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ABSTRACT

RESUMEN

The objective of this study was to describe the
geomorphological landscapes and to reorganize the Soil
Referential Groups (SRS) according to the reliefs and the
qualifiers to identify the regularities of the distribution of the
soils of the municipality of San Blas, Nayarit. The soils found
present great variability derived from the heterogeneity
of the land and the factors that intervene in the study
area, reflecting three regularities in the distribution and
development of the soils, composed of 16 geomorphological
landscapes. The first is the soils affected by the intrusion
of sea water into the continent, these are soils of recent
origin moderately acidic to neutral, very saline and sandy;
the second regularity presents soils derived from the Rio
Grande de Santiago Delta, with accumulation of alluvial
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El presente estudio tuvo como objetivo
describir paisajes geomorfoedafoldgicos y reorganizar
los Grupos Referenciales de Suelos (RSG) en funcién
de los relieves y los calificativos para identificar las
regularidades de distribucién de los suelos del municipio
de San Blas Nayarit. Los suelos encontrados presentan
gran variabilidad derivada de la heterogeneidad del
terreno y de los factores que intervienen en el area de
estudio, reflejan tres regularidades en la distribucion y
desarrollo de los suelos, compuestos por 16 paisajes
geomorfoldgicos. La primera son los suelos afectados por
la intrusién de agua de mar al continente, son suelos de
origen reciente moderadamente acidos a neutros, muy
salinos y arenosos; la segunda regularidad presentan
suelos derivados del Delta Rio Grande de Santiago, con
acumulaciéon de sedimentos aluviales de origen fluvial,
poco desarrollados muy profundos, muestran formacion
de arcilla débil, pH neutro, sin sales con excepcién en los
limites de transicion de agua de mar o salobre; la tercera
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sediments of fluvial origin, little developed very deep, show
weak clay formation, of neutral pH, without salts except
in the transition limits of sea or brackish water; the third
regularity groups soils of mountainous relief of basaltic
origin, the accumulation of clay is greater than in the rest
of the territory and does not present salts, its percentage
of organic matter (OM) is high to very high and of acidic
pH. A total of eight Reference Groups of Classified Soils
are described based on the World Reference Base for the
soil resource, in which Fluvisols, Phaeozems, Luvisols,
Arenosols and Cambisols soils stand out.

regularidad agrupa suelos de relieve montafioso de origen
basaltico, la acumulacién de arcilla es mayor que en el
resto del territorio y no presenta sales, su porcentaje de
materia organica (OM) es alto a muy alto y de pH &cido.
Se describen un total de ocho Grupos Referenciales de
Suelos Clasificados en base a World Reference Base para
el recurso suelo, en los que destacan los suelos de tipo
Fluvisol, Feozem, Luvisol, Arenosol y Cambisol.

PALABRAS CLAVE
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Introduction

Soils maps are a scale representation
of the spatial distribution of soil classes and their
physiographical, physical, chemical and biological land
characteristics; the shortage of maps with a detailed
distribution of soil units represents a frequent limiting
factor for decision making (Colin et al., 2017). For Palma
et al. (2017), developing knowledge on soil distribution
in a determined region and on homogenous unit
formation is necessary, as well as characterizing their
properties to be able to infer their productive potential
and management alternatives. From there, the necessity
to rely on actualized soil studies arises, with the purpose
of supplying a base for conservation, preservation,
sustainable exploitation of the soil resource (Bautista
et al.,, 2005); use planning, agricultural development
projects, erosion assessment and agroecological
management (Zinck, 2012).

In the last decades, technological methodologies and
innovations have been developed to reduce the prices
in soil survey, such as teledetection, geographical
information systems and spatial statistics (Zinck,
2005). Relationships between geomorphology and
edaphology in the context of landscape ecology
provides cartographical limits of mapping units, where
geomorphological landscapes affect the geographical
distribution of soil groups and characteristics at
horizons, properties, diagnostic materials and qualifiers

Introduccion

Los mapas de suelos son una representacion a
escala de la distribucion espacial de las clases de suelo
y sus caracteristicas fisiograficas, fisicas, quimicas y
biologicas del terreno; la escasez de mapas con una
distribucion detallada de las unidades de suelo representa
una limitante frecuente para la toma de decisiones (Colin et
al., 2017). Para Palma et al. (2017), es necesario conocer
cémo se distribuyen los suelos en una regién determinada,
la formacién de unidades homogéneas y caracterizar sus
propiedades a modo de inferir su potencial productivo
y alternativas de manejo. De ahi surge la necesidad de
contar con estudios de suelo actualizados, con la finalidad
de proporcionar la base para la conservacion, preservacion,
aprovechamiento sustentable del recurso suelo (Bautista
et al., 2005); planificacién de uso, proyectos de desarrollo
agricola, evaluacién de erosion y manejo agroecoldgico
(Zinck, 2012).

En las ultimas décadas se han desarrollado metodologias
e innovaciones tecnoldgicas para abaratar costos en los
levantamientos de suelos, tales como la teledeteccion,
sistemas de informacion geografica y estadisticas
espaciales (Zinck, 2005). La relacién entre geomorfologia
y edafologia en el contexto de la ecologia de paisajes,
suministra los limites cartograficos de las unidades de
mapeo, donde los paisajes geomorfolégicos influyen
en la distribucién geogréfica de los grupos de suelos y
las caracteristicas a nivel de horizontes, propiedades,
materiales de diagnéstico y calificadores, que inciden
en factores limitantes para la capacidad agropecuaria,
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levels, which have an impact on limiting factors for
agriculture and livestock capacity, natural conservation,
urban areas and each coverage established in its
distribution (Zinck, 2012). As well, digital soil maps
designed from environmental variables allow to infer
the spatial distribution of great soil groups, based on
field observations and auxiliary data, it is an alternative
technic in studies where information on soils is minimum
or is found at a very little scale (Colin et al., 2017).

In Mexico, some recent reports link geomorphological
environments, geoforms and soils for the state of
Yucatan (Bautista et al., 2015), Tabasco (Zavala et al.,
2012; 2016) and, Tabasco and Chiapas (Solis et al.,
2014). In the region of the municipality of San Blas,
Nayarit, where two physiographic regions converge,
diverse authors report studies of soil survey in which
geomorphological landscapes are included, mainly in
the Pacific Coastal Plain (Bojorquez & Ldépez 1997,
Bojorquez et al., 2006, 2007, 2008; Gonzalez et al.,
2009) and in the Northwestern sector of the Neovolcanic
Axis (Bojérquez & Lépez, 1995); however, at a semi-
detail scale, very little edaphological studies have been
performed, there are just some profiles characterized by
INEGI and a soil map at small scale, that was performed
in the period from 2001 to 2004 (consulted on October
17t of 2018 at http://www.inegi.org.mx).

Because of the importance of San Blas municipality for
the state of Nayarit in agriculture, aquaculture and fishery
production, the objective of this study was to describe
geomorphoedaphological landscapes and to reorganize
Reference Soil Groups (RSG) according to soil identification
patterns present in San Blas municipality, Nayarit.

Material and Methods

Study area

This research study was performed in San
Blas municipality, Nayarit, Mexico; it has a surface of
849.78 km?, the type of climate is warm-subhumid (25.2
°C) with an average annual precipitation of 1,316 mm
(Cossio et al., 2008); limits with Pacific Mexican Ocean,
where the physiographical provinces of Neovolcanic
Axis and Pacific Coastal Plain converge, corresponding
to geostructures according to Zinck (2012), in which
six topoform systems converge, corresponding to
geomorphological landscapes according to Zinck (2012)

conservacion natural, zonas urbanas y cada una de las
coberturas que se instauran en su distribucién (Zinck,
2012). También, el disefio de mapas digitales de suelos a
partir de variables ambientales, permite inferir la distribucion
espacial de los grandes grupos de suelos con base en
observaciones de campo y datos auxiliares, es una técnica
alternativa en estudios donde la informacion de suelos es
minima o se encuentra en una escala muy pequefia (Colin
etal., 2017).

En México existen reportes recientes que relacionan los
ambientes geomorfolégicos, geoformas y suelos para el
estado de Yucatan (Bautista et al., 2015), Tabasco (Zavala
et al., 2012; 2016) y, Tabasco y Chiapas (Solis et al., 2014).
En la regién del municipio de San Blas, Nayarit confluyen
dos regiones fisiograficas, diversos autores reportan
estudios de levantamientos de suelos en los cuales
incluyen a los paisajes geomorfoldgicos, principalmente en
la Llanura Costera del Pacifico (Bojorquez & Lopez, 1997,
Bojérquez et al., (2006, 2007, 2008); Gonzalez et al., 2009)
y del sector noroccidental del Eje Neovolcanico (Bojérquez
& Lopez, 1995); sin embargo, a escala de semidetalle se
han hecho muy pocos estudios edafolégicos, solamente
hay algunos perfiles caracterizados por el INEGI y un mapa
de suelos a escala pequena (consultado el 17 de octubre
de 2018 en http://www.beta.inegi.org.mx), que se hizo
durante el periodo del 2001 al 2004 (consultado el 17 de
octubre de 2018 en http://www.inegi.org.mx).

Por la importancia del municipio de San Blas para el
estado de Nayarit en la produccion agricola, acuicola
y pesquera, el objetivo de este estudio fue describir
paisajes geomorfoedafoldgicos y reorganizar los Grupos
Referenciales de Suelos (RSG) en funcién de los relieves y
obtener los calificadores para identificar las regularidades
de distribucion de los suelos.

Material y Métodos

Area de estudio

Esta investigacion se llevé a cabo en el municipio
de San Blas, Nayarit, México; tiene una superficie de
849.78 km?, el tipo de clima es calido-subhumedo (25.2 °C)
con precipitacion promedio anual de 1,316 mm (Cossio et
al., 2008); limita con el Océano Pacifico Mexicano donde
confluyen las provincias fisiograficas del Eje Neovolcanico
y la Llanura Costera del Pacifico, en ellas convergen seis
sistemas de topoformas (Llanura costera, Llanura costera
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(Coastal Plain, Delta Coastal Plain, Saline Coastal Plain
with Coastal Lakes, Littoral ridges Plain, Volcanic Belt
with steep hillsides and Volcanic Isolated Elevations)
(Figure 1). The northwestern part of the Neovolcanic
Axis has been included, a Plio-Quaternary volcanic
structure that is East-West superimposed to the most
ancient structures, in the region Graben Chapala-Tepic;
the principal eruptive center is San Juan volcano, to
which secondary eruptive centers such as La Yerba and
La Cebadilla are associated, with diverse small volcanic
cones with lava flows partially buried by recent alluvium,
among them Chacalilla, La Contaduria and Ceboruco-
Las Islitas (Demant et al., 1976). As well, the South
part of the Pacific Coastal Plain formed by alluvium of
Santiago river during late Pleistocene Epoch, followed
by a transgressive phase in the first millennia of the
Holocene Epoch where the coastal line progressed and
migrated inside under the primitive surface of the Delta;
posteriorly, the transgressive movement stabilized with
a slow ascent of the sea level, from 5,600 to 6,800
years ago, age from which a regressive behavior of
the coast occurred with the formation of littoral ridges,
phenomenon that has persisted since the last thousands
of years (Curray et al., 1969).

deltaica, Llanura costera salina con lagunas costeras,
Llanura de cordones litorales, Sierra volcanica de laderas
escarpadas y Elevaciones volcanicas aisladas) (Figura 1).
Se incluyen la parte noroccidental del Eje Neovolcanico,
que se
sobrepone Este-Oeste a las estructuras mas antiguas,

una estructura volcanica Plio-Cuaternaria
en la regién Graben Chapala-Tepic; el centro eruptivo
principal es el volcan San Juan, al cual se asocian centros
eruptivos secundarios tales como La Yerba y La Cebadilla,
con diversos edificios volcanicos pequefios con coladas
de lava parcialmente sepultados por aluviones recientes,
entre ellos Chacalilla, La Contaduria y Ceboruco-Las Islitas
(Demant et al., 1976). También, la parte sur de la Llanura
Costera del Pacifico formada por aluviones del rio Santiago
en el Pleistoceno tardio, seguido de una fase transgresiva
en los primeros milenios del Holoceno donde la linea de
costa avanza y emigra tierra adentro sobre la primitiva
superficie del delta; posteriormente, el movimiento
transgresivo se fue estabilizando con un lento ascenso
del nivel del mar, hace unos 5,600 a 6,800 afios, época a
partir de la cual tiene lugar un comportamiento regresivo
de la costa con formacion de cordones litorales,
fenédmeno que ha perdurado desde los ultimos miles de
afos (Curray et al., 1969).

1:182,000

Study area
and topoform system
San Blas Nayarit, Mexico

Topoforms system
Coastal plain
Coastal deltaic plain

I Cosstal plain saline with coastal lagoons
Coastal plain cords

[ isolated volcanic elevations

I Volcanic sierra of steep slopes

o 5 10 20 30

Figure 1. Physiographic location of the area under study.

Figura 1. Localizacion fisiografica del area en estudio.
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The mountainous region of the study area corresponds to
Nayarit Volcanic Belts sub-province or geomorphological
environments according to Zinck (2012) are constituted
by basalts and andesite rocks, with dominant vegetation
of tropical semi-deciduous forest and fruit trees planta-
tions; while the coastal part of Rio Grande de Santiago
Delta is constituted by three topoforms: 1) Delta plain
(alluvial) of Santiago river with the use of the agriculture
soil, 2) saline coast with lakes, mangrove vegetation and
aquaculture-fishery use and 3) system of coastal ridges
with sandy soils, halophyte vegetation and cultivations
(INEGI, 2013).

Geomorphological landscapes

The interpretation of geomorphological units
was realized from the tridimensional model of land from
aerial photographs, supported by digital orthophotos,
digital model of elevation (DME) (Priego et al., 2010),
geological, edaphological, vegetation and soil use thematic
maps (INEGI, 2013). Maps were digitalized using the
Geographical Information System ArcGIS 10.3. With them,
the hierarchized geomorphological caption was designed,
using the physiographic model previously defined by INEGI
(2013) as a frameshift, the geomorphological environment
corresponding to areas dominated by tectonic blocks
of sedimentary rocks without marked geoforms of other
environments; Great geomorphological landscape based
on the physical description of its geology, macro relief and
climate as proposed by Robertson et al. (2013); finally the
geomorphological landscape that adds coverage and soil
use to these characteristics (Gonzalez et al., 2009). The
criterion of separation of geomorphoedaphological units
proposed by Zinck (2012) and applied in Mexico by Bautista
et al. (2015) and Zavala et al. (2016) was used.

Geomorphoedaphological landscapes

To characterize geomorphoedaphological units, 43
sites were described through soil profiles (FAO, 2009) and
were added to two already described by INEGI, for a total of
45 detailed descriptions: a profile for each 18.88 km?. There
are units with one to five soil profiles described according
to their size, heterogeneity and availability (Elbersen et al.,
1986; SEMARNAT, 2002; Soil Survey Staff, 1993). Samples
were analyzed in laboratory; mechanical composition,
apparent density, pH, electrical conductivity, organic matter,
interchangeable cations and cationic interchange capacity
(SEMARNAT, 2002). With field and laboratory data, the
described profiles were classified, the World Reference
Base (WRB) International Standard for Soil Classification

La regién montafiosa del area en estudio corresponde a la
subprovincia Sierras Volcanicas Nayaritas de composicion
de basaltos y andesitas, con vegetacion dominante de
bosque tropical subcaducifolio y plantaciones de frutales;
mientras que la parte costera al Delta del rio grande de
Santiago, con tres topoformas: 1) la llanura deltaica (aluvial)
del rio Santiago con uso del suelo agropecuario, 2) la llanura
salina con lagunas, vegetacion de manglares y uso acuicola-
pesquero v, 3) el sistema de barras costeras con suelos
arenosos, vegetacion haldfita y cultivos (INEGI, 2013).

Paisajes geomorfolégicos

La interpretacién de las unidades geomorfoldgicas
se realiz6 a partir del modelo tridimensional de terreno
sobre fotografias aéreas, apoyo de ortofotos digitales,
modelo digital de elevacion (DME) (Priego et al., 2010),
cartas tematicas de geologia, edafologia, de vegetacion
y uso del suelo (INEGI, 2013). Se digitalizaron utilizando
el Sistema de Informacion Geografica ArcGIS 10.3.
Con todo ello, se disefié la leyenda geomorfoldgica
jerarquizada, utilizando como marco el modelo fisiografico
previamente definido por el INEGI (2013), el Ambiente
geomorfolégico que corresponde a las zonas dominadas
por los bloques tecténicos de rocas sedimentarias sin
geoformas marcadas de otros ambientes; Gran paisaje
geomorfolégico basado en la descripcion fisica de
su geologia, el macrorelieve y clima como lo propone
Robertson et al. (2013); por ultimo el Paisaje geomorfolégico
que suma a estas caracteristicas la cobertura y uso del suelo
(Gonzalez et al., 2009). Se utilizoé el criterio de separacion
de las unidades geomorfopedoldgicas propuesto por Zinck
(2012) y aplicado en México por Bautista et al. (2015) y
Zavala et al. (2016).

Paisajes geomorfoedafologicos

Para caracterizar las unidades
geomorfoedafologicas se describieron 43 sitios para a
través de perfiles de suelos (FAO, 2009) y se sumaron
dos descritos por INEGI, para un total de 45 descripciones
detalladas; un perfil por cada 18.88 km?. Existen unidades
con uno y hasta cinco perfiles de suelo descritos, de acuerdo
a su tamafio, heterogeneidad y accesibilidad (Elbersen et
al., 1986; SEMARNAT, 2002; Soil Survey Staff, 1993). Se
analizaron las muestras en laboratorio; la composicion
mecanica, densidad aparente, pH, conductividad eléctrica,
materia organica, cationes intercambiables y capacidad
de intercambio catidonico (SEMARNAT, 2002). Con los
datos de campo y laboratorio, se clasificaron los perfiles
descritos, se utilizo el sistema internacional de clasificacion
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System (IUSS, Working Group, WRB, 2015) and integrated
to the geomorphoedaphological map and caption of the
study area.

Soil distribution pattern

Soil distribution patterns of the study area were
analyzed from the clustering of Reference Soil Groups
(RSG) and their | primary and Il supplementary qualifiers
of the International Standard for Soil Classification System
(IUSS, Working Group, WRB, 2015) and for types of
relief (geostructures, geomorphological environments and
geomorphoedaphological landscapes).

Results and Discussion

Geomorphoedaphological landscapes

In the municipality of San Blas, Nayarit, 16
geomorphological landscapes were identified, distributed
into three geomorphological environments and two

geostructures (Table 1).

The municipality of San Blas, Nayarit, presented two types
of climate (AW, and AW,), both warm-subhumid, dark rocks
of basaltic igneous were found in the Neovolcanic Axis; in
the Coastal and Delta Plain accumulations of sediments
mainly sands and limos which have been depositing over
time, these delta deposits have harrowed the ancient
coastal line until making the current external continental
platform (Curray & Moore, 1964), the distribution of these
properties, of present vegetation and RSG was presented
in Table 2.

For each one of the geomorphoedaphological landscapes,
the location and identification of the soil profiles described
in the study (Figure 2) were described below. Primary and
supplementary qualifiers were shown in Table 3 for the
edaphological identification of landscapes.

Soils of the geomorphological environment of
the Pacific Coastal Plain

This ecosystem was located in the extreme
south of the Pacific Coastal Plain, it presented three
great landscapes, Delta Plain made by sediments from
the Santiago River, Littoral Ridges Plain originated
during sea regressive step and, Saline Plain with
Coastal Lakes, influenced by seawater intrusion into
the continent.

de suelos WRB (IUSS, Working Group, WRB, 2015) y se
integraron a la leyenda geomorfoedafolégica y el mapa
geomorfoedafolégico del area en estudio.

Regularidades de distribucion de suelos

Se analizaron las regularidades de distribucion de
suelos del area en estudio a partir del agrupamiento de
grupos referenciales de suelos (RSG) y sus calificadores |
primarios y Il suplementarios del Sistema Internacional de
Clasificacion de Suelos (IUSS, Working Group, WRB, 2015)
y por tipos de relieve (regiones fisiograficas, ambientes
geomorfoldgicos y unidades geomorfoedafologicas).

Resultados y Discusién

Paisajes geomorfoedafolégicos

En el municipio de San Blas, Nayarit se identificaron
16 paisajes geomorfolégicos, distribuidos en cinco grandes
paisajes y dos ambientes geomorfolégicos (Tabla 1).

El municipio de San Blas, Nayarit, presenta dos tipos
de clima (AW, y AW,) ambos calidos subhumedos, se
encuentran presentes rocas de origen ignea basaltica de
color oscuro en el eje neovolcanico; en la llanura costera 'y
deltaica son acumulaciones de sedimentos principalmente
arenas y limos que se estado depositando a lo largo
del tiempo, esos depdsitos deltaicos han progradado la
antigua linea de costa hasta formar la actual plataforma
continental externa (Curray & Moore, 1964), en la
Tabla 2 se presenta la distribucion de estas cualidades,
vegetacion presente y GRS.

A continuacion, se describen cada uno de los paisajes
geomorfoedafoldgicos, la posicion e identificacion de los
perfiles de suelo descritos en el estudio (Figura 2). En la Tabla
3 se muestran los calificativos primarios y suplementarios
para la identificacion de la edafologia de los paisajes.

Suelos del ambiente geomorfolégico del Delta
del rio Grande de Santiago

Este ecosistema se localiza en el extremo sur de
la Llanura Costera del Pacifico, presenta tres grandes
paisajes, la llanura deltaica formada por sedimentos del
rio Santiago, la llanura de cordones litorales originada
durante la etapa regresiva del mary, la llanura salina con
lagunas costeras, influenciada por la intrusién de agua
marina al continente.
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Table 1.

Geomorphic-edaphological legend of the municipality of San Blas, Nayarit.

Tabla 1.

Leyenda geomorfo-edafolégica del municipio de San Blas, Nayarit.

Geostructure

Geomorphological
environment

Landscape geomorphological

RSG

Pacific Coastal Plain

Coastal plains

A.- Beach and coastal dunes

Arenosols Sodic

B.- Littoral cords or beach ridge

Arenosols Eutric

C.- Ordinary tidal inundation plain
with coastal estuary and lakes

Solonchaks Subacuatic, Sodic,
Fluvic, Arenic, Humic

D.- Extraordinary tidal inundation
plain

Solonchaks Thidalic, Fluvic,
Chromic, Arenic

E.- Seasonal tidal inundation plain

Arenosols Sodic y Fluvisols ,
Sodic, Arenic

Deltaic coastal plain

F.- Low plain with fluvial-marine
influence

Fluvisols Eutric; Fluvisols Sodic,
Chromic, Ochric y Cambisols
Eutric, Chromic, Arenic

NC, AreT

G.- Medium alluvial plain of overflow|

Cambisols Eutric; Phaeozems
Luvic, Siltic; Fluvisols
Endoskeletic, Eutric, Arenic y
Fluvisols Sodic, Ochric.

H.- High alluvial plain

Luvisols Haplic, Siltic

I.- Flooding riverbed terraces

Fluvisols Sodic, Siltic

Neowolcanic axis
Neowolcanic

Nayaritas neowolcanic
saws

J.- Structures with isolated
elevations

Phaeozems Luvic

K.- Surface of conglomerates and
series of ridges

Cambisols Eutric; Regosols
Skeletic, Colluvic, Eutric, Arenic;
Phaeozems Siltic, Arenic y
Phaeozems Luvic Chromic.

L.- Intra-mountainous valley in
basic rocks landscape

Cambisols Rhodic, Eutric, Clayic,
Humic, Colluvic

M- Series of ridges of basic rocks

Luvisols Haplic, Arenic; Luvisols
Rhodic y Luvisols Chromic, Siltic;
Cambisols Fluvic, Distric, Arenic

N.- Basalt lava flows of different
height

Acrisols Chromic, Siltic; Luvisols
Chromic, Siltic clayic, Humic;
Luvisols Chromic, Clayic; Luvisols
Gleyic, Chromic, Clayic, Humic
Colluvic y Phaeozems Luvic.

O- Basalt lava flow with cineritic
cones

Phaeozems Skeletic, Colluvic y
Cambisols Skeletic, Eutric,
Colluvic

P.- Volcanic structure of basic
rocks

Phaeozems Skeletic; Acrisols
Rhodic, Humic; Acrisols Rhodic,
Clayic y Acrisols Abruptic,
Chromic, Humic, Clayic.

Table 2.

General characteristics of geomorphological environments.

Tabla 2.

Caracteristicas generales del entorno geomorfolégico.

Geomorphological
N P 9 Climatology Rock of origin Vegetation RSG
environment
Psamdfila Vegetation
Mangrove forest
. AW1 Ac(I:umulatlon of Hydrophilic halophilous vegetation Arenosols y
Coastal plains sediments (sand) Solonchaks
Low spiny deciduous forest
Accumulation of Gallery vegetation Fluvisols, Cambisols,
Deltaic coastal plain AW1, AW2 sediments (sand i . Phaeozems y
and silt) Low spiny deciduous forest Luvisols
Low spiny deciduous forest Phaeozems,
. . : Cambisols
Nayaritas neovolcanic saw s AW2 neous basaltic i ifolia j ’
y lg Medium subcaducifolia jungle Regosols, Luvisols y
Mesophyll forest of Montain Acrisols
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Figure 2. Geomorfoedaphological landscapes and soil distribution regularities in the municipality of San Blas, Nayarit.
Figura 2. Paisajes geomorfoedafolégicos y regularidades de distribucion de suelos en el municipio San Blas, Nayarit.

Great landscape: Littoral ridges Plain. Two
geomorphoedaphological landscapes were identified in this

ecosystem.

A-Beach and coastal dunes. Found at the limits between
sea and continent, these were mounds of sandy
sediments accumulation transported by the sea and
winds, with a 10-20 % slope, presented a development
of Arenosols Sodic (id of the profiles: SBN13 and
SBN14), with pH from neutral to highly alkaline and very
low OM content.

B- Littoral cords or beach ridges. Were elevated residual
materials deposited in the form of beach ridges, which
were dragged and deposited by the sea and Santiago
river; in this landscape, soils of the Arenosols Eutric
type were found (id of the profiles: SBN15 and SBN16),
slightly saline, with pH from neutral to moderately acid
and very low to medium OM content.

Great landscape: Saline coastal plain with coastal
lakes. This ecosystem presented a direct intrusion of
seawater by means of tidal movement through tidal

Gran paisaje: Llanura de cordones litorales. En
este ecosistema se identificaron dos paisajes
geomorfoedafologicos.

A- Playa y dunas costeras. Se encuentran en los limites
del mar y el continente, son monticulos de acumulacién
de sedimentos de arena transportados por el mar y los
vientos, con pendiente de 10-20 %, presentan desarrollo de
Arenosoles sddicos (id del perfil: SBN13 y SBN14), con pH
neutro a fuertemente alcalino y muy bajo contenido de OM.

B- Cordones litorales o barras costeras. Son materiales
residuales elevadas que se depositan en forma de barras,
estos son arrastrados y depositados por el mar y el rio
Santiago; en este paisaje se encuentran suelos del tipo
Arenosol éutrico (id del perfil: SBN15y SBN16), ligeramente
salino, con pH de neutro a moderadamente acido y muy
bajo contenido de OM a medio.

Gran paisaje: Llanura costera salina con lagunas costeras.
Este ecosistema presenta intrusién directa del agua de mar
por medio del movimiento de las mareas; por un lado, a
través de bocas y canales de marea, también interviene
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mouths and channels; as well, seasonality of rainfalls
provoked a mixture and increase in inundation zones
that introduced salinity in these, which were generally
the lowest parts of the land. Three geomorphological
landscapes were identified.

C- Ordinary tidal inundation plain with coastal estuary
and lakes. In this landscape, the saline intrusion
occurred toward the continent through tidal mouths and
channels or estuaries. Daily tidal inundation reached
a part of the alluvial plain and littoral ridges of lower
altitude, in some sectors, made lakes with this regime
of daily inundations and development of mangrove
vegetation. In this landscape, Solonchaks Subacuatic,
Sodic, Fluvic, Arenic, Humic were identified (profiles
SBN11 and SBN20).

D- Extraordinary tidal inundation plain. Corresponded
to a portion of the plain with inundation of high tides
during the period from April to June, coinciding with
the period of higher heat and evaporation. In this
landscape, salts come to the surface and were shown
as whitish spots on the surface of the soil. Solonchaks
Thidalic, Fluvic, Chromic and Arenic profiles were
identified (profile SBNO3).

E- Seasonal tidal inundation plain. Once the rain
season in the region established, from June to October,
precipitation and river runoffs contributed to tides, by
inundating a wider sector of the plain with brackish
water. In this landscape, two Reference Soil Groups
were identified: Arenosols Sodic (SBN04) and Fluvisols
Subaquatic, Sodic, Arenic (profiles SBN12 and SBN17).

Great landscape: Delta plain of Santiago river. Plain
integrated by alluvium of Santiago river which originates
in Ocotlan in Chapala lake, as well as by small streams
which drained directly to the sea (El Palillo and El Solito).
It has to be pointed out that Santiago river currently
presents a side network of protection for avenues in the
lower part of the basin and a system of great dams in
waterfall in the higher part (El Aguamilpa, El Cajon, La
Yesca and Santa Rosa), that restrain the major part of
the sediments. Four geomorphological landscapes were
identified in this region.

F- Low plain with fluvial-marine influence. It made a
large extension of flatland with sectors where the saline
wedge of marshland or saline phreatic water influenced

la estacionalidad del temporal de lluvias, provocando
una mezcla he incremento de zonas de inundacion que
introducen la salinidad en estas, que son por lo general
las partes mas bajas del territorio. Se identificaron tres
paisajes geomorfoedafologicos.

C- Llanura de inundacién mareal ordinaria con esteros
y lagunas costeras. En este paisaje ocurre la intrusion
salina hacia el continente a través de bocas y canales
de marea o esteros. La inundacién mareal diaria alcanza
una parte de la llanura aluvial y los cordones litorales
de menor altitud, en algunos sectores forma lagunas
con este régimen de inundacion diario y desarrollo de
vegetacion de manglar. En este paisaje de identificé un
Solonchak subacuatico, sédico, fluvico, arénico, humico
(perfiles SBN11 y SBN20).

D- Llanura de inundacion mareal extraordinaria.
Corresponde a una porcién de la llanura con inundacion
de mareas altas durante el periodo de abril a junio, que
coincide con la época de mayor calor y evaporacion.
En este paisaje las sales afloran y se muestran como
manchas blanquecinas sobre la superficie del suelo. Se
identificé un Solonchak tidalico, fluvico, cromico, arénico
(perfiles SBNO3).

E- Llanura de inundacién mareal y estacional. Una vez
establecido el temporal de lluvias en la region, de junio a
octubre, la precipitacién y los escurrimientos de los rios
contribuyen con las mareas inundando un sector mas
amplio de la llanura con agua salobre. En este paisaje
se identificaron dos grupos referenciales de suelos, un
Arenosol sédico (SBN04) y un Fluvisol subacuatico, sédico,
éutrico (perfiles SBN12 y SBN17).

Gran paisaje: Llanura deltaica del rio Santiago. Llanura
integrada por aluviones del rio Santiago que tiene su origen
en Ocotlan en el lago de Chapala, asimismo por pequefios
arroyos que drenan directo al mar (El Palillo y Vena él Solito).
Sefalar que actualmente el rio Santiago presenta una red
de bordos de proteccidon de avenidas en la parte baja de
la cuenca y, un sistema de grandes presas en cascada en
la parte de alta (El Aguamilpa, Cajén, La Yesca y Santa
Rosa), que retienen gran parte de los sedimentos. En esta
region se identificaron cuatro paisajes geomorfoldgicos.

F- Llanura baja con influencia fluviomarina. Forma una
gran extensién de tierra plana con sectores donde tiene
influencia la cufia salina de las marismas o por agua freatica
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landscape. In this geoform, there were Fluvisols with
salinity and without salinity and Cambisols. Four
Fluvisols were identified, two of them Sodic, Cromic,
Ocric (profiles SBN22 and SBN23), moderately saline
to saline, and no saline in the others two. The pH was
mainly moderately alkaline and OM content was medium
in the higher part and low in the lower part of the profiles.
Cambisols Eutric, Cromic and Arenic (profile SBN02)
were registered in turn with a moderately acid pH, without
presence of salts and low OM content.

G- Medium alluvial plain of overflow. These were plains
of inundation in possibly covered by riverbeds; diverse
Reference Soil Groups were found, such as Fluvisols,
Cambisols and Phaeozems. Fluvisols Endoskeletic,
Eutric, Arenic were neutral, without salts and medium
OM content, presented small rock fragments in
their inside (profile SBNO08), Fluvisols Sodic, Ochric
(profile SBNO1) without salts with a pH from neutral to
moderately alkaline and low OM content. A Cambisols
Eutric was registered as well with characteristics without
salts and a moderately acid pH (profile 21641) and a
Phaeozems Luvic Siltic in zones which still conserved
natural vegetation of tropical forest.

H- High alluvial plain. They constituted the most ancient
and the highest part of the sediments deposited in
Santiago river Delta, with more time for clayish mineral
formation. In this landscape, a Luvisols Haplic, Siltic
(profile  SBN27) soil was classified, without salts,
moderately acid and medium OM content.

I- Flooding riverbed terraces. These were terraces of
fresh alluvium located close to the current flooding
riverbed. Terraces were made by sediments when
the flow of Santiago river were not regulated yet.
Reference Soil Groups found in this landscape were
Fluvisols Sodic, Siltic (profiles SBN24, 25 and 26), they
were deep soil with frank texture, without salts, with
sodium accumulation, pH oscillating in ranges between
moderately acid to moderately alkaline as established by
the Official Mexican Standard NOM-021, with medium
OM accumulation in the higher part of the profile and low
OM content in the rest of the horizons.

Soils of the geomorphological environment of
Nayarit Neovolcanic Belts

This ecosystem of Nayarit volcanic belts makes
part of the northwestern extreme of the Neovolcanic

salina. En esta geoforma hay Fluvisoles con salinidad y sin
salinidad, y Cambisoles. Se identificaron cuatro Fluvisoles,
dos de ellos Fluvisol soédico, crémico, ocrico (perfiles
SBN22 y SBN23), con suelo moderadamente salino a
salino, y no salino en los otros dos. El pH en su mayoria
es moderadamente alcalino y el contenido de OM es medio
en la parte superior y bajo en la inferior de los perfiles. A su
vez se registré un Cambisol éutrico, cromico, arénico (perfil
SBNO02) con un pH moderadamente acido, sin presencia de
sales y bajo contenido de OM.

G- Llanura aluvial media de desborde. Son llanuras de
inundacion en forma eventual bafiada por los cauces de
los rios; se encuentran diversos Grupos Referenciales
de Suelo como son Fluvisoles y Cambisoles, un Fluvisol
endoesquéletico, éutrico, arénico, neutro, sin sales y
contenido de materia organica media, es el unico perfil que
tiene presencia de piedras en su interior (perfil SBN08), le
siguen los Fluvisoles sédicos representados por el perfil
SBNO1, los cuales se clasifica como Fluvisol sédico,
ocrico, sin sales con un pH de neutro a moderadamente
alcalino y bajo contenido de OM. Se registré también un
Cambisol éutrico, cromico con caracteristicas sin sales,
pH moderadamente acido (perfil 21641).

H- Llanura aluvial alta. Constituyen la parte mas antigua
y alta de los sedimentos depositados en el delta del rio
Santiago, con mas tiempo para la formacion de minerales
arcillosos. En este paisaje se clasificé un suelo Luvisol
haplico, siltico (perfil SBN27), sin sales, moderadamente
acido y contenido de OM medio.

|- Terrazas de lecho de rio inundables. Son terrazas
de aluviones frescos localizadas préoximo al lecho del
rio de inundacién actual. Las terrazas se formaron por
sedimentos cuando el caudal del rio Santiago aun no
estaba regulado. En este paisaje se encuentran Grupos
Referenciales de Suelos Fluvisoles sédicos (perfiles
SBN24, 25 y 26), son suelos profundos de textura franca,
sin sales, con acumulacién de sodio, oscilan en los rangos
de moderadamente acido a moderadamente alcalino
como lo establece la Norma Oficial Mexicana NOM-021,
con acumulacién de OM medio en la parte superior del
perfil y contenido bajo en el resto de los horizontes.

Suelos del ambiente geomorfolégico del Eje
Neovolcanico Nayarita.

Este ecosistema de sierras volcanicas nayaritas
forma parte del extremo noroccidental del Eje Neovolcanico
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Axis of Mexico, in the municipality of San Blas, Nayarit,
and presented a great landscape, mountains with
steep hillsides.

Great landscape: Volcanic mountains with steep
hillsides. It presented mountainous landscapes with
soils derived from basaltic rocks, mostly black and
reddish, composed by young soils in primary process of
formation of very thin soils with scarce clay (sialitization
process) even very developed soils in formation of clay
(Acrisoles). Seven geomorphological landscapes were
identified, in this group, clay formation in soils was
higher than in the rest of the land, it presented high
to very high OM contents, without salts and with acid
pH due to the high alteration of parent rock and its low
saturation of bases.

J- Structures with isolated elevations. In this landscape,
Phaeozems Luvic (profile SBN30) was distributed,
presenting soils with frank texture, without presence of
salts, moderately acid, with higher clay contentin horizon
B relative to A; and with very high OM content, dark and
well defined granular structure. The formation of this
soil occurred under the influence of OM contribution
in conditions of medium sub-deciduous forests, with
Phaeozems Luvic soil unit, indicating a certain instability
in soil formation and an horizon B Argic is starting to set
up, corresponding to Luvic qualifier.

K- Conglomerate and lomerios surfaces. In this
landscape, fragments of rocks of the conglomerates
took part in soil formation and in addition, it is a type
of relief with low stability in time to make evolved
soils. Regosols, Cambisols and Phaeozems were
identified. SBN09 profile was classified as Regosols
Skeletic, Colluvic, Eutric, Arenic, very slightly saline,
with moderately acid soils and with medium category in
OM accumulation; SBN10 profile, as Phaeozems Luvic
Chromic, without salts, neutral pH and with high OM
content; finally 21663 profile as Cambisols Eutric.

L- Intra-mountainous valley in basic rocks landscape. It
is a depression that made a plain inside a mountainous
landscape, through the deposit of sediments aggregated
by gravity. In this geoform, Cambisols Rhodic, Eutric,
Clayic, Humic, Colluvic (profile SBN30) were identified,
without salts, moderately acid, poor in saturation of
bases and medium OM content. In this landscape, with
presence of some intra-mountainous valleys, made

de México, en el municipio de San Blas Nayarit presenta un
gran paisaje, la sierra de laderas escarpadas.

Gran paisaje: Sierra volcanica de laderas escarpadas.
Presenta paisajes montafiosos con suelos derivados de roca
basaltica, en su mayoria de color negro y rojizo, compuestos
por suelos jévenes en proceso primario de formacién de suelos
muy delgados y con escasa arcilla (proceso sialitizacion) hasta
suelos muy desarrollados en formacion de arcilla (Acrisoles).
Se identificaron siete paisajes geomorfoldgicos, en este grupo
la formacién de arcilla en los suelos es mayor que en el resto
del territorio, presentan contenidos de OM altos a muy altos,
sin sales y de pH acido debido a la fuerte alteracién de la roca
madre y su baja saturacion de bases.

J- Estructuras con elevaciones aisladas. En este paisaje se
distribuyen los Feozem luvico, franco (perfil SBN30), suelos
sin presencia de sales, moderadamente acidos, con mayor
contenido en arcilla en el horizonte B con relacién al A; y
con muy alto contenido de OM, de color oscuro y estructura
granular bien definida. La formacién de este suelo ocurre
bajo la influencia del aporte de OM en las condiciones de
selva media subcaducifolia, con la unidad de suelo Feozem
ldvico, que indica que hay cierta estabilidad en la formacién
del suelo y ya comienza a formarse un horizonte B argico,
lo que corresponde con el calificativo luvico.

K- Superficie de conglomerados y lomerios. En este paisaje
en la formacién del suelo intervienen los fragmentos de
roca de los conglomerados y ademas es un tipo de relieve
de poca estabilidad en el tiempo para formar suelos
evolucionados. Se identificaron Regosoles, Cambisoles
y Feozems. El perfil SBNO9 se clasific6 como Regosol
esquelético, coluvico, éutrico, arénico, muy ligeramente
salino, con suelos moderadamente acidos y con categoria
media en acumulacién de materia organica; el perfil SBN10,
como Feozem siltico, arénico, sin sales, de pH neutro y
con alto contenido de materia organica, por ultimo, el perfil
21663 como un Cambisol éutrico.

L- Valle intramontano en paisaje de rocas basicas. Es
una depresién que forma una llanura dentro de un paisaje
montafoso, a través del depdsito de sedimentos agregados
por gravedad. En esta geoforma se clasificé un Cambisol
rédico, éutrico, arcilloso, humico, coltvico (perfil SBN30)
que representa la mayor porcién de la cobertura edafica,
sin sales, moderadamente acido, pobre en saturacion de
bases y contenido medio en OM. En este paisaje, con
presencia de algunos valles intramontanos formados
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of basic rocks, a certain stability in soil formation is
expected. Therefore Cambisols Rhodic were present,
which are soils that in some classifications were named
as fersialitic, since there is accumulation of free iron by a
more advanced weathering, leading to the formation of a
red to brown-reddish horizon B (Hernandez et al., 2015).
As these are low reliefs, there are transport materials
in the profile (colluvios) and OM was accumulated in
pasture conditions.

M- Low mountains of basic rocks. It was constituted
by mounds with smooth slop of volcanic origin. Main
RSG is Luvisols Chromic, which is found in small hills
(mounds), above all in the higher and more stable part
of the relief. It is representative of this geoform because
in current climatic conditions, the weathering leads
to the formation of a profile type ABC, but with clay
leachates (Argic horizon), brown-reddish for the quantity
of free iron released from its formation on rocks with
basic composition. Three soil profiles were reported:
SBN32 profile as Luvisols Haplic, Arenic; Aticama1
profile (Luvisols Rhodic) and Aticama2 profile (Luvisols
Chromic, Siltic), classified as Luvisols, presented a frank
texture, without salts, with moderately acid pH and high
to medium OM content in the first horizons. Moreover,
Las Palmas profile was classified as Luvisols Chromic,
soils with a texture a little more clayish were found,
without presence of salts, moderately acid and with very
high to medium OM content. As well, other soils were
found at minor scale as Cambisols, Phaeozems and
Leptosols. For instance, SBN18 profile was classified
as Cambisols Fluvic, Distric, Arenic, without presence
of salts, moderately acid, poor in sum of changeable
bases and medium OM content.

N- Basalt lava flows of different height. These are
lava flows of dark igneous volcanic rocks, rich in iron
and magnesium. In this landscape, soils of Acrisols,
Phaezems, Luvisols, Regosols and Cambisols types
were found. However, in this landscape, the main
produced soils were Luvisols Chromic. Jalcocotan profile
was classified as Luvisols Chromic, frank clayish, humic
without salts, with moderately acid pH and a high OM
accumulation; these soils were deep with a high number
of horizons. Another profile described in Jolotemba was
classified as Luvisols Gleyic, Chromic, Clayic, Humic,
Colluvic, without presence of salts, with a dark color
and high OM accumulation. As well, the profile of INEGI
21671 was analyzed, classified as Luvisols Chromic,

de rocas basicas, es de esperar cierta estabilidad en la
formacion del suelo, por lo que se presentan Cambisoles
rédicos, que son suelos que en algunas clasificaciones se
ponen como Fersialiticos, ya que hay acumulacion de hierro
libre por un intemperismo mas avanzado que conlleva a la
formacién de un horizonte B rojo a pardo rojizo (Hernandez
et al., 2015). Como son relieves bajos muchas veces
hay materiales de transporte en el perfil (coluvios) y en
condiciones de pastizales se acumula la materia organica.

M- Lomerios de rocas basicas. Esta constituido por monticulos
con suave pendiente de origen volcanico. El RSG principal es
el Luvisol cromico, el cual se encuentra en pequefias lomas
(monticulos), sobre todo en la parte alta y estable del relieve.
Es representativo de esta geoforma porque en las condiciones
climaticas actuales, el intemperismo conlleva a la formacién
de un perfil de tipo ABC, pero con lixiviado de arcilla (horizonte
argico), de color pardo rojizo por la cantidad de hierro libre que
se libera a partir de su formacién sobre las rocas de composicion
basica. Se reportan tres perfiles de suelos Luvisoles crémicos.
El perfil SBN32 como Luvisol haplico, arénico, El perfil
Aticama1 (Luvisol rédico, franco) y el perfil Aticama2 (Luvisol
crémico, franco) clasificados como Luvisoles, son de textura
franca, sin sales, con pH moderadamente acido y contenido
de alto a medio de materia organica en los primeros horizontes.
Ademas, el perfil Las Palmas se clasifico como Luvisol crémico,
franco, aqui se encontraron suelos de textura un poco mas
arcillosa, sin presencia de sales, moderadamente acidos y de
muy alto a medio contenido de materia organica. Asimismo, se
encontraron otros suelos en menor escala como Cambisoles,
Feozems y Leptosoles. Por ejemplo, el perfil SBN18 se clasifico
como Cambisol livico, districo, arénico, sin presencia de sales,
moderadamente acido, pobre en suma de bases cambiables y
contenido medio en materia organica.

N- Coladas de lava de basalto de diferente altitud. Son coladas
de lava de rocas igneas volcanicas de color oscuro ricas en
hierro y magnesio. Dentro de este paisaje se encuentran suelos
de tipo Acrisoles, Feozem, Luvisoles, Regosoles y Cambisoles.
Sin embargo, en este paisaje los suelos principales que se
forman son los Luvisoles crémicos, los perfiles estudiados se
clasificaron de la forma siguiente: El perfil de Jalcocotan se
clasificd6 como un Luvisol crémico, franco arcilloso, himico
sin sales, con pH moderadamente acido y alta acumulacion
de materia organica; estos suelos son profundos con un gran
numero de horizontes. Otro perfil descrito en Jolotemba fue
clasificado como Luvisol gléyico, crémico, arcilloso, himico,
coluvico sin presencia de sales, con un color oscuro y gran
acumulacién de materia organica. También se analizé el perfil
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Clayic (that results of fersialtic composition according
to Hernandez et al. (2006, 2015) that were cultivated
with mango plantation (Mangifera indica). In addition,
in stable reliefs where soil had a higher evolution,
Luvisols evolved to Acrisols, these occurred when
soils have obligatory a horizon Bt (Argic) of alluvial
clay accumulation, saturated in bases in Bt, with illite-
type clay, smectite and vermiculite, but as time passed
they get washed and became desaturated in bases
in horizon Bt, turning into kaolinite-type clays. For
example, there is SBNO06 profile, classified as RSG
Acrisol; Unit of Acrisols Chromic, Siltic, frank without
presence of salts, highly acid; it is a soil poor in sum
of bases and presenting medium OM content. As well,
Phaeozems Luvic (profile 21668) were present, where
natural vegetation was still maintained.

O- Basalt lava flow with cineritic cones. Flows normally
occurred from openings located throughout fractures
developed on the sides of cineritic cones, being the
accumulation of pyroclasts (solid fragments) expulsed
from volcano conduit around the crater; predominant
soils were Phaeozems and Cambisols, with fragments
of volcanic rocks (skeletal). SBN19 and 78049 profiles
were classified as Phaeozems Skeletic, Colluvic, both
without presence of salts, with neutral pH, poor in
bases and with high OM content. SBN21 profile was a
Cambisols Skeletic, Eutric, Colluvic, and did not present
salinity in all the profile, from neutral to moderately acid,
rich in bases in the first horizons and poor in Deep, with
low to medium OM content.

P- Volcanic structure of basic rocks. These are structures
of volcanic origin, made by basalt rocks, in this landscape,
Phaeozems Skeletic were identified represented by
SBNOQ7 profile, they did not present salts in their profile,
neutral pH, poor in changeable bases, with medium OM
accumulation. SBN34 and SBN35 profiles registered
in stable forms of the relief were classified as Acrisols
Rhodic, Humic, and SBNIBO1 profile was Acrisols
Abruptic, Chromic, Humic, Clayic; these are highly acid
soils with less than 50 % of saturation of bases, horizon
B Argic and less than 16 Cmol per 100 g in clay, and
with a high OM content in conditions of stable vegetation
without cultivation. It has to be pointed out that in this
landscape, stable conditions of relief were created, very
acid Acrisols soils, with horizon B Argic and degree of
saturation by bases less than 50 %. Similarly to other
parts of mountainous regions with warm climate, these

de INEGI 21671, clasificado como Luvisol crémico, arcilloso.
Hay una franja muy extendida, con exposicion oeste, de suelos
Luvisol cromico (que resulta de composicion fersialitica de
acuerdo a Hernandez et al. 2006 y 2015 que se encuentran
casi todas sembradas de mango (Mangifera indica). Ademas,
en relieves estables donde el suelo ha tenido una mayor
evolucién, el suelo Luvisol evoluciona a Acrisol, esto sucede
cuando los suelos obligatoriamente tienen un horizonte Bt
(argico) de acumulacion de arcilla aluvial, saturados en bases
en el Bt con arcillas de tipo ilita, esmectita y vermiculita, pero al
paso del tiempo se lavan y se vuelven desaturados en bases
en el horizonte Bt convirtiéndose en arcillas tipo caolinita.
Por ejemplo, tenemos el perfil SBNO6 clasificado como RSG
Acrisol; Unidad de Suelos Acrisol crémico, franco sin presencia
de sales, fuertemente acido; es un suelo pobre en suma de
bases y medio en contenido de materia organica. Pueden estar
presentes también Feozems como el perfil 21668 (Feozem
lavico, franco).

0O- Coladadelavade basalto con conos cineriticos. Las coladas
surgen normalmente de aberturas situadas a lo largo de
fracturas que se desarrollan en los lados de conos cineriticos,
estos son la acumulacion de piroclastos (fragmentos solidos)
expulsados del conducto del volcan alrededor del crater;
los suelos predominantes son Cambisoles y Feozems con
fragmentos de rocas volcanicas (esqueléticos). El perfil
SBN19 se clasific6 como Feozem esquelético, franco,
coluvico y el perfil 78049 como Feozem esquelético coluvico
ambos sin presencia de sales, de pH neutro, pobres en bases
y de alto contenido de OM. El perfil SBN21 es un Cambisol
esquelético, éutrico, franco, collvico, no presenta salinidad
en todo el perfil, de neutro a moderadamente acido, rico en
bases en los primeros horizontes y pobre en profundidad, con
% de OM de baja a media.

P- Estructura volcanica de rocas basicas. Son monticulos de
origen volcanico formados por roca de origen basaltico, en este
paisaje se encuentran Feozems esqueléticos representados
por el perfil SBNO7, no presentan sales en el perfil, de pH
neutro, pobre en bases cambiables, con media acumulacion
de materia organica. Los perfiles SBN34, SBN35, estudiados
en formas estables del relieve se clasifican como Acrisol
rédico, humico, y el perfil SBNIBO1 es Acrisol abruptico,
crémico, humico y arcilloso; son suelos fuertemente acidos
con menos de 50 % de saturacién por bases, horizonte B
argico y menos de 16 Cmol por 100 g en arcilla, y con un buen
contenido en materia organica en condiciones de vegetacion
estable sin cultivarse. Debe sefalarse que en este paisaje se
forman, en condiciones estables del relieve, suelos Acrisoles
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soils were created in stable parts of the relief, above all
on basic and intermediary rocks (mainly basalt). In these
conditions, soil formation is automorphic, generally in
washing conditions, therefore no salts were present in
none of the created soils.

Soil distribution patterns

Eight Reference Soil Groups were identified,
which were clustered into three soil distribution patterns
for their type and origin of relief and for their qualifiers.
The first one was constituted by soils affected in their
formation by seawater intrusion into the continent
(geomorphological landscapes A, B, C, D and E); the
second one by soils derived from fluvial affluence of Rio
Grande de Santiago (F, G, H and I) and; the third one
by soils formed in mountainous reliefs with automorphic
formation from basaltic rock (J, M, N, O, Q and P)
(Figure 2 and Table 3).

RSG of the first cluster were Arenosols, Solonchaks
and Fluvisols with high contents of sand, sodium and
subaquatic. They were related to sea transgressive
phase on the alluvial plain of Santiago river during
Holocene; as well, to the coastal regressive step with
formation of littoral ridges and lagoon-estuary system
(Curray et al., 1969). Arenosols and Solonchaks soils
in the study area coincided with those reported by
Bautista et al. (2015) and Zavala et al. (2016) in littoral
and marsh geomorphological environments, excepted
Histosols (Zavala et al., 2016), Regosols and Leptosols
(Bautista et al., 2015). In this region, the principal
determinants that defined these landscapes were
texture, salinity, inundation, slop, relief and groundwater
tables, coinciding with Zavala et al. (2016) where fluvial
inactivity and Surface water mantle were annexed.

The second pattern of distribution was constituted by
Fluvisols, Cambisols, Luvisols and Phaeozems with
qualifiers Siltic, Sodic and Ochric. They corresponded
to the different levels of the alluvial plain of Santiago
river formed during the late Pleistocene; Luvisols were
developed in the highest and most ancient part of the
plain, Cambisols in the medium part of the plain and
Fluvisols in the lowest part of the plain and on the river
edges. The formation of Phaeozems was maintained
in the sectors where natural vegetation of tropical
sub-deciduous forest was conserved. In this region,
there were no coincidences with those reported in the
homologue environment Pseudopalustre of Bautista

muy acidos, con horizonte B argico y grado de saturacién por
bases menor de 50 %. Estos, al igual que en oftras partes
de las regiones montafiosas con clima calido, se forman en
partes estables del relieve, sobre todo sobre rocas basicas e
intermedias (basalto principalmente). En estas condiciones
la formacion del suelo es automorfica, generalmente en
condiciones de lavado, por lo que no hay sales en ninguno de
los suelos que se forman.

Regularidades de distribucion de suelos

Se identificaron ocho Grupos Referenciales de
Suelos, que por el tipo y origen del relieve y los calificativos
se agruparon en tres regularidades de distribucion de suelos.
La primera, se integra por suelos afectados en su formacion
por la intrusion de agua de mar al continente (paisajes
geomorfolégicos A, B, C, D y E); la segunda, por suelos
derivados de la afluencia fluvial del Rio Grande de Santiago
(F, G, H e ) y; la tercera, los suelos formados en relieves
montafosos con formacién automoérfica a partir de roca de
origen basalticas (J, M, N, O, Q, P) (Figura 2 y Tabla 3).

Los RSG del primer agrupamiento son Arenosoles,
Solonchaks y Fluvisoles con altos contenidos de arena,
sodicos, subacuaticos. Estan relacionados con la fase
transgresiva del mar sobre la llanura aluvial del rio Santiago
durante el Holoceno; asimismo, con la etapa regresiva de
la costa con formacién de cordones litorales y el sistema
lagunar estuarino (Curray et al, 1969). Los suelos
Arenosoles y Solonchak en el area de estudio concuerdan
con los reportados por Bautista et al. (2015) y Zavala et
al. (2016) en los ambientes geomorfolégicos de litorales
y Palustre, a excepcion de los Histosoles, (Zavala et al.,
2016), Regosoles y Leptosoles (Bautista et al., 2015). En
esta regularidad las principales condicionantes que definen
a estos paisajes son la textura, salinidad, inundacion,
pendiente, relieve y manto freatico, lo que concuerda con
Zavala et al. (2016) donde anexa la inactividad fluvial y el
manto freatico superficial.

La segunda regularidad se integra por Fluvisoles,
Cambisoles, Luvisoles y Feozems con calificativos
siltico, sodico y 6crico. Corresponden a los diferentes
niveles de la llanura aluvial del rio Santiago formada
en el Pleistoceno tardio; en la parte alta y mas antigua
de la llanura se desarrollan los Luvisoles, en la llanura
media los Cambisoles y en la parte baja y a orillas del
rio, los Fluvisoles. En los sectores donde aun conservan
vegetacion natural de bosque tropical subcaducifolio se
mantiene la formacién de Feozems. En esta regularidad
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Table 3.
Relation of soil geomorphological landscapes and soil qualifiers,
according to the World Reference Base for Soil Resources (2015).

Tabla 3.
Relacién de los paisajes geomorfolégicos y calificativos de los suelos,
segun la Base de Referencia Mundial del Recurso (2015).

Landscape

Primary qualifier (X)

geomorphologi

cal Abruptic Chromic Endoskeletic Skeletic Eutric Fluvic Gleyic Haplic Luvic (Iv) Rhodi Siltic( Sodic
(ap) (cr) (skn) (sk) (eu) (fv) (g)) (ha) c(ro) sl) (so)
A X
B X
(o] o X o o X
D o| X X o
E o o X
F o| X X OfX Oo|X (o] X
G (o] X X X o o X X
H X X
1 o X X
J o X
K o| X X X X X
L o o X o X
M o X o O (X X X
N X O o o X O X
o X X O
P X X O o X o X
Supplementa Arenic Arcillic . . . Histic Humic Ochric Subaquati
ql::;lifier (o)ry (an (ce) Colluvic (co) Distric (di) Franc (hi) (hu) (oc) c (:q)

et al. (2015) in the state of Yucatan, since RSG they
established were Vertisols, Leptosols and Stagnosols;
while the Karstic environment coincided in the presence
of soils of type Cambisols and Luvisols; in fluvial plains
with Zavala et al. (2016) where Fluvisols and Cambisols
were described.

The third distribution pattern of RSG was Regosols,
Cambisols, Luvisols, Acrisols and Phaeozems with
Cromic, Skeletic, Eutric, Luvic and Rhodic, Clayic,
Colluvic and Humic qualifiers. Similarly to RSG
presented by Zavala et al. (2016) where Alisols, Acrisols
and Luvisols prevailed; on the other hand, it coincided
with Bautista et al. (2015) in the description of these
geoforms (Tecto-Karstic) of lomerios with different
height, slop and volcanic origin, soils described by
these authors were Leptosols, Vertisols, Luvisols
and Cambisols; it was in agreement with the fact that
they were the most ancient soils with the highest clay
accumulation, humidified and with volcanic origin.
Topography of Plio-Quaternary (Demant et al., 1976) and
Eocene (Bautista et al., 2015) volcanic buildings defined
soils distribution from minor to major development of

no se encontraron coincidencias con las reportadas en el
ambiente homdlogo Pseudopalustre de Bautista et al. (2015)
en el estado de Yucatan, ya que los RSG que establecen son
Vertisoles, Leptosoles y Stagnosoles, en el ambiente Karstico
coincide en la presencia de suelos de tipo Cambisol y Luvisol;
en las planicies fluviales con Zavala et al. (2016) donde se
describen los Fluvisoles y Cambisoles.

El tercer agrupamiento de RSG son Regosoles, Cambisoles,
Luvisoles, Acrisoles y Feozems con calificativos crémico,
esquelético, éutrico, luvico y rédico, arcilloso, coluvico, franco
y humico. Semejante a los RSG que presenta Zavala et al.
(2016) donde prevalecen los Alisoles, Acrisoles y Luvisoles; por
otra parte, coincide con Bautista et al. (2015) en la descripcién
de estas geoformas (Tecto-Karstico) de lomerios de diferente
altitud, pendiente y de origen volcanico, los suelos que ellos
describen son Leptosoles, Vertisoles, Luvisoles y Cambisoles;
se concuerda en que son suelos de mayor antigiiedad y mayor
acumulacion de arcilla, humificados y de origen volcanico.
La topografia de los edificios volcanicos del Plio-Cuaternario
(Demant et al., 1976) y el Eoceno (Bautista et al., 2015), definen
la distribucién de los suelos de menor a mayor desarrollo del
horizonte argico, Zavala et al. (2016) agrega calificativos
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Argic horizon, Zavala et al. (2016) added Cutanic and
Clayic qualifiers. In other cases, the permanence of
natural vegetation conserved in the soil a highly humidified
horizon with presence of Phaeozems. In the municipality of
San Blas, dominant soils in the mountainous region were
Luvisols and Cambisols, similarly to those described in
Tabasco (Zavala et al., 2016).

The obtained results set the basis for demonstrating
that soil formation in a determined region was due to
the interaction of factors that take part in its formation,
showing different forms in its distribution, which is
the principal essence of Soil Geography, according to
Dobrovolsky (2006). According to Puchulu & Fernandez
(2014), soils presented a high spatial variability as a
consequence of the interaction of factors that conditioned
the place and it was reflected in its development and
composition; which in turn is expressed as a distribution
pattern. Jauregui et al. (2018) agreed with these criteria
as well, who mentioned that the soil is a natural entity
presenting a structure and characteristics continuously
varying in space and time, giving a high diversity of soils
as aresult.

In addition, it has to be considered that several authors
demonstrated the importance of soil analysis by means
of geomorphological landscapes in the agricultural use,
which were translated to soil limiting factors (Sanchez
et al., 2013, Solis et al., 2014; Zavala et al., 2016).
These analyses showed the potential for different uses,
such as agroforestry, aquaculture, conservation and
urbanistic; which in turn contribute to the expression
of factors restricting the capacity of general use of
landscapes (Zavala et al., 2016).

Geomorphological landscapes described in this study
for the municipality of San Blas were similar to the
landscapes reported by Bojorquez & Lopez (1997) in
the municipality of Tuxpan, Nayarit; and to landscapes
established by Zavala et al. (2016), excepted karstic
terraces in the state of Tabasco; to the landscapes
established in the northern plain of the state of Nayarit
by Bojorquez et al. (2006) and Gonzalez et al. (2009);
to the physiographic provinces in the study performed
by Puchulu & Fernandez (2014), inside of the province
of Tucuman, Argentina, however, in this last study,
soils were developed in unalike conditions, making
soil classification completely different and presenting
no coincidence among them. Murray et al. (2012), in

cutanico y arcillico. En otros casos, la permanencia de
la vegetacion natural conserva en el suelo un horizonte
altamente humificado con presencia de los Feozems. En el
municipio de San Blas los suelos dominantes en la region
montafiosa son los Luvisoles y Cambisoles al igual que los
descritos en Tabasco (Zavala et al., 2016).

Los resultados obtenidos sientan las bases para demostrar
que la formacién de los suelos en una region determinada
se debe a la interaccion de los factores que intervienen en
su formacion, mostrando diferentes formas de distribucion
de los suelos, lo cual de acuerdo a Dobrovolsky (2006) es la
esencia principal de la Geografia de los Suelos. De acuerdo
con Puchulu & Fernandez (2014), los suelos presentan
una gran variabilidad espacial como consecuencia de
la interaccion de los factores que condicionan el lugar y
se refleja en el desarrollo y composicion de los suelos;
que a su vez se manifiesta como una regularidad en su
distribucion. También con estos criterios coinciden Jauregui
et al. (2018), quienes mencionan que el suelo es un ente
natural que presenta una estructura y caracteristicas que
varian de modo continuo en el espacio y tiempo, dando
como resultado una gran diversidad de suelos.

Hay que tener en cuenta, ademas, que varios autores
demuestran la importancia que tiene el analisis de suelo por
paisaje geomorfoldgico en el uso agricola, mismos que se
traducen a limitantes del suelo (Sanchez et al., 2013, Solis et
al., 2014; Zavala et al., 2016). Estos analisis también muestran
el potencial para diferentes usos como los agroforestales,
acuicolas, de conservacion y urbanos; a su vez contribuyen
a la expresion de factores que restringen la capacidad de uso
general de los paisajes (Zavala et al., 2016).

Los grandes paisajes geomorfoldgicos descritos en este
trabajo para el municipio de San Blas, son similares a
los paisajes reportados por Bojérquez & Lopez (1997) en
el municipio de Tuxpan; a los paisajes establecidos por
Zavala et al. (2016), excepto las Terrazas karsticas en el
estado de Tabasco; a los paisajes establecidos en la llanura
norte del estado de Nayarit por Bojérquez et al. (2006) y
Gonzalez et al. (2009); a las provincias fisiograficas en
el estudio realizado por Puchulu & Fernandez (2014),
dentro de la provincia de Tucuman, Argentina, sin
embargo, en este Ultimo estudio los suelos se desarrollan
en condiciones disimiles, esto hace que la clasificacion
de suelos sea completamente diferente y no presentan
ninguna coincidencia entre ellos. Murray et al. (2012), en
su area de analisis presentan una division general de los
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their area of analysis, presented a general division
of landscapes, but the same decision criteria were
taken as in the present study for geomorphological
environments, 1- Saline coastal plain with coastal lakes
and 2- Delta coastal plain. Many of the present results
confirmed and reinforced what was reported by Bojérquez
et al. (2006, 2007 and 2008), since it represents the base
for delimiting landscapes which were integrated in the great
landscapes previously mentioned.

Conclusion

In the municipality of San Blas, there is a
marked differentiation of Reference Soil Groups, due
to the differences in geomorphological landscapes,
climates, vegetation and time factor. Three groups of
geomorphological landscapes can be established, the
first one with formation of soils affected by seawater
intrusion, the second one by the influence of river
sediments in three levels of plains and the third one in
mountainous regions related to different geoforms. lIts
heterogeneity shows eight Reference Soil Groups, from
Solonchaks (soils relatively recent from Holocene) to
very acid and evolved soils as Acrisols are; though an
extension of Luvisols Chromic was found in the western
hillside, most of the time with plantations of diverse
species of fruit trees.
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