2.1 Traditional Soil Knowledge in Mexico
Traditional folk soil knowledge has a long history in
Mexico. Archeological research showed that Pre-Hispanic
cultures such as the Aztec, Purepechas, Otomies, and Maya
civilizations had a developed system of soil classification.
Tovar (1986) reported that the cultures in the southeast of
the Republic, such as the Olmec and the Maya, had
developed practices of fertilization, irrigation, and drainage
systems, including a soil classification, which to date are
still being used. The Toltecs and Aztecs had a whole
nomenclature to describe the physical and chemical char-
acteristics of soils. Other cultures, such as the Zapotec in
Oaxaca and Acolhua in Texcoco, used soil conservation
practices through the construction of terraces, and the
remains are still possible to see at Monte Alban and the
Cerro de Tezcutzingo, respectively. Acolman people,
Chalco and Xochimilco, among others, developed the sys-
tems of irrigation through the construction and use of arti-
ficial islands made of lacustrine mud—chinampas (Laird
1989).

The best documented soil and land classification systems
that existed and are still partly preserved among indigenous
population of the country have been developed by the
Aztecs and Mayas. In the Aztec culture, it was common to
show in a single document both land ownership relations
and soil productivity and properties. Codices of Santa Maria
Asuncién and the Vergara have been studied thoroughly by
Barbara J. Williams since the early 1970s to date (Williams
and Jorge y Jorge 2008). These codices showed the plots of
the family leaders, and each plot had in its central part a
glyph indicating the type of soil; around 132 glyphs were
used, built from 14 graphemes, including elements such as
stone, points, backpack, thorn hill, eyes, teeth, manure,
maiz, water, and so on (Williams 1976) (Fig. 2.1). The
Maya civilization left an extensive land classification based
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on landscape position and soil properties (Bautista-Zufiiga
and Zinc 2010).

Fortunately, the indigenous soil knowledge is relatively
well-preserved in Mexico (Ortiz-Solorio et al. 1999), and
the country is the world leader in ethnopedological research
(Barrera-Bassols and Zink 2000). The very term “ethn-
opedology” was introduced into the scientific literature in a
seminal paper from Mexico (Williams and Ortiz-Solorio
1981). In North America, most folk taxonomic research
appear in Mexico, which take the first place in ethnoped-
ological studies in the world. More than 70 publications on
folk soil classifications and management practices were
published on Mexican material, apart from numerous theses
of students of various levels. The abundance of ethnoped-
ological research in Mexico is due to high ethnic and lin-
guistic  diversity, relatively well-preserved system of
ownership and management practices from pre-Hispanic
epoch, and to the existence of several research groups of
specialists working in ethnopedology in this country.

The local soil knowledge is studied in Mexico not only
as a cultural heritage, but also as an important source of
pedological information that may be used for compliment-
ing scientific soil surveys (Williams and Ortiz-Solorio 1981;
Ortiz-Solorio et al. 2001; Krasilnikov and Tabor 2003).
In more detail, these issues are discussed in the Chap.7 of
this book.

2.2  Early Soil Research

Several historical reviews on soil science in Mexico exist,
as those published by Laird (1989), Ortiz-Solorio (1993),
and Nufnez-Escobar (2000). These reviews were based
mainly on the books “Biografias de Agronémos y Episodios
de la vida de la escuela nacional de agricultura” written
by Marte Rodolfo Goémez-Segura (1976a, b). Relevant
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Fig. 2.1 Graphical elements of the glyphs (a) and the composite
glyphs (b) used for soil denomination among Aztecs (glyphs
translation after Williams 1976)

information on the development and evolution of soil
studies in Mexico can be found in occasional publications in
the Agrociencia and Terra Latinoamericana journals and
proceedings of the meetings of the Mexican Society of Soil
Science. The historical research of the development of
pedology in Mexico was also done with a focus on soil
genesis (Gutiérrez-Castorena and Gémez-Diaz 2000) and
soil classification (Ortiz-Solorio and Gutiérrez-Castorena
2000). Recently, Palacios-Rangel and Leos-Rodriguez
(2011) published a review of the board of the Mexican
Society of Soil Science.

The scientific research in the area of agronomy and soil
science started its development in the late nineteenth century,
when the agronomists extended their interest to the study of
chemistry and the geology of soil substrates. One of those
was Andres Basurto-Larrainzar who gave the course of
agricultural chemistry and was the head of mineralogy sec-
tion. He wrote a treatise on agriculture that mentioned the
importance of physical, chemical, and biological properties
of soils, as well as their classification and fertility (Basurto-
Larrainzar 1926). The other predecessor of soil science was

Fig. 2.2 Marte Rodolfo Gémez-Segura (1896-1973), the Director of
ENA in the epoch of its passage to Chapingo, later the Minister of
Agriculture and the Governor of The Tamaulipas State (Gémez-Segura
1976b)

Alejandro Brambila, who enthusiastically promoted the use
of fertilizers since 1892 (Goémez-Segura 1976a). The
research activities concentrated mainly in the National
School of Agriculture (ENA-Escuela Nacional de Agricul-
tura). The ENA, founded in 1853 in San Jacinto Mexico, D.F,
prepared mainly agricultural administrators (Administra-
dores instruidos and Mayordomos inteligentes) for big land
ownerships (haciendas). During the early years of the ENA,
especially during the government of Porfirio Diaz
(1876-1911), the major influence came from France (Cotter
and Osborne 1996); one of the most distinguished professors
of that period Leén Fourton taught soils with a focus mainly
on agricultural chemistry (Rodriguez-Adame 1984). The first
agricultural experimental stations appeared in the country in
1910, and some attention was devoted to soils there.
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Fig. 2.3 Charles F. Shaw and
Stanley W. Cosby from the
University of California at
Berkeley, during their travel to
the Laguna Salada basin, with
Mexican colleagues (the
photograph is the courtesy

of William Reed; the

original provided by

Stanley W. Cosby Jr.)

The development of soil research stagnated in the
beginning of the twentieth century due to revolutionary
events in the country. Only after the revolution did the
development of agricultural sciences have a second wind. In
1919, the ENA opened the lines for agricultural engineering
and mechanics. The Director of the ENA Marte R. Gémez-
Segura (Fig. 2.2) reconstructed the school, and in 1923
invited Alfonso Gonzdilez-Gallardo, who was then recog-
nized as one of the “fathers” of Mexican soil science for the
development of agrology. The ENA moved in 1923 to
Chapingo, in the State of Mexico, which soon became the
center of soil research in the country. In 1929, Jests
Alarcén Moreno presented his bachelor thesis “The study of
soils”; this scientist later became the Director of the ENA.

The first agrology college was inaugurated in Villa de
Meoqui, Chihuahua, in 1928. One year before engineer
Manuel Meza attended the first International Congress of
Soil Science in Washington, and the ideas expressed there
led him to propose the creation of Soils Specialty in Meo-
qui. In 1929, the first Mexican scientific meeting, known as
“The First Agrological College”, was held in Meoqui. This
meeting is considered as the first formal activity in the field
of soil science in Mexico (Ortiz-Solorio 1993; Gonzalez
2006). During this Congress, the term edaphology was first
mentioned, which was defined as the branch of soil science
that dealt with soil as a part of nature. This term, as well as
in Spain, was used in Mexico as a synonym of pedology in
English-speaking countries; the meaning was somewhat

different from French understanding that limited edaphol-
ogy to the study of soil-plant interactions.

One of the consequences of the formation of the College
was the establishment of the Mexican Society of Agrology
to promote and disseminate knowledge of soils in Mexico.
The first and the only board of this society consisted of
Walter E. Packard of CNI (Chair) and Alejandro Brambila
Jr. of the General Directorate for Agriculture (Secretary).
The society had an ephemeral existence and disappeared
soon after establishment.

Later, Manuel Meza together with the Ing. Norberto
Aguirre-Palancares, Jestis  Alarc6n-Moreno, Ramoén
Ferndndez, and Escobar brothers presented to the Union
Congress the project “Agricultural Education Act”, which
was approved in 1946 (Aguirre-Palancares 1984). As a
result, researchers, technicians, and specialists were trained
in order to implement in the field the results of the agri-
cultural science. Therefore this law included education at
the highest level, so they proposed the creation of a post-
graduate college to award masters and doctoral degrees.

During the presidency of Plutarco Elias Calles the
National Commission on Irrigation (CNI-Comisién Nac-
ional de Irrigacién) was founded, and the Law on Irrigation
was passed in January of 1926. In the same year, the CNI
invited American soil scientists to train the first agronomists
on soil surveys required for the implementation of irrigation
of lands. Recently discovered negatives and autochrome
glass plates give glimpses into two early soil explorations
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Fig. 2.4 The seminal work of Rodriguez and Brambila (1937)

into the Laguna Salada basin in Baja California, Mexico
(Reed 2009). Invited by the CNI, two soil science professors
from the University of California at Berkeley, Charles F.
Shaw and Stanley W. Cosby, traveled to the Laguna Salada
basin to conduct preliminary investigations for the potential
for irrigated agriculture and to provide soil survey training
for Mexican soil scientists (Fig. 2.3). Walter W. Weir,
Drainage Engineer at U.C. Berkeley, was also with the
exploration party. As many as 25 people were working
together from both nations. The other US specialists invited
by the CNI were A. E. Kocher and W. E. Packard. As a
result, the soil terminology and methodology in Mexico in
that epoch were almost completely borrowed from the USA.
The CNI also concentrated outstanding specialists in the
area of soil management and irrigation. Since May of 1930
it published a monthly journal “Irrigation in Mexico”.

In 1937, the CNI published a seminal book by Antonio
Rodriguez and Miguel Brambila entitled “A first attempt to
group the soils of Mexico into the World Great Groups”
(Rodriguez and Brambila 1937). This book also included
the first national small-scale soil map (Fig. 2.4). Also in
1937, the CNI published a translation of the Kellog’s
Manual of Agrological Studies, translated by Miguel Pérez
Espinosa (Kellog 1937b).

The soil science of Mexico integrated gradually into the
world scientific community. In 1939, Miguel Brambila
published an international paper on the “tepetate” soils of
Mexico (Brambila 1940).

The Rockefeller Foundation played an important role in
the development of soil science in Mexico. Henry Wallace
(Vice-President of the USA) promoted and obtained
agreements for American scientists to collaborate with
Mexican technicians in 1940 (Aguirre-Palancares 1984). In
1943, a collaborative agreement was signed between the
Mexican Department of Agriculture (represented by
Gomez-Segura, the Secretary of Agriculture and Gonzdlez-
Gallardo, senior officer) and the Rockefeller Foundation.
One of the most noteworthy impacts of the Rockefeller
Foundation on the development of soil science in Mexico
was through an academic exchange (Gonzilez 2006).
Approximately, 300 Mexican technicians obtained gradu-
ate-level degrees in the USA (Rodriguez-Adame 1984), and
later returned to Mexico to conduct research programs
(Ortiz-Solorio 1993; Gonzélez 2006), mainly in crop pro-
duction. As a result, the use of fertilizers was implemented
and soil fertility developed significantly in Mexico (Ortiz-
Solorio 1993). Roberto Nuiez-Escobar (CP), Leonel
Robles-Gutiérrez (ITESEM), Gildardo Carmona-Ruiz
(UANL), Nicoldas Sanchez-Durén (Oficina de Estudios
Especiales), Martinez Medina (ESAAN), and Rodolfo Pli-
nio Peregrina-Robles (Director del INIA) were some of
them. Within the US scientists with expertize in soils were
Williams Caldwell, Robert F. Chandler, John B. Pitner, and
Reggie J. Laird (Rodriguez-Vallejo 1984); the latter stayed
in Mexico and worked as a professor in soil science pro-
gram in CP. Other researchers were Norman E. Borlaug and
Edwin J. Wellhausen who remained in the CIMMYT
(Hernandez-Xolocotzi 1984).

In the beginning of the 1940s serious progress in pedology
was achieved. Alfonso Gonzalez-Gallardo, mentioned above,
published a fundamental book “Introduction to the study of
soils” (Gonzalez-Gallardo 1941) (Fig. 2.5). In 1944, Donac-
iano Ojeda translated the seminal book of Konstantin Glinka
“Great Groups of the Soils of the World and their Develop-
ment” (Glinka 1944). In fact, this monograph appeared in
Spanish in a reduced and modified form: initially, it was a
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Fig. 2.5 The first Mexican textbook in soil science by A. Gonzailez-
Gallardo

shortened translation from Russian into German by Herman
Stremme of the original Glinka’s textbook “Soil Science”,
followed by its translation from German into English by
Curtis Marbut, and then from English into Spanish.

In 1946, the CNI was restructured and transformed into a
federal-level department named the Secretary of Water
Resources (Secretaria de Recursos Hydraulicos—SRH). As a
consequence, reduction of experienced soil surveyors
occurred during the period of 1947-1966, from 60 to 15
(Ortiz-Solorio 1993). In 1968, the Commission for the
Study of National Territory (Comisién de Estudios del
Territorio Nacional—CETENAL), was created under a
collaborative project with FAO. The CETENAL, which
transformed later into the General Directory of Geography
(Direccién General de Geografia—DGG) of the National
Institute of Statistics and Geography (Instituto Nacional de
Estadistica y Geografia—INEGI), was the first institution in
Mexico that started a systematic study of the soils of the
country.

2.3 The Development of National Soil

Science Schools in Mexico

The ENA developed as a national center for preparation of
human resources in the area of soil sciences. The line of soil
science was opened at graduate and postgraduate levels in
1957 and 1959, respectively. In 1959, a Postgraduate College
(Colegio de Postgraduados—CP) branched within the ENA;
Soil Science department was also founded there. In 1974, the
ENA was transformed into the Autonomous University of
Chapingo (Universidad Auténoma de Chapingo-UACH)
(Fig. 2.6). Until now it is the most important node for sci-
entific research and human resources training in soil science
disciplines. In 1979, CP was separated from the ENA to be an
independent research body.

The UACH and CP published the most useable textbook
on general soil science (Ortiz-Villanueva 1975a) that out-
stood seven editions (see Ortiz-Villanueva and Ortiz-Solo-
rio 1990). The other important topics covered by the
textbooks published in these institutions were soil chemistry
(Gavande 1981), soil physics (Gavande 1972), soil fertility
(Ortiz-Villanueva 1975b; Salgado-Garcia and Nuifiez-
Escobar 2010), soil conservation (Oropeza-Mota 2011), and
fundamental pedology (Ortiz-Solorio et al. 1999). Also the
most popular manual for field soil description was published
(Cuanalo de la Cerda 1975). The pedological studies are
concentrated mainly in the CP, and the researchers there are
known for high-quality papers published in international
journals (e.g. Gutiérrez Castorena et al. 2005, 2006, 2007;
Etchevers et al. 2006; de Le6n-Gonzalez et al. 2007; Prado
et al. 2007; Cruz-Cardenas et al. 2010). The UACH was a
driving force for the organization of the 15th World Congress
of Soil Science in Acapulco, Mexico in 1994; Dr. Andrés
Aguilar-Santelises of UACH acted as a president of the IUSS
during the period of 1990-1994 and chaired the Congress.

The CP has seven campuses, which form important
centers of agricultural research. Some of them play an
important role in the inventory of soil recourses, for
example, the Campus Tabasco in Lazaro Cardenas, Tabasco
(see Palma-Lépez et al. 1985).

The other important center of soil research formed is the
National Autonomous University of Mexico (Universidad
Nacional Auténoma de México-UNAM). Nicolds Aguilera-
Herrera (Fig. 2.7) was one of the grantees of the Rockfeller
foundation; in 1951, he did postgraduate studies in Wis-
consin University with Dr. Marion L. Jackson. Returning to
Mexico, initially he worked in several institutions of the
country, including the CP, where he organized the line of
Soil Science. He started the course of soil science at the
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Fig. 2.6 The building of the Autonomous University of Chapingo. It is and original photo made by Carmen Gutiérrez especially for this book

Faculty of Sciences of the UNAM in 1958, and in 1965
founded a Laboratory of Pedology there. Later, he also
established a Department of Pedology in the Institute of
Geology of the UNAM. Nicolds Aguilera-Herrera was one
of co-founders of the Mexican Society of Soil Sciences
(Sociedad Mexicana de las Ciencias del Suelo-SMCS) in
1962. He organized annual International Courses in Soil
Science, currently the most important short-term educa-
tional course in pedology for students and specialists in the
Spanish-speaking world and published a soil science text-
book for graduate students (Aguilera-Herrera 1989). Actu-
ally, the pedologists of the UNAM actively publish papers

in international journals (e.g. Solleiro-Rebolledo et al. 2003,
2006, 2007; Bocco et al. 2005; Garcia-Calderén et al. 2005,
2006; Méndez-Linares et al. 2007; Pena-Ramirez et al.
2009).

Regional research developed in many states of Mexico.
One of the most important centers of soil-related research in
the tropical areas of the country is the College of the Southern
Frontier (Colegio Frontera Sur), with five campuses in the
states of Chiapas, Quintana Roo, Campeche, and Tabasco.
Generally, this research center is focused on the issues of
sustainable development, but also has strong research groups
of pedologists (Mendoza-Vega et al. 2003; Mendoza-Vega
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Fig. 2.7 Maestro Nicolds Aguilera-Herrera, the founder of soil
science in the National Autonomous University of Mexico (portrait
provided by N.E. Garcia-Calderén)

and Messing 2005; Geissen et al. 2006, 2007, 2009). Impor-
tant regional settings were described in an extensive mono-
graph about the soils of the Yucatan (Bautista-Zuiiiga and
Palacio-Alvaro 2005). Some interesting publications were
prepared by the researchers in Veracruz State together
with Cuban colleagues (Hernandez-Jiménez 1991; Ascanio-
Garcia and Hernandez-Jiménez 2005).

Some recent research activities have been developed in
Mexico in collaboration with the US and Canadian col-
leagues, mostly in the northern part of the country. The
majority of these cooperative studies were related to the
issues of soil fertility, remediation, and erosion (e.g.
Martinez-Gamifio and Walthall 2000; Hudson 2003; Kuhn
et al. 2003; Bravo-Garza and Bryan 2005), but several
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Fig. 2.8 An element of Cddice Vergara with representation of the
quality of each plot

important pedological papers have been also published on
the organic matter of volcanic soils (Drijber and Lowe
1990, 1991), the effect of lithology on soil genesis in arid
regions (Graham and Franco-Vizcaino 1992), and the for-
mation of calcium carbonate coatings on gravel in extreme
arid areas of Baja California (Amundson et al. 1997).

The French scientific school of pedology also actively
collaborated with Mexican researchers. The most interest-
ing recent papers include the research of Dubroeucq et al.
(1992b) of the dune soil complexes on the coast of the
Mexican Gulf, the investigation of the genesis of volcanic
soils (Dubroeucq et al. 1992a, 2002; Barois et al. 1998), and
the study of the pedogenesis and mineralogy of soils in the
Chihuahua desert (Ducloux et al. 1995). A large group
headed by Christian Prat conducts a long-term study of the
properties and remediation of volcanic soils with cemented
layer (tepetate) (Servenay and Prat 2003; Prado et al. 2007).

Currently, many papers are published in international
scientific journals by Mexican pedologists alone or together
with the colleagues from abroad. However, still a significant
part of soil research in Mexico is unavailable for
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Fig. 2.9 The first map of the soil Great Groups of Mexico from the book by Rodriguez and Brambila (1937)

international readers: many data are published in “grey”
literature or left unpublished in the form of the thesis of
various levels. The situation is brightened by the presence
of a national scientific journal with free full-text on-line
access. The most important journal in the area of soil sci-
ence was launched in 1983 by the SMCS under the name
Terra. In 2004 it was renamed into Terra Latinoamericana.
It is published quarterly in the UACH, Texcoco in Spanish
with occasional papers in English. About one-fourth of the
volume of the journal is dedicated to pedology and related
issues. The other journal that publishes a limited number of
papers on soil science is Agrociencia. Geological journals,
such as Revista Mexicana de Ciencias Geoldgicas and

Boletin de la Sociedad Geologica Mexicana, also sporadi-
cally publish papers on soil science, including special
issues.

The Mexican Society of Soil Science (SMCS), founded
in 1962, served as a strong organizing force for national soil
studies (Palacios-Rangel 2011). Since its foundation, 34
annual and biennial meetings have been organized, and full
papers or extended abstracts have been published in a book
series « The pedological research in Mexico » . The SMSC
has organized several internationals congresses, including
VI and XVII Latin American Congresses of Soil Sciences
and 15th World Congress of Soil Science in Acapulco
(1994). The SMCS has four divisions, namely “Diagnostics,
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Fig. 2.10 The soil map of Mexico, showing the distribution of “zonal”, “intrazonal”, and “azonal” soils

methodology and evaluation of soil resources”, “Relations
between soils, climate and biota”, “Use of soil resources”,
and “Education and technical support” (Palacios-Rangel
2011).

24  Soil Mapping in Mexico

According to Hernan Cortés, Mexican indigenous leaders
had geographical maps drawn on different materials. These
maps reproduced routes and specific areas. Some codices
were very similar to cadastral maps; for example, the Codex
Santa Marfa Asuncién and the Codex Vergara (Gibson

1978; Williams 1976; Williams and Harvey 1988). These
codices prepared for Tepetlaoztoc and surrounding com-
munities in the Valley of Mexico, consisted of three parts:
one was the census of population housing and household
head and the other two were representations of their plots
(Fig. 2.8). The striking feature of these codices was that in
the middle of each plot there was a glyph, which repre-
sented the class of land/soil. Although they were not for-
mally soil maps, they possessed all the elements for soil
mapping.

Since colonial times, with the exception of the Tepet-
laoztoc Codices, until the completion of the Mexican
Revolution, no soil maps of Mexico have been produced.
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Fig. 2.11 Soil map of Mexico of the scale 1:1,000,000, prepared by the CETENAL using the legend modified after FAO

As mentioned above, the National Irrigation Commission
(CNI) was created in 1926, mainly for the construction of
large dams in the country. Agriculture Department was
established in CNI the same year, and the first Head of the
Department from 1926 to 1929 was Walter E. Packard
(Baum 1970). The US specialist was hired for that position,
because, as President Calles explained, there was a lack of
technical experience among Mexicans (Aboites 1998).
Agronomy department became the official government
agency for conducting soil surveys, a procedure unknown in
the country at the time. For unknown reason, the soil sur-
veys were given the name of Agrology. Macias-Villada
(1963) indicated that the term ‘agrology’ was used to
characterize the applied part of soil science, mainly in
regard to soil mapping and agrologic surveying. Basurto-

Larrainzar (1926), in Volume 2 of his Treatise of Agronomy
and Agrology, stated that the study of soils belongs to the
field of geology, which means that in that epoch pedology
was still not considered an independent science in Mexico.
It was the suggestion of the Chief of Agriculture
Department to establish the first agrological College in the
town of Meoqui in 1928, in order to enlighten young
agronomists on developing soil surveys. Meoqui was chosen
because of its proximity to the Conchos River, where a big
project developed; it seemed convenient to use it as a base
for field training (Comisioén Nacional de Irrigacién 1929).
At that time no aerial photographs were available, soil
mapping was done together with topographic survey using a
plotting board, and all the maps appeared at the same scale
(Ortiz-Solorio 1993). In 1929, Alejandro Brambila Jr. led
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Fig. 2.12 Soil map prepared on the basis of the Revised legend of the FAO-UNESCO Soil Map of the World INEGI-SEMARNAP (1999)

the squad that made the agrological map of the State of
Morelos, the first federal entity fully studied (Ortiz-Solorio
1993). In 1937, CNI published the first soil map of Mexico
as an Annex to the book of Rodriguez and Brambila “First
attempt to group the soils of Mexico within the Great Soil
Groups of the World” (1937). The map reflected mainly the
general concepts of global soil distribution rather than real
soil cover of the country (Fig. 2.9). The legend included the
Great Groups of soils following the system developed by
the USDA Soil Survey (e.g. see Baldwin et al. 1938).
Charles Kellogg published the Soil Survey Manual in the
USA (Kellogg 1937a), which was translated into Spanish by
Manuel Pérez Espinosa of the CNI with a somewhat

erroneous title “Manual de Levantamientos Agrolégicos”
(Manual for Agrologic Surveys). This document was con-
sidered as the standard to follow in soil studies.

The US technical support came to an end in 1930. The
CNI was renamed into the Secretary of Water Resources
(Secretaria de Recursos Hidraulicos—SRH) in 1946. The staff
of Agrology, previously estimated at about 60 technicians,
for budgetary problems was reduced to 15 persons. The
situation required employment of new methods to achieve
speed, accuracy, and economy in agrologic studies, which
was implemented by national experts, giving birth in 1958 to
the Office of Photogrammetry and Photointerpretation.
During the period from 1927 to 1962, the Department of
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Fig. 2.13 An example of the map of the scale 1:250,000 developed by INEGI

Agrology studied soils at different levels for 17 % of the
territory of Mexico, i.e., at 36 million ha (Macias-Villada
1963). As a part of these activities, the SRH published a soil
map, stressing the distribution of “zonal”, “intrazonal”, and
“azonal” soils in the country (Fig. 2.10).

The soils mapping in Mexico have been detonated by the
project of the World Soil Map of the scale 1:5,000,000 by
the Food and Agricultural Organization of the United
Nations (FAO). This project has been developed during the

period of 1961-1978, and implied close cooperation of the
national experts with the international soil science com-
munity. In the decade of the 1970s, the Department of
Agrology under the leadership of Gaudencio Flores Mata
and in collaboration with experts from FAO integrated the
available information on the soils of Mexico to World Soil
Map of the FAO (1974). The information about the soils of
the country was not very precise in that epoch, and the FAO
soil map for Mexico had numerous errors. Generally, the
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Fig. 2.14 The distribution of reference soil profiles used by INEGI for developing the soil map of the country

map had the same mistakes as the map prepared by the
Secretary of Hydraulics: the systematic study of the soils of
Mexico had not yet started, and large gaps in the knowledge
existed, especially for arduous areas.

Apart from these efforts, some Mexican pedologists
developed their own soil maps. A schematic map of soil
Great Groups was published by Aguilera-Herrera (1969); it
was one of the early attempts to use the American soil
taxonomy for mapping Mexican soils.

The other early product of national-scale soil mapping in
Mexico was the soil map of the scale 1:1,000,000, prepared
during 1978-1980 by the CETENAL, which transformed
later into INEGI (see Fig. 2.11). This institution, founded in
1968, later played a major role in the development of soil
mapping in the country. There was a discussion on soil

classification to be used for the map. Finally, the legend was
based on the legend of the FAO-UNESCO Soil Map of the
World (FAO-UNESCO 1968), modified by CETENAL
(1970). The main reason for the selection of classification
was that it could be used with minimal data on soil chem-
istry, while the classification used in the USA (Soil Survey
Staff 1960) required extensive analytical support.

The other example of small-scale soil map was the map
of dominant soils of the Mexican republic developed by the
National Commission for the Study and Use of Biodiversity
(CONABIO-Comisién Nacional para el Conocimiento y
Uso de la Biodiversidad) of the scale 1:1,000,000 by gen-
eralization of the soil maps of INEGI and updating the
legend using the new version of classification proposed by
FAO (FAO-UNESCO-ISRIC 1988).
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Fig. 2.15 The soil map of Mexico prepared by INEGI in 2006 using the WRB classification as a legend (FAO-ISRIC-ISSS, 1998)

The second version of this map was developed by three
Mexican institutions: the Secretary of Environment, Natural
Resources and Fishery (Secretaria del Medio Ambiente,
Recursos Naturales y Pesca—-SEMARNAP), the CP, and the
INEGI. One of the aims of this map was to update the
nomenclature of the soil maps, using the Revised Legend of
the World Soil Map of FAO/UNESCO/ISRIC (1988). The
process of updating the information consisted of a transla-
tion of names, and where possible keep to the original
boundaries of soils, taking into account that such abundant
in Mexico units as Xerosols and Yermosols have been
deleted from the legend (Ortiz-Solorio et al. 1994). The map
also included a general description of the main soil groups
of the country (Fig. 2.12).

The development of medium- and large-scale soil map-
ping started in 1980s in Mexico. In 1968, the INEGI started
work on preparation of soil maps of the scale 1:50,000.
Each sheet of these maps had a size of 15 min of latitude
per 20 min of longitude, thus covering an area of about
1,000 km?. The total coverage of these maps, elaborated

during the period of 1968-1982, was 762 sheets, or about
30 % of the whole territory of the country. The maps used
Mercator Universal Transversal Projection (UTM) and
Datum NAD27 as cartographic bases. The maps have been
prepared both by field surveys and by interpreting stereo-
scopic pairs of black-and-white aerial photographs of the
scale 1:50,000 and 1:75,000. The disadvantage of these
maps was that the density of the survey was insufficient for
the declared scale, and real resolution of the maps corre-
sponded to a smaller scale.

The next stage was to make soil maps of the scale
1:250,000 for the whole national territory (Fig. 2.13). Each
sheet had an extension of 1° of latitude per 2° of longitude;
the cartographic bases were UTM and Datum NAD27. Field
soil survey was strengthened by the use of remote sensing
data, mainly Landsat MSS satellite images of the bands 4, 5,
6, and 7. During the period of 1980-1998, the mapping plan
for the whole territory of Mexico, excepting isles, have been
completed in the scale 1:250,000. The legends of the maps
of the scales 1:50,000 and 1:250,000 were based on the
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Fig. 2.16 The map of the development of soil erosional processes in Mexico, prepared by SAGARPA

classification system of FAO World soil map, modified by
CETENAL (1970).

In 2001, it was decided that the maps at the scale
1:250,000 for the first round of soil survey needed certain
improvement (Guerrero-Eufracio and Cruz-Gaistardo
2011). During the period of 2002-2007, the INEGI con-
ducted the second round of soil survey that included exca-
vation of new profiles, the revision of legacy data, and
reshaping the polygons using available remote sensing data.
The legend was based on the World Reference Base for Soil
Resources—WRB (FAO-ISRIC-ISSS 1998). The advantage
of the improved maps was that the classification was much
more detailed than in the previous version, and that the staff
of the Pedology Department had more professional skill
than during the previous inventory (Cruz-Gaistardo et al.
2006). The maps exist in GIS format and are linked with a
database that includes 9,549 soil profiles (in fact, more than
30,000 profiles are potentially available for including in the
database). The distribution of soil profiles is shown at
Fig. 2.14. The second round allowed developing a new

small-scale soil map of Mexico with strikingly higher detail
than the previous versions (Fig. 2.15).

The maps produced by INEGI received certain criticism,
mostly because many users had unjustified expectations that
small-scaled soil maps (1:250,000 and 1:1,000,000) might
give precise information for development site-specific
practical recommendations. Also the methodology applied
by INEGI overstated the use of interpretation of aerial
photographs and satellite images; the number of observa-
tions in the field was low ‘(about 1 observation per 50 cm?
map), and the state of soil information should be still
regarded as insufficient.

A number of maps have been developed on the basis of
the data recently obtained by INEGI and other institutions
of Mexico. A map for estimating soil erosion was devel-
oped by the Ministry of Agriculture, Livestock, Rural
Development, Fisheries and Food (SAGARPA—-Secretaria
de Agricultura, Ganaderfa, Desarrollo Rural, Pesca y
Alimentacion) mainly on the basis of interpretation of
satellite images (Fig. 2.16). A set of auxiliary data, the use
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Fig. 2.17 The map of the reserves of soil organic carbon in Mexico prepared by C.O Cruz-Gaistardo

of conventional and nonparametric methods for modeling,
and certain field verification makes the map a reliable tool
for assessing soil degradation. The interpretation of the
map showed that most of the heavily eroded soils (24.6
million ha) were erodible soils subjected to intense chan-
ges in land use, specifically deforestation, overgrazing, or
poorly planned agriculture.

The soil organic carbon map provides data estimates of
the C content in the soil, and serves as background for
recording the C loss or acquisition in the future. The
information will enable management to formulate policies
that positively impact the reserves of CO, in ecosystems
(Fig. 2.17).
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