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ABSTRACT RESUMEN
Terra Rossas occur in the eastern part of the Bursa plain, Turkey. Las Terra Rossas se dan en la parte oriental de la llanura de
The region is covered by large forests growing on Terra Rossa Bursa, Turquia. La region estid cubierta por extensos bosques
soils. This area has ecological importance for these forests. The que crecen en suelos de Terra Rossa. Esta zona tiene importan-
purpose of this study was to characterize five Terra Rossa profiles cia ecoldgica para estos bosques. El propésito de este estudio fue
and to relate their properties to the pedogenic processes caracterizar cinco perfiles de Terra Rossa y relacionar sus pro-
responsible for their formation under these important forests. piedades con los procesos pedogénicos responsables de su forma-
Five soil profiles were selected on five different elevations ranging cién bajo estos importantes bosques. Se seleccionaron cinco per-
between 200 to 350 m under natural vegetation. Soils are files de suelo en cinco elevaciones distintas que variaron de 200 a
dominated by the influence of climate and lithology. A special 350 m con vegetacion natural. Los suelos estan dominados por la
classification problem has occurred for two out of five profiles influencia del clima y la litologia. En dos de los cinco perfiles
(World Reference Base for Soil Resources). These soils did not hubo un problema de clasificacién especifico. Estos suelos no
meet the clay increase requested by the WRB (2006) classification cumplieron con el aumento de arcilla establecido por el sistema
system for Luvisols. But they were classified due to the high de clasificacién para Luvisoles de la WRB (World Reference
contents of clay, clay coating and infilling in the B horizons and Base for Soil Resources, (2006). Sin embargo, se clasificaron por
based on field characteristics. The soil samples were examined su alto contenido de arcilla, revestimiento y relleno de arcilla
and classified according to the systems of USDA Soil Taxonomy iluvial en los horizontes B y con base en caracteristicas de cam-
(2003) and WRB (2006) as Calcic Haploxeralfs and Calcic Luvisols. po. Las muestras de suelo se examinaron y clasificaron conforme

a los sistemas de la USDA Soil Taxonomy (2003) y la WRB (2006)
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INTRODUCTION suelo, Terra Rossa.
erra rossa is reddish clayey to silty-clayey soil INTRODUCCION
especially widespread in the Mediterranean
region, which covers limestone and dolomite
in the form of discontinuous layer ranging in thickness
from a few centimeters to several meters. Red colour
(5YR to 10R Munsell hues) is a classical diagnostic
feature of Terra Rossa and is the result of rubification,
i.e., formation of hematite (Guerra, 1972). In Soil
Taxonomy (USDA, 2003), Terra Rossa is classified as
Alfisols and according to WRB (2006) Terra Rossa is
recognized as Luvisols.

a terra rosa es un suelo de rojizo arcilloso a

lodoso que se extiende principalmente en la

region del mediterrdneo, que cubre a las rocas
calizas y dolomitas en estratos discontinuos que varian
en espesor de unos cuantos centimetros a varios me-
tros. El color rojo (5YR a 10R tonos Munsell) es una
caracteristica clasica de diagndstico de la Terra Rossa
y es resultado de la rubefaccion, i.e., formaciéon de
hematitas (Guerra, 1972). En Soil Taxonomy (USDA,
2003), la Terra Rossa se clasifica como Alfisoles y, de
acuerdo con la WRB (2006), se reconoce como
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The nature and relationship of Terra Rossa to
underlying carbonates is a long-standing problem and
there are different opinions with respect to its parent
material and origin. The most widely accepted theory
is that Terra Rossa has developed from insoluble residue
of carbonate rocks (Kubiena, 1953; Bronger et al.,
1983; Moresi y Mongelli, 1988). However, other
authors have emphasized that Terra Rossa could not
have been formed exclusively from insoluble residue
of carbonate rocks. Soil geomorphic studies made by
Olson et al. (1980) in southern Indiana, USA, indicate
that the Terra Rossa is mainly debris, derived from
erosion of clastic sedimentary rocks, transported on
pediments cut into lower lying limestone. Aydinalp
(1996, 2001a, 2001b) stated that Terra Rossas in
northwestern Turkey developed on limestone and
dolomitic limestone; besides, the Terra Rossa of
southern Europe might be wind-borne material from
Africa (Rapp, 1984). Eolian contributions have been
recognized due to the similarities in clay mineralogy
(Aydinalp, 1996; Balagh and Runge, 1970), similarities
in heavy mineral fraction (Durn et al., 1992; Durn and
Aljinovic, 1995), particle size distribution (Aydinalp,
1996 and McLeod, 1980) and the divergence of oxygen
isotopic ratios of associated fine quartz (Jackson et al.,
1982). The cryptogamic imprint of the rocks can be
detected on the rock faces under present soil surface.
Danin et al. (1983) concluded that eolian source is the
principal contributor to the formation of the upper soil
layer of Terra Rossa in Israel.

Previous statements imply a polygenetic nature of
Terra Rossa. In some isolated karst terrain it may
have formed exclusively from insoluble residue of
limestone and dolomite but, much more often it
comprises a diversity of parent materials which derived
on carbonate terrain via different transport
mechanisms. For example, Yaloon (1997) concluded
that practically all soils in the Mediterranean region
were influenced by the addition of eolian dust from
North Africa. Erosion and deposition processes, which
are superimposed on karst terrains and induced by
both climatic changes and tectonic movements, might
be responsible for thick colluvial Terra Rossa
accumulations in uvala and dolina type of Kkarst
depressions. In this case, we can consider Terra Rossa
as a pedo-sedimentary complex.

As long as the general pedoenvironment remains
essentially suitable for the formation of Terra Rossa it
is of a little relevance for the process of rubification
whether the primary Fe sources are autochthonous or
allochthonous (Boero and Schwertmann, 1989).

Merino et al. (2006a) concluded that Terra Rossa
soils have long been thought to result from residual
dissolution of limestone or to form by accumulation on
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hay distintas opiniones con respecto a su material
parental y origen. La teoria mds aceptada es que la
Terra Rossa se desarrollé a partir de residuos insolu-
bles de rocas de carbonato (Kubiena, 1953; Bronger et
al., 1983; Moresi, et al., 1998). Sin embargo, otros
autores han enfatizado que la Terra Rossa podria no
estar formada exclusivamente de residuos insolubles
de rocas de carbonato. Estudios geomorficos de suelo
realizados por Olson er al. (1980) en el sureste de
Indiana, EE.UU., indican que la Terra Rossa esta for-
mada esencialmente de restos procedentes de la ero-
sién de rocas sedimentarias clésticas, transportadas en
pedimentos cortados en piedras calizas situadas en ca-
pas inferiores. Aydinalp (1996, 2001a, 2001b) indicd
que las Terra Rossas en el noroeste de Turquia se
desarrollaron en rocas calizas y rocas calizas
dolomiticas; ademds, la Terra Rossa de Europa del
Sur podria ser material de Africa transportado por el
viento (Rapp, 1984). Las contribuciones e6licas se han
identificado por las semejanzas de la mineralogia de la
arcilla (Aydinalp, 1996; Balagh y Runge, 1970), simi-
litudes en la fraccion de minerales pesados (Durn et
al., 1992; Durn y Aljinovic, 1995), distribucion del
tamafo de particulas (Aydinalp, 1996 y McLeod, 1980)
y la divergencia de las relaciones isotdpicas de oxige-
no del cuarzo puro asociado (Jackson et al., 1982). La
huella criptogdmica de las rocas puede detectarse en
las caras de la roca bajo la superficie actual del suelo.
Danin et al. (1983) concluyeron que la fuente edlica es
el contribuidor principal para la formacion de la capa
superior del suelo de la Terra Rossa en Israel.

Afirmaciones previas suponen una naturaleza
poligénica de la Terra Rossa. En un terreno cérstico
aislado puede haberse formado exclusivamente desde
residuos insolubles de roca caliza y dolomita, pero
con mas frecuencia se compone de una diversidad de
materiales originales provenientes de terrenos
carbonatados mediante distintos mecanismos de trans-
porte. Por ejemplo, Yaloon (1997) concluyé que prac-
ticamente todos los suelos en la region del Mediterra-
neo fueron influenciados por la adicién de polvo edlico
proveniente del norte de Africa. Los procesos de ero-
sién y depdsito, que se sobreimponen en terrenos
carsticos y se inducen por cambios climdticos y por
movimientos tecténicos, podrian ser la causa de las
acumulaciones coluviales densas de Terra Rossa en
depresiones carsticas de tipo uvala y dolina. En este
caso, la Terra Rossa puede considerarse un conjunto
pedosedimentario.

Mientras el pedoambiente general continte siendo
esencialmente idoneo para la formacién de Terra Rossa,
el que los origenes primarios de Fe sean autctonos o
al6ctonos resulta poco relevante para el proceso de
rubefaccién (Boero y Schwertmann, 1989).
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preexisting limestone karst of detrital mud, ash, or
especially dust. Conclusive new field and petrographic
evidence for the Terra Rossa in southern Indiana,
USA, shows that this soil is formed by replacement
of limestone by authigenic red clay at a moving
metasomatic front, with the clay’s major elements,
Fe, Al and Si, coming from dissolved dust, as
suggested by strontium isotope ratios. Strikingly, the
clay-for-limestone replacement triggers a reactive-
infiltration instability, that causes the front to become
‘fingered’ and ‘funneled” on a cascade of scales-
precisely the characteristic morphology of karst. That
is, the replacement of limestone by clay turns out
also to carve the repeated karst funnels and sinks that
contain the Terra Rossa itself. This is why Terra Rossa
and karst are associated, and how the karst morphology
arises. Terra Rossa is thus a metasomatic ‘claystone’
plus its lateritic or pedogenetic modifications, all hosted
in a simultaneously karstified limestone. Karst
limestone weathering is driven ultimately by eolian
dust supply. The partial validity of both the residual
and detrital origins has been a smoke screen that for
decades has kept investigators from even suspecting
that the true origin of Terra Rossa could be different,
or that the way to find it should be petrographic, not
chemical.

According to Merino et al. (2006b), Terra Rossas
in the Bahamas, the Antilles, Yucatan, Florida, Texas,
Kentucky, southern Europe, Israel, southern Australia,
and elsewhere, probably have the same origin as the
Bloomington Terra Rossa, but a replacement origin,
which can be detected only with an optical polarizing
microscope, has never been suspected or sought. The
iron, aluminum, and silicon needed for clay growth
are provided probably by dust; this can be established
by matching of strontium and neodymium isotope ratios.
Saharan dust is certainly abundant in southern Europe
and the Caribbean, both of which are abundant in karst
and Terra Rossa too. After settling, the dust dissolves
at the surface, the solutes leak in, reach the reaction
front at several meters of depth, and drive the
precipitation of the red clay crystals that replace the
limestone. Terra Rossa is thus a unique laterite - one
none of whose major chemical elements comes from
its parent limestone

Terra Rossas were derived from hard and
unconsolidated limestones that occur widely in the
east side of the Bursa region, Turkey. Therefore,
the objective of this research was to study genesis
of the Terra Rossas formed on five different
elevations and to classify them according to the
Soil Taxonomy (USDA, 2003) and WRB (2006)
systems with their morphological, physical, and
chemical properties.

Merino et al. (2006a) concluyeron que por mucho
tiempo se ha considerado que los suelos de Terra Rossa
resultaron de la disolucion residual de rocas calizas o
que se forman en carsts de roca caliza preexistente por
la acumulacién de lodo de detritos, cenizas, o particu-
larmente polvo. Una evidencia petrografica reciente y
de campo concluyente sobre la Terra Rossa en el su-
reste de Indiana, EE.UU., muestra que este suelo se
formo mediante el reemplazo de piedra caliza por arci-
lla autigénica roja en un frente de reemplazo
metasomatico, con los elementos principales de la ar-
cilla, Fe, Al y Si, provenientes de polvo disuelto, como
lo indican las proporciones de isdtopos de estroncio.
Sorprendentemente, el reemplazo de arcilla por piedra
caliza causa una inestabilidad en la reactivacion-infil-
tracion que provoca que el frente sea sefialado y en-
causado a una cascada de escalas con precisamente la
caracteristica morfoldgica del carst. Es decir, el reem-
plazo de roca caliza por arcilla causa también la for-
macién de embudos y sumideros repetidos de origen
carstico que contienen también a la Terra Rossa. Por
ello Terra Rossa y carst estdn asociados, y es la razén
que origina la morfologia del carst. La Terra Rossa es,
por tanto, una roca arcillosa metasomdtica méas sus
modificaciones lateriticas o pedogenéticas, todas hos-
pedadas en una roca caliza carsificada simultdneamen-
te. La erosion de roca caliza se produce finalmente por
reservas de polvo edlico. La validez parcial del origen
de los residuos y de los detritos ha sido una cortina de
humo que por décadas ha impedido que los investiga-
dores imaginen siquiera que el origen verdadero de la
Terra Rossa podria ser otro, o que la manera de en-
contrarlo deberia ser petrografica y no quimica.

Segin Merino et al. (2006b), las Terra Rossas en
las Bahamas, las Antillas, Yucatan, Florida, Texas,
Kentucky, Europa del Sur, Israel, Australia del Sur
y en otros sitios, tienen probablemente el mismo
origen que la Terra Rossa Bloomington, pero nunca
se ha sospechado ni buscado un origen de reempla-
zo, el cual puede detectarse s6lo con un microsco-
pio Optico polarizante. Probablemente el polvo aporta
el hierro, aluminio y silicn necesarios para el desa-
rrollo de la arcilla; esto puede establecerse al com-
binar proporciones de isdtopos de estroncio y
neodimio. El polvo del Sahara es, sin duda, abun-
dante en Europa del Sur y el Caribe, donde el carso
y la Terra Rossa también son cuantiosos. Tras esta-
blecerse, el polvo se disuelve en la superficie, los
solutos se infiltran, alcanzan el frente de reaccién a
varios metros de profundidad, y producen la preci-
pitacién de cristales de arcilla roja que reemplazan a
la piedra caliza. Asi, la Terra Rossa es una laterita
Unica; cuyos elementos quimicos principales no pro-
vienen de su piedra caliza original.
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MATERIAL AND METHODS

The soil profiles are located on: 1) 40° 10’ 26” N-28° 19’ 42~
E; 2) 40° 10” 32” N-29° 19’ 42” E; 3) 40° 10’ 38” N-29° 19’ 18~
E; 4) 40° 10” 44” N-29° 19’ 08” E; 5) 40° 10’ 55” N-29° 19’ 01~
E; in the eastern side of the Bursa plain, Turkey (Figure 1). Profiles
represented five Terra Rossas ranging in elevation between 200 m to
350 m and they were derived from unconsolidated limestone; present
vegetation is shrubland biome.

The research area was formed during the upper Pleistocene and
modified in the Holocene period (Penck, 1953). The soils were formed
under Mediterranean climate characterized by hot summers and mild
winters. The mean annual precipitation and temperature are 713.1 mm
and 14.4 °C. The soil temperature and moisture regimes are thermic
and xeric.

The soil profiles in each site were dug down to C horizon
(120 cm) and described according to Soil Survey Manual (1993). In
each profile, bulk samples of the horizons were taken for laboratory
analysis. Particle-size distribution was determined by the hydrometer
method (Gee and Bauder, 1982), and pH in a 1:2 soil:water ratio
(McLean, 1982). Other variables were organic carbon (Nelson and
Sommers, 1982), total nitrogen (Bremner and Mulvaney, 1982) and
calcium carbonate (Nelson, 1982), CEC (Rhoades, 1982).
Exchangeable cations were extracted from the soil by 1 M NH,OAc
(Thomas, 1982). EC (Rhoades, 1996) was determined by placing 25 g
of air dry soil in a 125 mL Erlenmeyer flask, adding 100 mL of
sterile deionized water, shaking for 30 min at 250 rpm, allowing
the solution to settle for 30 minutes; then gravity filtering the solution
through a Whatman 2 filter paper. The clear extract solution received
two drops of a 0.1 % sodium hexametaphosphate solution prior to EC
measurement. A Hach CO150 conductivity meter was used to
determine EC, which was reported as dS m~'. Iron and manganese
oxides were extracted by citrate-bicarbonate-dithionite (Mehra and
Jackson, 1960) and analyzed by atomic absorption spectrophotometer.
These soils were classified according to the systems of Soil Taxonomy
(USDA, 2003) and WRB (2006).

Las Terra Rossas provinieron de rocas calizas du-
ras y no consolidadas presentes extensivamente en el
lado este de la region de Bursa, Turquia. Por tanto, el
objetivo de esta investigacion fue estudiar la génesis de
las Terra Rossas formadas en cinco altitudes diferen-
tes, y clasificarlas conforme a la Soil Taxonomy
(USDA, 2003) y los sistemas de WRB (2006) con sus
propiedades morfoldgicas, fisicas y quimicas.

MATERIALES Y METODOS

Los perfiles del suelo se localizan a: 1) 40° 10” 26” N-28° 19’
42” E; 2) 40° 10* 32” N-29° 19’ 42” E; 3) 40° 10’ 38” N-29° 19’
18” E; 4) 40° 10* 44” N-29° 19’ 08” E; 5) 40° 10’ 55” N-29° 19’
01” E; en el lado este de Bursa, Turquia (Figura 1). Los perfiles
representaron cinco Terra Rossas, cuya elevacion varié de 200 m a
350 m y provinieron de roca caliza no consolidada; la vegetacién
actual es un bioma de matorral o maleza.

La zona de estudio se formd durante el pleistoceno superior y se
modificé en el periodo holoceno (Penck, 1953). Los suelos se for-
maron bajo clima mediterrdneo caracterizado por veranos calientes
e inviernos leves. La precipitacion y la temperatura promedio anual
son 713.1 mm y 14.4 °C. La temperatura del suelo y los regimenes
de humedad son térmicos y xéricos.

Los perfiles del suelo en cada sitio se excavaron al horizonte
C (120 cm) y se describieron conforme al Soil Survey Manual
(1993). De cada perfil, las muestras de volumen de los horizontes
se analizaron en el laboratorio. La distribucién particula-tamafio
se determind con el método del hidrémetro (Gee y Bauder, 1982),
y pH en una proporciéon suelo:agua de 1:2 (Mc Lean, 1982).
Otras variables fueron carbon organico (Nelson and Summers,
1982), nitrégeno total (Bremner and Mulvaney, 1982) y carbo-
nato de calcio (Nelson, 1982), CEC (Rhoades, 1982). Se extraje-
ron cationes intercambiables del suelo por 1 M NH,OAc (Thomas,
1982). EC (Rhoades, 1996) se determiné colocando 25 g de suelo
seco al aire en un matraz de Erlenmeyer de 125 mL, al que se

?

0 200 km

Iznik Lake

Bursa

> O nm
Uluabat Lake

N
0 T 200 km
——

B Research area

Figure 1. The location of research area in the Bursa province, Turkey.
Figura 1. La localizacion del drea de investigacion en la provincia de Bursa, Turquia.

100 VOLUMEN 43, NUMERO 2



PEDOGENESIS AND CHARACTERISTICS OF THE TERRA ROSSAS ON DIFFERENT PHYSIOGRAPHIC POSITION AND THEIR CLASSIFICATION

RESULTS AND DISCUSSION

The morphological properties of Terra Rossas are
described in Table 1. The color of all studied profiles
has Munsell color of 2.5 YR hue with value 4 to 5 and
chroma 3 to 8 when moist. The morphological properties
of soils are quite similar and A horizons are usually
quite well preserved, being 10-25 cm thick and with
moderate medium subangular blocky structure. The
profile thickness varied from 90 to 115 cm and
topography changed from convex to concave in the
study area. All profiles are well drained.

The physical and chemical properties of the soils
are presented in Table 2. Texture ranged between clay
and clay loam and clay content (32.9 to 57.1 %)
increased appreciably with depth.

These soil profiles developed on unconsolidated
limestone and the clay fraction showed higher values
than the sand and silt fractions throughout the profiles.
The geomorphic position of profiles and their locations
affected distribution of the clay content which was
significant for profiles 3, 4 and 5 had. Clay content
increased sharply with depth for profiles 3, 4, and 5.
The 1.2 ratio of total clay in the argillic horizon to that
of an overlying eluvial horizon satisfies the requirements

Table 1. Morphological properties of the studied profiles.
Cuadro 1. Propiedades morfolégicas de los perfiles estudiados.

agregaron 100 mL de agua estéril desionizada, se agité a 250
rpm por 30 min, dejando que la solucion se asentara por 30 min;
la solucién se filtré por gravedad en un filtro de papel Whatman
2. En la solucidn clara del extracto se agregaron dos gotas de una
solucién de hexametafostafo sédico al 0.1 % antes de medir EC.
Para medir EC se us6 un metro de conductividad Hach CO150,
que se reportd como dS m~!. Los 6xidos de hierro y manganeso
se extrajeron con citrato-bicarbonato-ditionita (Mehra and Jackson,
1960) y se analizaron con un espectrofotémetro de absorcion at6-
mica. Estos suelos se clasificaron conforme a los sistemas de la
Soil Taxonomy (USDA, 2003) y la WRB (2006) estdan bien
drenados.

RESULTADOS Y DISCUSION

Las propiedades morfoldgicas de la Terra Rossa se
describen en el Cuadro 1. El color de todos los perfiles
estudiados es el tono 2.5 YR de Munsell con valor 4 a
5 y cromo 3 a 8 cuando estdn himedos. Las propieda-
des morfoldgicas de los suelos son muy similares y los
horizontes A se conservan bastante bien, con 10-25 cm
de espesor y estructura de blogia subangular media,
moderada. El espesor del perfil vari6 de 90 a 115 cm
y la topografia cambié de convexa a concava en la
zona de estudio. Todos los perfiles.

Munsell . Land use and
Horizon Depth color, Texture StmcFure Consistence Boundary Elevation An{gle of F olrm of vegetation
(cm) (moist) (moist) (m) slope slope type
Profile 1 350 7 Convex  Pinus brutia
A 0-20 2.5 YR 4/6 C 2m, sbk fi s
Bw 20-45 2.5YR5/8 C 3m, sbk fi c
Ck 45-100 2.5 YRS5/3 CL 2m, sbk fi c
Profile 2 300 6 Convex Pinus brutia
A 0-25 2.5 YR 4/6 C 2m, sbk fi w
Bw 25-35 2.5YR 5/8 C 3m, sbk fi g
Ck 35-95 2.5YR 5/4 CL 2m, sbk fi g
Profile 3 250 3 Concave Pinus brutia
A 0-15 2.5 YR 4/3 C 2m, sbk fi s
Bt 15-42 2.5YR5/6 C 3m, sbk fi g
Ck 42-90 2.5YR5/6 CL 2m, sbk fi g
Profile 4 200 3 Concave Machines
A 0-10 2.5 YR 4/4 C 2m, sbk fi s
Bt 10-58 2.5YR5/6 C 3m, sbk fi s
Ck 58-110 2.5YRS5/3 C 2m, sbk fi g
Profile 5 220 2 Concave Macchie
A 0-20 2.5 YR 4/3 C 2m, sbk fi s
Bt 20-65 2.5YR5/6 C 3m, sbk fi c
Ck 65-115 2.5 YR 5/4 C 3m, sbk fi c

Structure: 2 = moderate; 3= strong. Type: m = medium. Class: sbk = subangular blocky. Consistency: fi = firm.

Boundary: ¢ = clear; g = gradual; s= smooth; w = wavy.
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Table 2. Some physical and chemical properties of studied profiles.
Cuadro 2. Algunas propiedades fisicas y quimicas de los perfiles estudiados.

CBD Exchangeable cations

_ Depth  Sand  Silt  Clay PHI2  pc Org.C  Total N CaCo, extractable Ca™  Mg'™ K* Na*

Horizon Texture soil: CEC
(CIII) (%) (%) (%) water (ds m—l) (%) (%) (%) Fe Mn cmol kg_]
mg g~ mg g~!

Profile 1
A 0-20 26.2 30.3 41.0 C 7.7 0.67 0.9 0.09 10.0 1.8 10.7 0.77 36.9 31.0 3.2 1.8 29
Bw 20-45 23.5 28.1 47.2 C 7.9 0.60 0.6 0.07 8.6 2.0 17.5 0.58 39.2 33.5 3.9 1.3 23
Ck 45-100 32.1 27.3 38.0 CL 8.0 0.45 — —- — 13.7 12.4 0.65 32.6 27.1 4.3 09 1.7
Profile 2
A 0-25 28.4 27.3 4.5 C 7.9 0.60 0.9 0.08 11.2 1.2 15.1 1.02 38.1 32.3 3.1 1.4 2.7
Bw 25-35 18.7 29.7 49.4 C 8.0 0.54 0.5 0.06 8.3 2.7 19.0 0.87 42.0 35.7 3.6 1.5 24
Ck 35-95 29.1 35.2 32.9 CL 8.2 0.37 — —- — 16.8 17.2 0.98 30.4 24.0 4.6 1.1 1.9
Profile 3
A 0-15 25.1 28.9 44.1 C 7.8 0.72 1.1 0.09 12.2 2.0 24.1 0.92 42.2 35.1 3.9 1.6 3.0
Bt 15-42 19.0 26.4 52.6 C 7.9 0.63 0.8 0.07 11.4 3.6 29.9 0.80 45.8 39.5 4.4 1.0 22
Ck 42-90 26.6 32.0 39.3 CL 8.2 0.48 — —- — 20.7 26.2 0.87 37.6 29.5 6.5 0.8 22
Profile 4
A 0-10 27.5 22.8 47.9 C 8.0 0.79 1.0 0.08 12.5 3.1 23.5 0.86 46.5 39.8 2.5 20 35
Bt 10-58 16.0 24.9 57.1 C 8.1 0.61 0.6 0.06 10.0 5.9 27.2 0.71 49.0 41.1 3.9 2.1 29
Ck 58-110 25.0 28.3 43.7 C 8.2 0.50 — —- — 18.1 24.8 0.78 39.1 31.3 6.3 1.3 1.2
Profile 5
A 0-20 33.3 25.8 40.3 C 7.9 0.58 1.2 0.09 13.3 1.6 20.3 0.95 40.1 32.6 2.9 23 32
Bt 20-65 17.6 27.5 54.5 C 8.0 0.42 0.7 0.07 10.0 2.9 29.1 0.88 50.8 43.1 3.7 1.8 2.7
Ck 65-115 27.0 30.2 42.7 C 8.0 0.36 — —- — 22.8 24.4 0.90 37.8 29.0 6.9 1.5 1.6

CBD: Citrate-bicarbonate-dithionite.
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of Soil Taxonomy (USDA, 2003). These profiles had
higher clay values than the other profiles, because they
were developed on the lowest part of the research area.
The high clay accumulation in the Bt horizons was due
to the high degree of clay illuviation at the lower
elevation, their topography and a better water movement
throughout these profiles. Therefore, the profiles 1 and
2 did not meet the clay increase requested by the WRB
(2006); however, they showed high contents of clay,
clay coating and infilling in the B horizons, which are
characteristics of argillic horizon. Hopkins and Frazer.
(2003) have stated the similar soil forming processes
for similar soil profiles; they studied, on the eastern
North Dakota till plains since the inception of the
Holocene, soils with argillic horizon which were
recognized on a very limited basis. The examined
profiles showed evidence of genetic argillic horizons
based on soil structure, hand texturing, and cutan
presence.

The soil pH varied from 7.7 to 8.2 and values
increased with depth. The cation exchange capacity
(CEC) of these soils ranges between 30.4 to 50.8 cmol
(+) kg~' and organic matter conditions were low. This
means that CEC was largely due to clay presence.
Exchangeable calcium and magnesium are dominant
cations followed by sodium and potassium. The use of
ammonium acetate pH 7 could lead to overestimation
of exchangeable calcium. The values of CaCO; (1.2 to
22.8 %) were high and increased with depth due to
presence of the alkaline parent material, which is
unconsolidated limestone. This trend shows that there
is a calcification in these soils. The organic C, total N,
and C/N values are generally very low; the low carbon
values are due to the high rate of decomposition of
organic matter, occurring in most soils of the region
(Aydinalp, 1996). The electrical conductivity values
decreased with depth and the results indicated that the
soils are not saline under these conditions.

The profiles 3, 4, and 5 had higher citrate-
bicarbonate-dithionite extractable Fe values than the
other two profiles. The citrate-bicarbonate-dithionite
extractable Mn values decreased in the all soils with
depth. The results of the present research indicated
that the soils of the study area exhibit a similar degree
of development. But, local microtopograpghy have
caused some differences in the chemical and physical
properties of the soils, especially the clay illuviation
and the citrate-bicarbonate-dithionite extractable Fe
values. The differences in soil properties were due to
different location of the profiles in relation with the
geomorphological position of the study area at the
profiles 3, 4, and 5. Sgouras et al. (2007) studied
some soils from Greece and classified them as
Haploxeralfs and Rhodoxeralfs. They found similar

Las propiedades fisicas y quimicas de los suelos se
muestran en el Cuadro 2. La textura vari6 de arcillosa
a franco arcillosa y el contenido de arcilla (32.9 a
57.1 %) aument6 considerablemente con la pro-
fundidad.

Estos perfiles de suelo se desarrollaron en roca ca-
liza no consolidada y la porcion de arcilla mostrd valo-
res mas altos que las de arena y cieno en todos sus
perfiles. La posicion geomorfica de los perfiles y sus
ubicaciones afectaron la distribucién del contenido de
arcilla, el cual fue significativo en los perfiles 3, 4 y 5.
El contenido de arcilla se increment6 mucho con la
profundidad en los perfiles 3, 4 y 5. La proporcién 1:2
de arcilla total en el horizonte argilico con respecto al
de un horizonte eluvial subyacente cumple con los re-
querimientos de la Soil Taxonomy (USDA, 2003). Es-
tos perfiles mostraron valores mas altos de arcilla que
otros, debido a que se desarrollaron en la zona inferior
del 4rea de estudio. La gran acumulacién de arcilla en
los horizontes Bt se debid al alto grado de iluviacién
de arcilla en la elevacion mds baja, a su topografia, asi
como a un mejor flujo del agua en todos estos perfiles.
Por tanto, los perfiles 1 y 2 no cumplieron con el
aumento de arcilla establecido por la WRB (2006); sin
embargo, mostraron altos contenidos de arcilla, reves-
timiento y relleno de arcilla iluvial en los horizontes B,
caracteristicas del horizonte argilico. Hopkins y Frazer
(2003) sefialaron la similitud de los procesos de forma-
cion del suelo en perfiles de suelo semejantes; estudia-
ron, en llanuras de till (tillita) del este de Dakota del
Norte del comienzo del Holoceno, suelos con horizon-
te argilico que se reconocieron de forma muy limitada.
Los perfiles analizados mostraron evidencia de hori-
zontes argilicos genéticos con base en la estructura del
suelo, texturizacién manual, y presencia de citanes.

El pH del suelo vari6 de 7.7 a 8.2 y los valores
aumentaron con la profundidad. La capacidad de inter-
cambio catidnico (CIC) de estos suelos vario entre 30.4
y 50.8 cmol (+) kg~! y las condiciones de la materia
organica fueron bajas. Esto significa que CIC se debid
en gran medida a la presencia de arcilla. Calcio y man-
ganeso intercambiables son cationes dominantes, se-
guidos por sodio y potasio. El uso de acetato de amonio
pH 7 podria ocasionar una sobre estimacion de calcio
intercambiable. Los valores de CaCO; (1.2 a 22.8 %)
fueron elevados y aumentaron con la profundidad por
la presencia de material alcalino original, que es roca
caliza no consolidada. Esta tendencia muestra que en
estos suelos hay calcificacion. El C orgéanico, N total,
y los valores C/N son generalmente muy bajos; los
bajos valores de carbono se deben al alto indice de
descomposicion de la materia orgdnica, la cual tiene
lugar en practicamente todos los suelos de la regi6n
(Aydinalp, 1996). Los valores de conductividad eléctrica
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distribution of the citrate-bicarbonate-dithionite
extractable Fe and Mn and stated that the Mediterranean
climate affects many soil properties in this region.
The studied soils were classified according to their
type and sequence of horizons. The cambic, argillic
and calcic horizons were defined in for these soils.
The middle horizons were identified as cambic B (Bw)
and argillic B (Bt) horizons. The lowest horizons were
identified as calcic (Ck) horizon due to accumulation
of carbonates. These soils were classified according to
the Soil Taxonomy (USDA, 2003) and WRB (2006)
systems as Calcic Haploxeralfs, and Calcic Luvisols.

CONCLUSIONS

The formation and evolution of Terra Rossa soils
under a xeric climate in Turkey, similar to other that
prevails in most areas around the Mediterranean basin,
are affected by the role and the relative importance of
soil genesis factors, such as parent material, time,
topography, and climate. The profile developments
when all these factors have an optimal effect correspond
with the Alfisols order. These soils have slightly to
moderate alkaline reactions, low organic matter, and
high CaCO; content in the Ck horizons. The red
color is related to amounts of iron oxides in the
profiles. A special problem was encountered in
classifying two out of five profiles. These soil
profiles did not meet the clay increase requested by
the WRB (2006) classification system to be classifies
as Luvisols, but were classified as Calcic Luvisols
due to the high contents of clay, clay coating and
infilling in the B horizons and based on field
characteristics. The soils were examined and
classified according to the Soil Taxonomy (USDA,
2003) system as Calcic Haploxeralfs. These soils
are similar in their physical, chemical and
morphological properties. Soils are dominated by
the influence of climate and lithology.

LiTERATURE CITED

Aydinalp, C. 1996. Characterization of the Main Soil Types in the
Bursa Province, Turkey. Ph. D. Thesis, The University of
Aberdeen, Aberdeen, UK. pp: 144-145.

Aydinalp, C. 2001a. A pedological study of Terra Rossas formed on
different parent materials in northwestern Turkey. 7th
International Meeting of Soils with Mediterranean Type of
Climate, Sept 23-28, Technomack, Bari, Italy. pp: 132-135.

Aydinalp, C. 2001b. The effect of different geomorphological
positions on Terra Rossas in northwestern Turkey: Soil
characteristics and pedogenesis. 7™ International Meeting of Soils
with Mediterranean Type of Climate, Sept 23-28, Technomack,
Bari, Italy. pp: 136-139.

Balagh, T. M., and E. C. A. Runge. 1970. Clay rich horizons over
limestone, illuvial or residual. Soil Sci. Soc. Am. Proc. 34:
534-535.

104 VOLUMEN 43, NUMERO 2

disminuyeron con la profundidad y los resultados indi-
caron que los suelos no son salinos en estas condicio-
nes.

Los perfiles 3, 4 y 5 tuvieron valores de Fe extraible
con ditionito-citrato-bicarbonato mds altos que los otros
dos. Los valores de Mn extraible con ditionito-citrato-
bicarbonato disminuyeron en todos los suelos con la
profundidad. Los resultados de esta investigacion indi-
can que los suelos del drea de estudio muestran un
grado similar de desarrollo. Pero la microtopografia
local ha causado algunas diferencias en las propieda-
des quimicas y fisicas de los suelos, particularmente
en la iluviacién de arcilla y los valores de Fe extraible
con ditionito-citrato-bicarbonato. Las diferencias en las
propiedades del suelo se debieron a la distinta ubica-
cion de los perfiles en relacion con la posicion
geomorfica del 4rea de estudio en los perfiles 3, 4 y 5.
Sgouras et al. (2007) analizaron algunos suelos de
Grecia y los clasificaron como Haploxeralfs y
Rhodoxeralfs. Ellos encontraron una distribucion se-
mejante de Fe y Mn extraibles con ditionito-citrato-
bicarbonato y sefialaron que el clima mediterrdneo afecta
muchas de las propiedades del suelo en esta region.

Los suelos estudiados se clasificaron conforme a su
tipo y secuencia de horizontes. Los horizontes cAmbicos,
argélicos y célcicos se definieron dentro de estos sue-
los. Los horizontes intermedios se definieron como
horizontes B cambicos (Bw) y B argilicos. Los hori-
zontes inferiores se definieron como horizontes célci-
cos (Ck) debido a la acumulacion de carbonatos. Estos
suelos se clasificaron como Haploxeralfs célcicos y
Luvisoles célcicos segin los sistemas de la Soil
Taxonomy (USDA, 2003) y la WRB (2006).

CONCLUSIONES

La formacién y la evolucién de suelos Terra Rossa
en clima xérico en Turquia, similar al que predomina
en la mayoria de las zonas aledafias de la cuenca medi-
terranea, son afectadas por la funcion y la importancia
relativa de los factores de génesis del suelo, como
material parental, tiempo, topografia, y clima. Los
desarrollos del perfil cuando todos estos factores tie-
nen un efecto Optimo corresponden al orden de los
Alfisoles. Estos suelos tienen reacciones alcalinas lige-
ras a moderadas, poca materia orgdnica, y alto conte-
nido de CaCO; en los horizontes Ck. El color rojo estd
relacionado con cantidades de 6xidos de hierro en los
perfiles. Hubo un problema especifico en la clasifica-
cién de dos de los cinco perfiles. Estos perfiles de
suelo no tuvieron el aumento de arcilla establecido por
el sistema de clasificacion de la WRB (2006) para ser
clasificados como Luvisoles, pero se clasificaron como
Luvisoles célcicos por su alto contenido de arcilla,
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