"A sombric horizon (from French: sombre = dark)
is a dark-colored subsurface horizon containing illuvial
humus that is neither associated with Al nor dispersed
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by Na. A sombric horizon consists of a mineral material
and: a) has a lower Munsell colour value or chroma than
the overlying horizon; b) has a base saturation (by 1 M
NH,OAc, pH 7) lower than 50 percent; c) shows evidence
of humus accumulation, by a higher soil organic carbon
content than the directly overlying horizon, or through
illuvial humus on soil aggregate surfaces or in pores vis-
ible in thin sections; d) does not underlie a layer with al-
bic material and does not form part of a spodic horizon;
and e) has thickness of 15 cm or more.” Field identifica-
tion: "Sombric horizons are found in dark-colored sub-
soil, associated with cool and well-drained moist soils of
high plateaux and mountains in tropical and subtropical
regions. They resemble buried horizons but, in contrast
to many of these, sombric horizons more or less follow
the shape of the surface”. Relationships with some other
diagnostics: "Sombric horizons may coincide with argic,
cambic, ferralic or nitic horizons. Sombric horizons may
resemble melanic and fulvic or buried umbric horizons.
Spodic horizons are differentiated from sombric hori-
zons by their much higher CEC of the clay fraction. The
humus-illuvial part of natric horizons has a base satura-
tion (by 1 M NH,OAc, pH 7) of 50 % or more, which
separates them from sombric horizons.”

These definitions show some differences between
the two soil classification systems for the sombric hori-
zon. In Soil Taxonomy, the humus content in the sombric
horizon is commonly, but not necessarily, higher than in
the overlying horizon. The WRB attest that there should
be either evidence of higher humus content in the dark
subsurface horizon than in the overlying horizon or the
presence of illuvial humus in pores and covering aggre-
gates. Regarding the thickness of the sombric horizon,
the WRB requires a minimum thickness of 15 cm.

Despite these differences, the essence of the defi-
nition remains, that is, both require the absence of hu-
mus accumulation dispersed by Na or associated with
Al, as in the spodic horizon, which implies illuvial hu-
mus accumulation through a differentiated mechanism,
not yet clarified.

Horizons similar to the sombric horizon

There are specific situations in which the occur-
rence of dark subsurface horizons is typical of certain
soil classes and landscapes, as in Spodosols (Spodosols, in
SiBCS -the Brazilian System of Soil Classification - San-
tos et al., 2013). Tropical humid regions of Spodosols are
typically associated with hydromorphism in weathered
landscapes (Klinge, 1965; Dubroeucq and Volkoff, 1988;
Gomes et al., 2007; Coelho et al., 2012; Buurman et al.,
2013), generally in sedimentary sandy plains. In temper-
ate climates, spodic dark subsurface horizons occur main-
ly at the top of mountains, mostly associated with conif-
erous vegetation, notably in the Northern hemisphere
(Lundstrém et al., 2000b), generally, with high sand con-
tents and little occurrence in clayey soils.

These soils are formed from the podzolization pro-
cess, which results from the formation of the B horizon
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with the accumulation of humus, iron (Fe) and/or Al,
in the form of organometallic compounds (De Conink,
1980). Commonly, spodic darkened subsurface horizons
show an overlying eluvial E horizon, lighter-colored than
the spodic, resulting from humus loss. The typical soil ge-
netic horizon sequence in Spodosols is A, E and Bh or Bs.

A significant amount of Na in soils may cause clay
and humus dispersion, favoring their accumulation in
subsurface horizons, where a columnar structure with a
dark top layer may be formed by illuvial humus accumu-
lation (Cunha, 1980). This has been observed in a number
of Alfisols (Natric Planosols and certain Haplic Planosols,
in SiBCS), solodic soil types, where the formation of a B
horizon with a dark top layer may occur.

Dark subsurface horizons may also result from the
burial of an A horizon by subsequent depositions, result-
ing in a buried A horizon. This situation may be observed
at the footslope of hillocks, where upland colluvial soil
may have been deposited on downslope soils. In many
cases, the depositional layer has similar composition to
the buried soil, making it difficult to define the buried
solely based on field evidences (Ruellan, 1971). On the
other hand, the hypothesis of colluvial burial is discarded
when the dark horizon shows lateral continuity in several
segments of the landscape, such as the upslope and foot-
slope, indicating prevalence of the pedogenetic processes.

Buried soils may also be classified as Paleosols, pro-
vided that they were subjected to climate changes, char-
acterizing distinct past landscapes (Ladeira, 2010). In this
case, some Paleosols may occur with old darker color at
the top of the subsurface horizon

Dark subsurface horizons are also observed in soils
that show evidence of anthropogenic activities, with se-
vere degradation and transformation of humus in the top
soil layers, caused by intense soil use, which makes the
subsurface layer of the former thicker A horizon darker
than the degraded surface layer. In the U.S. soil classifica-
tion system, the agric horizon addresses this question, oc-
curring directly under the Ap horizon, showing criteria of
color and thickness for its definition. However, the SiBCS
does not report the agric horizon.

Widespread in Brazilian Amazonia, there are many
scattered areas of anthropogenic soils called: “Indian
Black Earth”, whose surface horizons are darker and more
fertile than the lighter-colored adjacent soilscapes (Kern et
al., 2003). In some cases these dark horizons occur be-
low lighter-colored horizons, which may indicate burial
by alluvial or colluvial material, as well as reforestation
in certain areas that produce lighter-colored humus at the
top soil surface with soil composition different from that
caused by former anthropogenic activities. When these
dark horizons occur in the subsurface soil, they may also
show morphology similar to sombric horizons, though
with differences due to fertility.

The definition of that horizon in FAO (2014), called
"a pretic horizon"” (from Portuguese: preto = black) is: “a
mineral surface horizon that results from human activi-
ties including the addition of charcoal. It is characterized

by its dark color, the presence of artefacts (ceramic frag-
ments, lithic instruments, bone or shell tools etc.) and
high contents of organic carbon, phosphorus, calcium,
magnesium and micronutrients (mainly zinc and manga-
nese), usually contrasting with natural soils in the sur-
rounding area. It typically contains visible remnants of
charcoal. Pretic horizons are, for example ,widespread
in the Amazon Basin, where they are the result of pre-
Columbian activities and have persisted over many cen-
turies despite the prevailing humid tropical conditions
and high organic matter mineralization rates. These soils
with a pretic horizon are known as ‘Indian Black Earth’
or 'Amazonian Dark Earths' They generally have high
organic carbon stocks. Many of them are dominated by
low-activity clays” (FAO, 2014).

Distinction between sombric and spodic horizons

There are great differences between the concepts of
sombric and spodic horizons. In sombric horizons, the il-
luvial humus cannot be Al-saturated, while in spodic hori-
zons, illuvial humus is commonly associated with Al, with
or without Fe and other cations (De Conink, 1980; Lund-
strom et al., 2000a), due to migration and accumulation of
illuvial humus complexed with metals. However, spodic
horizons are not necessarily formed by vertical mobilizing
of organic matter. In hydromorphic Spodosols, spodic hori-
zons can be formed by lateral movement of illuvial humus,
favoured by the high macro and mesoporosity and din-
amics of water-table fluctuations (Buurman et al., 2013).

Generally, in most horizons characterized as som-
bric, there are no analytical data to corroborate the ab-
sence of Al associated with humus, because its identifica-
tion is made based mainly on soil morphology. In many
cases, the presence of high exchangeable Al extracted
with the 1 M KCI solution is used as a parameter to dis-
card the hypothesis of the sombric horizon (Bockheim,
2012); however, this is not a safe criterion, once Al can
derive from dissolution of mineral fraction.

Nluvial humus in Spodosols commonly results in
the formation of an E horizon, which can be an albic ho-
rizon, located above the spodic B horizon. Usually these
E albic horizons are discontinuous, with irregular topog-
raphy in relation to the soil surface. In the sombric hori-
zon, on the other hand, the eluvial E horizon cannot be
present. One may ask how can illuvial humus accumulate
in the B horizon if no eluviation features are to be ob-
served in the overlying horizons? This question is still un-
answered and very few micromorphological studies have
been conducted with this objective.

The main requirements used to differentiate spodic
from sombric horizons are:

® association (spodic) or non-association (sombric) of the
illuvial humus with Al;

e presence or absence of an E horizon overlying the dark

subsurface horizon: commonly present in the spodic,
but necessarily absent in the sombric horizon;
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e differences in the association pattern of illuvial humus
with the dark subsurface peds, derived from micromor-
phological analyses: in the sombric horizons, cutans (or-
gans) must be preferentially located onto ped surfaces,
rather than inside peds, and in the spodic horizon, it is
disseminated by all the soil matrix; and

e natural drainage: the spodic horizon is commonly asso-
ciated (mainly in Brazilian Spodosols) with poorly to mod-
erately drained conditions, and soils with sombric hori-
zons must always be formed in free drainage conditions.

Nevertheless, in many situations the properties and
morphological features of the soil do not allow for a clear
identification of one or another horizon, because both
processes are not clearly understood. New approaches
and studies are necessary for distinguishing the sombric
from the spodic horizons.

Peculiarities of the sombric horizon

Criteria cited by Paramananthan and Eswaran
(1980) for soils belonging to the large group of Sombri-
orthox, include the formation of dark depositions - coat-
ings, according to Bullock et al. (1985) and organs, ac-
cording to Brewer (1976) - on ped surfaces of sombric
horizons, with or without penetrations. Eswaran and
Tavernier (1980) detailed the morphology of these depo-
sitions and highlighted that the darkening of the B ho-
rizon starts in the periphery of the peds and increases
its intensity as it moves inwards, until the entire ma-
trix becomes darkened. According to these authors, this
sequence may be followed across the landscape, where
the initial stage of darkening occurs in downslope, and
increases its intensity in flat areas, showing a pedogenic
nature rather than deposition.

Another question in the characterization of the
sombric horizon is the variation of its vertical positions
in the soil profile. In most soils studied in Central Africa
(Sys et al., 1961; Frankart et al., 1974, Frankart, 1983;
Sehgal and Sys, 1970), the sombric horizon is found in
some B subhorizons, while in other studies, such as
Faivre (1990) in Colombia, Caner et al. (2003) in In-
dia and Oenning (2001), Almeida et al. (2009), Botelho
(2011) and Lunardi Neto (2012) in Brazil, the sombric
horizon coincides with AB and/or BA (lower part of A
and top part of B horizons) transitional genetic horizons.

The position of the sombric horizon may coincide
with the horizon of clay accumulation, such as in Ulti-
sols under the U.S. soil classification system (Soil Survey
Staff, 2014), where the sombric horizon may occur in the
argillic horizon (Sombriudults) or in the kandic horizon
(Sombric Kandiudults). On the other hand, no evidence
of clay illuviation may occur in the Sombriudox, Som-
briustox and Sombriperox great groups. In soil profiles
studied by Faivre (1990) in Colombia and Ultisols (Red
Argisols, in SiBCS) studied by Almeida et al. (2009) in
Brazil, there was evidence that illuvial humus was asso-
ciated with the argilluviation process in the dark subsur-
face horizon, coinciding with the top B horizon.
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In the soil profiles studied by Caner et al. (2003)
in India, the dark subsurface horizon coincided with
the lower part of the A horizon, but at the same time,
it showed humus significantly saturated with Al. The
authors argued that these soils, previously classified as
Oxisols and Ultisols, should be classified now as Andis-
ols (there are currently no Andisols in SiBCS), because,
although they are allophane-free, they show andic prop-
erties, due to the richness of organometallic complexes
in the dark subsurface horizons. These results show that
the absence of Al associated with illuvial humus in the
sombric horizon does not seem a suitable criterion for
the definition of this horizon.

The sombric horizon in Brazil

In most soils, darker horizons occur in surface ho-
rizons, due to the greater humus accumulation at the soil
surface and the high saturation of humus with metals,
such as Ca, Mg and Al, which make them insoluble and
stable. In the case of acid soils, Al is generally the saturat-
ing metal, for example in the umbric epipedon (humic
and prominent A horizons, in SiBCS). In the case of mollic
epipedon (chernozemic A horizon, in SiBCS), the humus
stability is attributed mainly to Ca and/or Mg saturation.

In several soils in the state of Santa Catarina, Brazil,
under Rain Forest and Araucaria Forest vegetation, mainly
in Ultisols derived from sandstones and pellitic rocks (Fig-
ure 1A) (Red Argisols, in SiBCS), located at lower altitudes
(Almeida et al., 2009), and in Ultisols (Grayish-Brown Argi-
sols, in SiBCS) derived from pellitic rocks (Figure 1B) occur-
ring at higher elevations in Santa Catarina (Oenning, 2001},
the presence of dark subsurface horizons is common.

Soils with sombric-like horizons are also found in
many regions of the state of Rio Grande do Sul, Brazil,
mainly in Ultisols (Grayish-Brown Argisols, in SiBCS).
They have developed in different geological substrates:
a) granodiorites (Figure 2A), in Cangucu (Botelho, 2011);
b) pellitic, in Rosario do Sul (Figure 2B), Sdo Jodo do
Polésine (Figure 2D) (Oliveira, 2012) and Cacequi (SN-
LCS, 1980); and c) rhyolite-dacite volcanics in the mu-
nicipality of Arvorezinha (Figure 2E). These sombric-like
horizons are sometimes observed on the surface of mig-
matites in Alfisols (Luvisols, in SiBCS), such as in the
municipalities of Bagé (Figure 2C) (Lunardi Neto, 2012),
or Cangucu (Botelho, 2011). In these landscapes, these
soils show darkening features at the top layer of the B
horizon, raising questions about the pedogenetic pro-
cesses that originated them.

In the states of Santa Catarina and in Rio Grande
do Sul, the dark subsurface horizons coincide with the
AB and/or the BA transitional genetic horizon, and its
morphologies suggesting that they are possibly sombric
horizons, as defined in Soil Taxonomy (Soil Survey Staff,
2014) or the World Reference Base (FAO, 2014). Almeida
et al. (2009) reported the occurrence of sombric horizon
in Ultisols (Red Argisols, in SiBCS) derived from silt-
stone interlayered with sandstone, in the southern re-
gion of Santa Catarina (Figure 1A), and Botelho (2011)
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reported its occurrence in Ultisols (Grayish-Brown Argi-
sols, in SiBCS) derived from intrusive and metamorphic
magmatic rocks in the Crystalline Shield of the state of
Rio Grande do Sul (Figure 1B).

In other regions of Brazil, there are reports of som-
bric horizons in Inceptisols (Cambisols, in SiBCS) in the
southern region of the state of Minas Gerais, in Oxisols
(Latosols, in SiBCS) in the state of Parana (Volkoff and
Cerri, 1987), in Oxisols on Chapada Diamantina, in the
state of Minas Gerais (Schaefer et al., 2002), and in Oxi-
sols (Kandic) (Nitosols, in SiBCS) in the municipality of
Botucatu, in the state of Sdo Paulo (Miklés, 1999).

Figure 1 — Soil profiles of Ultisols (Red Argisol (A) and Grayish-Brown
Argisol (B), in SIBCS) located near the municipalities of Icara and
Santa Terezinha, respectively, in the state of Santa Catarina, with
darkening evidences in the subsurface horizons. Pictures: Jaime
Antonio de Almeida and Sérgio Hideiti Shimizu, respectively.

W il

Figure 2 — Soil profiles of Ultisols (Grayish-Brown Argisols, in SiBCS),
with dark top of B horizon, in the municipalities of Cangucu (A),
Rosério do Sul (B), Sao Joao do Polésine (D) and Arvorezinha
(E), and in an Alfisol (Luvisol, in SIBCS) (C) in the municipalities
of Bagé, all in the state of Rio Grande do Sul, Brazil. Pictures:
Marcio Botelho (A) and Jaime Antonio de Almeida (B, C, D and E),
respectively.

Hypothesis for the sombric horizon formation

Frankart (1983) presents two hypotheses for the
sombric horizon genesis in African soils: a) they are relicts
of buried A horizon (De Craene and Laruelle, 1955; Ri-
quier, 1966; Escobedo, 1980, apud Frankart, 1983, p.57),
and b) they result from illuvial humus accumulation (Sys
et al., 1961; USDA, 1975), without an explanation of how
the process occurs.

Mutwewingabo (1989) deduced that Kaolisols (Oxi-
sols, in Soil Taxonomy; Latosols, in SiBCS) studied in
Rwanda, Africa, in regions where the sombric horizon
was originally described, showed polygenetic character-
istics, and concluded that the many dark subsurface hori-
zons previously described would be old buried A horizons.
However, in the region of Butare, the author concluded
that these soils could not have been formed by current
pedogenetic processes, without discarding the hypothesis
that dark subsurface horizons are sombric horizons.

Faivre (1990) studied several soils with sombric-like
horizons in the Andes Mountains and hypothesized that
humus was accumulated in these soils by non-dissociated
clay-humic material transport, which brings a different
viewpoint to any elucidation of the formation process of
the sombric horizon in certain soils. Almeida et al. (2009)
also highlighted this possibility in Ultisols (Red Argisols,
in SiBCS) of Santa Catarina State. Van Wambecke (1992)
hypothesized that certain dark subsurface horizons from
plateaux in Africa may be remnants of a colder climate, a
hypothesis that was later tested and confirmed by Caner
et al. (2003) in plateaux in India. Miklés (1999) suggested
the possibility that dark subsurface horizons in soils of
toposequence in Sdo Paulo State could be buried paleo-
horizons covered by lighter-colored material, transported
upwards by the soil fauna, namely termites. In this re-
spect, Schaefer et al. (2002) also identified sombric hori-
zons affected by pedoturbation rather than colluviation.
Marques et al. (2011) identified coal lines at depth in some
Oxisols (Latosols, in SiBCS), in the states of Sdo Paulo and
Minas Gerais, evidencing the transport of material from
lower to upper horizons by the soil fauna.

Oenning (2001) attributed to an incipient podzoliza-
tion process the formation of dark subsurface horizons in
Ultisols (Grayish-Brown Argisols, in SiBCS) in the states
of Santa Catarina and Rio Grande do Sul, based mainly
on the analysis of carbon fractioning of humic substances,
selective extractions and micromorphological analyses.
Caner et al. (2003) studied soil profiles from plateaux in
southern India and compared two soils with a thick dark
surface horizon with other soils containing the subsurface
of sombric-like horizons that showed a basis of thick A
horizon with darker color than the upper surface. In an
extensive study, the authors quantified the carbon iso-
topes 2C and C and dated **C in several horizons of all
soils and evaluated differences in types of predominant
humic compounds in each case.

Their results show that in soils with dark subsur-
face horizons, the darker color was related to the pres-
ence of condensed humic acids of Kumada type A (me-
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lanic) (Kumada, 1987). These horizons showed higher
average residence time of humus, showing ABC (delta
BC) indicative of a predominance of C, plants (grass),
while on the surface, humus was more recent, derived
mainly from C, plants (forest), containing less condensed
humic acids with a lighter color.

Caner et al. (2003) concluded that the darker sub-
surface portion of the soil was composed by relics of thick
accumulation of humus occurring in the surface portion of
the soil during a drier period, when grass vegetation cover
predominated, which was later replaced by forests in more
humid climate, promoting a reduction of the humus dark
color in the surface horizon. The results obtained by Caner
et al. (2003) point to an alternative hypothesis for the gene-
sis of sombric-like horizons, where illuvial humus may not
be involved, confirming the hypothesis that these horizons
are old A horizons. They may simply be results of changes
in the vegetation composition caused by climatic changes.

Bautista-Cruz et al. (2005) studied chronosequence
in soils from areas originally covered by mountain meso-
philic forest in Mexico and concluded that vegetation and
time played an important role in horizon differentiation
and soil properties. Pedological heterogeneity increased
with the forest age. In the initial succession stages, thin
A horizons were formed until the horizons became more
developed, leading to diagnostic horizons such as folistic,
and sombric in the last succession stages.

Almeida et al. (2009) consider the hypothesis of an
incipient process of podzolization in Ultisols (Red Argi-
sols, in SiBCS) with dark subsurface horizons similar to
the sombric horizon in the municipality of I¢ara, in the
state of Santa Catarina, due to accumulation of Al asso-
ciated with humus in the subsurface, indicated by the
maximum Al contents extracted with ammonium oxalate,
copper chlorite and Na pyrophosphate in these horizons.
However, due to the absence of an E horizon, Almeida et
al. (2009) proposed the hypothesis of humic-argilluviation
in the formation of these horizons, given that the maxi-
mum values for the fine clay/total clay ratio coincided
with the dark subsurface horizons, and not with the hori-
zons with the maximum accumulation of soil clay, located
below the dark subsurface horizon. These results led to
the conclusion that the illuvial humus accumulation had
occurred after the formation of argillic horizon (textural B
horizon, according to SiBCS). The soil used in this study
was located in a region of low altitude where the sombric
horizon is not commonly reported.

Velasco-Molina et al. (2010) credited the genesis
of dark subsurface horizons of Ultisols (Red Argisols, in
SiBCS), from the municipality of Icara, in the state of San-
ta Catarina, to changes of soil use, to differences of short
distances in the illuvial humus accumulation and to forest
burnings, based on studies on chemical fractioning and
quantification of carbon fractioning of the humus.

More recently, Botelho (2011) conducted studies
on Ultisols (Grayish-Brown Argisols, in SiBCS), includ-
ing Entisols and Alfisols (Regolitic Neosols and Luvisols,
respectively, in SiBCS) in the municipality of Pelotas,
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in the state of Rio Grande do Sul, Brazil, and suggested
the existence of paleohorizons in several soils, with dark
subsurface horizons formed from an original vegetation
different from the current vegetation cover, based main-
ly on quantitative results of carbon isotopes and carbon
fractioning of the humus. These results are in accordance
with Caner et al. (2003).

Lunardi Neto (2012) studied an Ultisol (Red Argisol,
in SiBCS) with dark subsurface horizons in the state of
Santa Catarina using carbon isotope analysis. The author
did not find enough evidences to conclude that these ho-
rizons had originated from a different vegetation cover.
Moreover, the author did not find evidences of the pod-
zolization process in these soils, so it was concluded that
humic-argilluviation seems to be a process for the forma-
tion of these horizons, in line with Almeida et al. (2009).

As reported, few studies have been conducted on
sombric horizons, and only recently, some Brazilian au-
thors, namely Miklés (1999), Oenning (2001), Almeida et
al. (2009), Botelho (2011) and Lunardi Neto (2012), have
investigated the genesis of these horizons. Bockheim
(2012) concluded that only twelve out of thirty soil pro-
files reported in the literature as sombric horizons were
in accordance with the definition of sombric horizon by
Soil Taxonomy and WRB systems. In the thirty soil pro-
files studied, however, the author did not considere som-
bric horizons those where the requirement of an increase
in carbon content was not satisfied. We understand that
this is not an essential requirement in Soil Taxonomy. The
phrase "commonly contains more organic matter", in Soil
Taxonomy, does not mean essential requirement when all
other requirements are satisfied.

Final remarks

The concept of the sombric horizon holds practi-
cally the same uncertainties since it was created about
five decades ago, without significant changes. Among the
scientific studies carried out to investigate its genesis, few
soils fully meet the requirements established by Soil Tax-
onomy (Soil Survey Staff, 2014), or more recently by WRB
(FAO, 2014). The absence of Al associated with humus,
a feature essential to the characterization of the sombric
horizon, seems only an attempt to differentiate them from
spodic horizons, rather than a criterion with a solid scien-
tific basis, given that the mechanisms involved in illuvial
humus accumulation in these horizons are still unknown.

The current knowledge on the genesis of the som-
bric horizon points to the following consensus among re-
searchers about its definition:

1 - It is a dark subsurface horizon that should not be pre-
ceded by an E illuvial horizon, albic or not, in order to
differentiate it from an spodic horizon;

2 - It should not show evidence of burial processes, that
is, it should be differentiated from an old buried A hori-
zon;
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3 - It should have a darker color in the dry and/or moist
samples than the overlying horizon;

4 - It should have a higher carbon content than the over-
lying horizon or shows macro or micromorphological evi-
dence that indicate illuvial accumulation, such as cutans
depositions on ped surfaces or in pores, rather than being
uniformly distributed in the soil matrix;

5 - It should be low in base saturation, given that high
contents of exchangeable bases may reduce the humus
solubility, hindering, therefore, vertical mobilization and
illuvial humus accumulation;

6 - It should not have Al associated with illuvial humus to
differentiate it from the spodic horizon;

7 - It should not be associated to landscapes with high Na
contents due to its dispersive action in humic substances,
thereby facilitating its transport downward in the profile;

8 - It should have a minimum thickness, which is a crite-
rion required for the definition of any horizon;

9 - It should not have a characteristic derived from an-
thropogenic activities in the soil surface that promotes its
whitening, to differentiate it from an agric horizon (Soil
Taxonomy).

Regarding the requirements that the sombric hori-
zon need to be formed by illuvial humus accumulation,
as present by its genesis definition, the following consid-
erations should be:

1 - Although in many cases illuvial processes are proved
using micromorphology and chemical analyses, recent
studies, such as Caner et al. (2003), clearly show that the
dark subsurface horizons may result from changes in
the vegetation composition caused by climatic changes.
Therefore, they are not necessarily from illuvial origin,
even though they are darker and have higher carbon
content than the underlying horizons (humus is not ac-
cumulated by illuviation and it is not a typical buried A
horizon);

2 - The absence of macro and/or micromorphological
characteristics, indicative of illuviation in the horizon, do
not necessarily imply the exclusion of the sombric hori-
zon, given that these features may have been destroyed by
soil disturbances.

The requirement that illuvial humus should not be
associated with Al also deserves questioning. Where dark
subsurface horizons have been formed from old vegetation
different from the current vegetation cover, induced by cli-
matic changes, they may contain humus associated with
Al, without implying that humus had been accumulated
like organometallic compounds; but it is not necessarily
a spodic horizon. Furthermore, if we consider the humic-

argilluviation hypothesis, we cannot overlook the fact that
humus transported with clay must be Al saturated.

To avoid the general requirement that a sombric ho-
rizon "should not contain Al associated to illuvial humus”,
Bockheim (2012) suggested using Al and Fe extracted by
ammonium oxalate (Al + %2 Fe) as a criterion for the dif-
ferentiation of the spodic from the sombric horizon, pro-
posing that (Al + %2 Fe)  should be lower than 0.5 % in
the sombric, given that this value must be equal or higher
in the spodic horizon according to the Soil Taxonomy sys-
tem. However, this criterion, besides being empirical, has
been questioned as a valid requirement for the definition
of a spodic horizon (Coelho et al., 2010). We believe that
this is not a valid criterion. As discussed earlier, high lev-
els of Al can be present in the dark subsurface horizons
when they are relicts of past vegetation, or when we con-
sider the humic-argilluviation hypothesis. In these situ-
ations, high levels of Al-oxalate must be found, but not
necessarily associated with the podzolization process. We
need to decide, however, if these two situations should be
included in the sombric horizon definition.

The requirement that sombric horizon must show
low base saturation is found in most studies on soil pro-
files from several regions in the world. However, many
profiles of high CEC Alfisols (Luvisols, in SiBCS) in south-
ern Brazil show a darker top of the B horizon with similar
sombric features (Figure 2B). Further studies are required
to clarify the mechanisms/processes responsible for the
darkening of these soils. Therefore, although there is rela-
tive consensus to exclude from the definition of sombric
horizon the cases of the buried A horizon, the spodic ho-
rizon or the natric horizon with humus accumulation,
as well as the cases where the agric horizons rests on a
darker subsurface horizon, it is suggested that in other
specific situations, the sombric horizon should be recog-
nized, regardless of its illuvial origin or not, and if the
Al was associated with the illuvial humus or not, exclud-
ing the sombric horizon only where the four situations
above are identified. The presence of subsurface horizons
darker than the overlying horizons is a fact observed in
many soils, and this morphology cannot be ignored, since
it is a consequence of pedogenic processes, not yet fully
explained.

The following criteria for the definition of the som-
bric horizon in the Brazilian Soil Classification System are
proposed:

"It is a subsurface horizon, transitional or principal
(lower part of A, AB, BA or BJ, found in mineral soils of
free drainage and unsaturated, where there is evidence of
humus accumulation, by illuviation process or not, that
does not meet the requirements for the definition of the
spodic horizon, does not meet the features that clearly
characterize a buried A horizon, nor is resting below an
agric horizon, does not have Na accumulation, as defined
in Soil Taxonomy (Soil Survey Staff, 2014), and that meets
all of the following criteria:

a) Presents 10 cm or more of thickness;
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b) Does not have an E illuvial horizon in its upper limit;

c) Does not meet the characteristics required for the defi-
nition of a spodic horizon;

d) Shows lateral continuity in several segments of the
landscape, evidencing its pedogenetic origin and discard-
ing a buried horizon;

e) Must show values and/or chromas, in the dry and/or
humid samples, lower than the overlying horizon;

f) Should have base saturation lower than 50 % (dystro-
phic, as diagnostic attribute, in SiBCS);

g.1) Should have evidence of humus accumulation, ei-
ther from cutans preferably deposited on ped surfaces or
pores, rather than uniformly disseminated in the matrix,
or have greater organic carbon content in relation to the
horizon immediately overlying, or

g.2) Where the horizon does not meet the previous crite-
ria, evidence must be shown of ancient vegetation differ-
ent from the current vegetation, evaluated in a place not
affected by recent anthropic activity.

A recent proposal was presented for an update of
SiBCS for the adoption of “sombric character, diagnostic
attribute” to allow for the discrimination and classifica-
tion of soils that show characteristics of sombric-like ho-
rizons in the system, with prediction for the discrimina-
tion of these soils in the fourth category level (Example:
sombric Dystrophic Red Argisols, in Brazilian System Soil
Classification - SiBCS). This proposal was incorporated in
the third edition of SiBCS (Santos et al., 2013). It is a tenta-
tive definition subject to validation by users. However, the
mechanisms and processes involved in the identification
of the genesis of the sombric horizons (or sombric charac-
teristic) remain inadequately elucidated scientifically, giv-
ing rise, therefore, to uncertainties regarding definitions
in the several soil taxonomic classification systems.
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