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Abstract

The incorporation of ethnopedological knowledge in soil
science and the inclusion of indigenous communities as ben-
eficiaries of the agricultural technology are indispensable
premises to make a better use of soil. However, to achieve
this, it is necessary to have clearer communication and un-
derstanding between peasants and soil specialists. This
paper contributes to the understanding of the way in which
the ethnopedologic knowledge of the community of Zoyatlan
(Mexico) has been used in making decisions on soil manage-
ment and production. It also proposes a methodological al-
ternative that will contribute to the communication among
land users and soil specialists.

Our results show that Zoyatlan peasants identify seven
soil types grouped into four classes according to their agri-
cultural suitability. These classes are determined by distinc-

tive land properties that enclose six agronomic characteris-
tics of the topsoil and four specific characteristics of the work
area. Based on this criteria, we designed a parametric
method assuming that the agricultural suitability of the land
is determined by several characteristics of the topsoil; among
them topsoil thickness was outstanding. This characteristic
was susceptible to being represented parametrically by nu-
merical values (obtained from a mathematical model), which
is a single numerical expression of topsoil thickness perfor-
mance. The application of this methodology provided infor-
mation that is useful and can easily beinterpreted by both the
peasants and the soil specialists. Furthermore, this informa-
tion can be represented at different cartographic scales.

Keywords: indigenous classification, geographical in-
formation systems, land use suitability, parametric method,
topsoil
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I ntroduction

For over 4000 years, people havetilled, drained and irri-
gated soils for agricultural use. At the same time, they have
classified them in accordance with their appearance, charac-
teristics and productivity. The Chinese book titled Yugond
(2,500 years B.P)) is probably the first text ever on sail clas-
sification, and in fact, most ancient civilizations produced ef-
fective interpretative classifications (Tabor and Krasilnikov
2002). The Nahuatl (Aztec) classification is an example of
this, and currently such classification continues to be used by
the indigenous communities of Mexico and the northern part
of Central America (Williams and Ortiz-Solorio 1981).

On the other hand, in most developed countries, vernac-
ular classifications have been replaced by scientific taxonom-
ic and agrological systems, and have been theoretically de-
signed to meet both basic and practical objectives; for exam-
ple the selection of the best soil for a certain land use (Sey-
mour-Fanning and Balluff-Fanning 1989). However, accord-
ing to The World Reference Base for Soil Resources (WRB
1994), in developing countries, soil science lacks credibility
and acceptance regarding the systems it has proposed for
practical soil use. This situation probably has been caused by
three major limiting factors.

Thefirst oneisrelated to the large soil diversity existing
in different regions of the world. Due to their morphology
and other characteristics, many of these soils are till un-
known to soil scientists (Nachtergaele et al. 2000). A second
important factor is the statistics used to define and establish
soil quality parameters and soil limitations. Specialized per-
sonnel are required to generate this type of information as
well as to develop an efficient logistic and technical infra-
structure. All this requires extraordinary economic resources
which are hardly available to developing countries (Tabor and
Hutchinson 1994; Braimoh 2002). The third factor refers to
the limited use that the peasants make of the documents and
cartography available about soils. This happens mainly be-
cause of the purpose for which the published information is
generated. For example, in many developing countries, Mex-
ico included, the institutions in charge of elaborating soil
maps make them with the purpose of having an inventory and
a taxonomic classification of this resource. Maps thus pro-
duced are characterized by having a complex terminology
which is unknown to non-specialist users (Ettema 1994,
Tabor and Hutchinson 1994; Braimoh 2002; Krasilnikov and
Tabor 2003). Another distinctive characteristic of these maps
is the very general scale of cartographic representation (i.e.
regional level 1:250,000). This condition technically prevents
the peasants from using those maps with the level of detall
that they need for improving use and management of their
soils (Habarurema and Steiner 1997).

All these factors seem to show alack of sensitivity from
soil science towards the users’ interests and needs. However,
we contend that this may not be the case, since a large pro-
portion of the limitations mentioned above happen because of
the almost inexistent communication between the users of
soil as a resource and the soil scientists. Other factors that
make communication and exchange of experiences harder in-
clude the heterogeneity of local knowledge, the difficulty to
correlate local and scientific knowledge, and the approach
used to document ethnopedological knowledge (Niemeijer
1995).

The synergy of these factors has consolidated an unin-
tentional, albeit negative effect of “technological discrimina-
tion,” which globally affects the indigenous-peasant commu-
nities of developing countries. Yet, in the face of such an ir-
regular situation, these communities have traditionally made
use of their ethnopedological knowledge to classify and man-
age their soils. Thisfact points out the need to integrate local
knowledge into soil sciences; however, to achieve this, it is
first necessary to establish a dialogue that will allow for usto
identify similarities and differences between both bodies of
knowledge. Based on these considerations, our main goas
for the research in the indigenous community of San Nicolés
Zoyatlén were the following: (1) to gather information on the
ethnopedological knowledge of this community, and to ex-
amine its relationship to socio-environmental conditions pre-
vailing in the study area; (2) to analyze and synthesize the
way in which knowledge and sets of conditions have been
used in the current management of soils for subsistence pro-
ductivity; and (3) to propose a methodological aternative
feasible for Zoyatlan, contributing to the creation of a com-
munication bridge between land users, extension workers and
researchers.

To achieve these goals, we employed methodological
toolsfrom socia and environmental sciences. The various ap-
proximations used are described in this article in four sec-
tions. In the first section we present the most relevant envi-
ronmental and social characteristics of the research area
Then we explain in detail the methodological tools used to
gather and synthesize the information. In the third section,
the ethnopedol ogical knowledge used by the peasants of Zoy-
alén for classifying and managing their soils is described.
We then discuss the differences and similarities between this
local knowledge and scientific knowledge of soils. Some of
the soils' properties that reflect the long process of antropiza-
tion are highlighted. In the final section we present a method-
ological proposal that emphasizes various advantages that
favor communication between peasants and soil specialists.
The application of this methodology is exemplified and dis-
cussed for the soils of the research area.

Human Ecology Review, Vol. 12, No. 1, 2005

45



Cervantes Gutiérrez et al.

Regional Setting

San Nicolés Zoyatlan (hereafter referred to simply as
Zoyatlan) islocated in the Southern SierraMadre, in the east-
ern part of the state of Guerrero (Mexico), and it covers an
area of 924 hectares (Figure 1). From the physiographic point
of view, the area is a toposystem mainly characterized by
slope eroding land forms, which show a morphometry of
great contrasts. Elevation varies from 1300 to 1750 m, while
slopes, generally complex and of great length, have gradients
ranging from 0 to 100% (Cervantes and Hernandez submit-
ted). The topography of Zoyatlan causes awide variety of cli-
mates. [n general termsatropical, semi-warm, sub-humid cli-
mate prevails, with an average annual temperature of 27.5°C

and atotal average annual rainfall of 781 mm. From Novem-
ber to April, drought is severe (Garcia 1988). Lithology is
very complex but considered to be made up mainly of meta-
morphic rocks of the quartzite type, volcanic rocks, limestone
outcrops, aswell as aluvia and coluvial materials.

Zoyatlén has along history of using its natural resources
(Vega 1991; Dehouve 1995). It is estimated that at least since
1490 until afew years after the Spanish conquest, the land use
of the community was mainly agriculture. However, around
1550, grazing was introduced (Cervantes and de Teresa 2004).
In 1998 its population amounted to 681 inhabitants, most of
them belonging to the Nahuat! ethnic group. Twenty four per-
cent of the population speaks its mother tongue and the re-
maining 76% are Nahuatl and Spanish-speaking. The main ac-
tivities are agriculture, cattle farming and collection of forest

T il Lr

products. Agriculture is basically for subsistence
and it takes place through five different production
systems. The main difference among them lies in
the availability of water for the culture and the fre-
quency of the use of the soil (Cervantes and de Tere-
sa 2004). According to the criteria established by
some authors (Warman et al. 1982; Boserup 1984,
Montafiez and Warman 1985; Rojas 1985) most of
these agricultural systems correspond to intensive
and semi-intensive use. The main agricultural prod-
ucts cultivated in the region are corn, beans and
pumpkins. In 1998 the production of maize fluctu-
ated between 550 and 1500 kg/ha (Cervantes and de
Teresa 2004).

According to Cervantes and de Teresa (2004),
the ancient agricultural and grazing use and the
land conflicts that the community suffered at the
beginning of the 20th century have contributed to
the fact that the natural vegetation of Zoyatlan is
now reduced. In 1998, the distribution of soil use
and plant cover was as follows. human settlements
(3.2%), irrigation agriculture (2.3%), and rain-fed
agriculture and free grazing stockbreeding
(23.7%). According to Rzedowski's (1978) classi-
fication, the different vegetation types were distrib-
uted as follows: conifer (Juniperus) forest (2.4%),
gallery forest (3.3%), primary tropical deciduous
forest (0.9%) and secondary tropical deciduous
forest (64.2%) (Cervantes and Hernandez submit-
ted).

From an agronomic viewpoint, the most im-
portant soil units in this region are Regosols and

Figure 1. Geographic location of San Nicolas Zoyatlan, Guerrero state, Mexico.
Numbered points depict the location of the representative profiles off the indigenous
soils types. 1=Tlalcapochtic; 2=Tlaltezoquitl; 3=Texalli; 4=Tlalchichiltic; 5=Xalli;

6=Tlanextli; 7=Tepetatl.

Leptosols. These soils show different physical
phases that in some cases make it difficult to work
with, and always prevent the use of agricultural
machinery.
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Methods

Peasants of Zoyatlan took part in this research, especial-
ly those considered in the community to be the most experi-
enced ones regarding soil characteristics, properties and man-
agement. The study began in 1993 and ended in 1999. The
methodological design consisted of three stages. (1) inter-
views and surveys; (2) soil field research and laboratory
analyses of soil samples; and (3) soil mapping.

Interviews and Surveys

We undertook field prospecting and interviews with au-
thorities and “principales’ (old men council) of Zoyatlan.
The interviews were focused on the following subjects: (a)
community boundaries; (b) land ownership; (c) agricultural
activities; (d) preferred areas for agriculture; (€) farming sys-
tem variants; (f) preferred soils for agriculture and soils with
the highest agricultural production. Afterwards, open inter-
views were structured in accordance with the Nahuatl classi-
fication of soils. At this stage, peasants (“principales’ and the
most experienced peasants) specified the different types of
indigenous soils existing in Zoyatlan. During the field
prospection, the morphologic, productive and management
characteristics of soils were specified, especially those they
consider to be the most representative. This allowed us to
record and interpret the different concepts they use in their
soil classification and the criteria used to identify the advan-
tages and limitations of each soil type.

With the information obtained from the interviews, a
survey with different topics was designed for 36 families. The
most relevant topics for this study were the following: (a) cul-
tivation systems and soil properties according to the indige-
nous classification and (b) use and management history of the
plots pertaining to each family. In the first case, the survey
was addressed to the heads of the families. In the second, the
information came from both heads of family and their wives,
as the ownership of plots frequently comes from a dowry or
inheritance.

Soil Field Research and Laboratory Analyses
Cartographic information available for the research area
was used to create the database. It included a topographic
map at a 1:50,000 scale and an aerial panchromatic photo at
a 1:80,000 scale (INEGI 1983). Both were initialy used as
the base map on which the environmental information ob-
tained in the field was represented. The supplementary infor-
mation required to carry out this study was gathered on site.
During the field study of soils, 73 soil profiles were de-
scribed and sampled. The goals were the following: (a) to de-
scribe their morphology, properties and limitations; (b) to es-
tablish, asfar as possible, the soil spatial distribution and vari-

ability within the landscape, aswell asthe originating factors;
and (c) to select soil profiles that were representative of the
community and then to analyze them. Soil profiles were de-
scribed following the guidelines established by the SCS-
USDA (1984). Later these soils were classified according to
the criteria established by the WRB (1998). Laboratory tech-
niques used for the analysis of the soil samples are summa-
rized in the Appendix. In this paper, we selected seven repre-
sentative Zoyatlan soil profiles for discussion (Figure 1).

Soil Mapping

Maps were created using an overlay approach (Borrough
1986). The thematic maps considered in the space model
were altitude, exposure, slope, land form, and lithology.

Results and Discussion

An Overview about Zoyatlan's I ndigenous K nowledge of
Land and Soils

Field observations together with the interpretation of the
information obtained from the interviews, allowed us to select
some of the relevant principles upon which the ethnopedol og-
ical knowledge of the producers of Zoyatlan is based. Peas-
ants know intuitively that the formation and diversity of their
lands and resources, including soils and their productivity
characteristics, are conditioned by environmental factors;
those standing out are relief and climate. Peasants realize that
when these factors change (e.g. changes of elevation, land
forms, slopes) the characteristics of lands and the resources
related to them also change. Similarly, the peasant communi-
ty of Zoyatlan possesses a detailed and accurate knowledge
about the spatial distribution and extension of the land and
soilsinthelandscape. Thisis of great ethnographic interest, as
such knowledge was used by their pre-Columbian ancestors to
produce different types of soil cartography (Ortiz-Solorio and
Gutiérrez-Castorena 2001). This knowledge enables them to
identify lands according to their spatial distribution and qual-
ity, which is basic for their classification into different soil
types regarding quality, suitability and management.

As observed in Figure 2, local residents consider their
habitat to be composed of different land systems (“Lands’).
The term “Land” is locally used in an integrating sense to
refer to a certain physical environment and its biophysical
dynamics. In these dynamics, all human activities are includ-
ed (present and past, as well as future) which are associated
with the use of their natural resources. However, for practical
purposes, local farmers subdivide land systems into different
land facets (“Types of Lands”). Each land facet is a variable
surface area which is defined by certain environmental fac-
tors and specific natural resources, as well as land quality
properties and specific use limitations.

Human Ecology Review, Vol. 12, No. 1, 2005
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Zoyatlan Community
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Figure 2. Synopsis of the principles and local factors upon which Zoyatlan
Land Classification System is based.

Peasants view soil quality as an attribute of both land
facet and topsoil for a specific type of use, either generat-
ed by humans or by the natural elements prevailing in a
land facet. Empirically, this trait is measured mainly in
terms of the following characteristics: () the natural avail-
ability of nutrients for crops (criterion: crop growth and
yield); (b) water availability; (c) resistance to soil degrada-
tion; (d) spatial variability of soil characteristics, and (€)
size, shape, and access to the land facet. The results of such
evaluation influence peasants decisions on the use and
management of the soil type present in the land facet (Fig-
ure 2). They are also the basis for their establishment of the
different levels used in their land classification system.

These findings closely match the information of sev-
eral authors (Tabor 1993; Agrawa 1995; Ettema 1994,
Habarurema and Steiner 1997; Talawar and Rhoades 1998;
Winklerprins 1999), about local soil classifications being
fundamentally contextual. Such classifications are areflec-
tion of an integrated knowledge of the potentialities and
limitations that the environment imposes on production.
This knowledge, in turn, is expressed through the different
forms of soil management. It is therefore possible to say
that the principles and criteria used by the Zoyatlan peas-
ants to evaluate their lands and associated resources, is
similar in many aspects to the “Land Use Management
System” concept defined by Rhoades (1994).

Zoyatlan Soil Types and Terminology
Our results show that the peasants of Zoyatlén recog-

nize in their community seven different types of soils. These

Table 1. Ethnolinguistic terminology used in Zoyatlén for diagnostic soil features and designation of the distinct properties of topsoil.

NS = not specified.
Soil Type Soil Features Topsoil Properties
Thicknessand
Soil depth  Sail color Stoniness  Fertility  layers Consistency Texture Wiater retention  Soil washing
Tlalcapochtic  Deep Black Moderate  High >30cm, Loose Not clayey, not sandy ~ Cold soil Low
1 layer “suelta’ “ni barrosani arenosa’  “suelo frio”
Tlatezoquitl  Deep Black, brown, High High >30cm, Very sticky Clayey Very cold soil Very low
red 1 layer “muy peggjoso’  “barrosa’ “suelo muy frio”
Texalli Moderate  Brown, red Moderate ~ Good 30cm, Very loose Sandy Hot soil High
to shallow lor2 layers “muy suelta’ “arenosa’ “suelo caiente”
Tlachichiltic Moderate Red Low Low 30cm, Loose Not clayey, not sandy ~ Hot soil High
1or morelayers  “suelta’ “ni barrosani arenosa’  “suelo caliente”
Xali Moderate Grey Very high  Low 30cm, Very loose Sandy Cold soil Very low
to shallow 1 or morelayers  “muy suelta’ “arenosa’ “suelo frio”
Tlalnextli or  Deep White, ashy ~ Low Very low 30 cm, Loose Sandy to loam Cold soil Moderate
Tldiztac 1ormorelayers “suelta’ “arenosaa suave’ “suelo frio”
Tepetatl Very thin - Red, black High Verylow  <30cm, Loosetofirm  Sandy and clayey NS Moderate to
lormorelayers “sueltaadurd’  “arenosay barrosa’ low
48 Human Ecology Review, Vol. 12, No. 1, 2005
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Table 2. Physical and chemical characteristics of representative soils at Zoyatlan. S = stoniness; R = rocks; BD = bulk density; PD = parti-
cle density; OM = organic matter; CEC = cation exchange capacity; BS = bases saturation; TN = total nitrogen; TP = total phosphorus.
Number in parentheses next to thickness cultivation horizon indicates total depth of soil profile. 1a and 2a show the number of layers that

constitute the cultivation horizon.

Characteristics Class S1 Class S2 Class S3 Class Ns4a
Tlalcapochtic | Tlaltezoquitl Texalli Tlalchichiltic Xalli Tlalnextli Tepetat!
Land Facet
- Elevation (madl) 1490 1350 1470 1400 1326 1552 1480
- Slope gradient (%) 0-8 45 45 17.6 0 12 0-4
- Surface S 20 S 90 S 15 S 80 S 80 S: 60 S: 80
fragments (%) R: 0 R: 10 R: 0 R: 0 R: 20 R: 10 R: 10
Cultivation Horizon Properties
la: 8
Thickness (cm) 35 (75) 30(130) 30(54) 2a 22 (60) 30(30) 30(90) 26 (26)
la: dark reddish Dark
Color (moist) Dark brown (5YR3/4) Gray Cray reddish
Black Black brown 2a dark red reddish reddish brown
(10YR2/1) (10YR2/1) | (7.5YR3/2) (2.5YR3/6) (5YR5/2) (5YR5/2) | (5YR3/4)
Texture (%)
- Sand 66.0 52.6 65.0 la: 56.6 2a 434 90.0 36.8 614
- Silt 134 9.4 15.6 la: 10.8 2a 80 5.0 264 136
- Clay 20.6 39.0 194 la: 32.6 2a 48.6 5.0 36.8 25.0
BD 117 111 116 la 118 2a 114 159 1.07 1.0
PD 2.49 241 2.61 la 2.64 2a 2.60 2.56 2.50 243
Porosity (%) 53.01 53.94 55.6 la: 55.30 2a 56.15 37.86 57.31 58.85
Water retention (%)
-12 hrs 60.0 79.64 81.53 la 80.12 2a 93.05 17.92 42.89 40.32
- 14 days 3319 35.20 la: 36.69 2a 40.57
PH
-H,0 8.2 8.2 8.4 la 6.1 2a59 8.1 75 8.0
- NaF 83 8.6 8.4 la 95 2a 9.8 8.4 9.0 83
Erodability value 0.23 0.18 0.28 la 0.27 0.14 0.45 0.28
OM (%) 345 2.93 3.62 la: 2.76 2a 0.86 0.67 2.05 2.79
CEC 315 533 278 la: 234 2a 282 15.1 26.5 39.9
(cmol®Kg?)
BS (%) 61.90 56.10 70.10 la: 384 2a 46.4 68.54 42.03 70.00
TN (%) 0.16 0.12 0.16 la 0.12 2a 0.03 0.07 0.08 0.16
TP (ppm) 850 1156 1531 la 2345 2a 1405 825.0 450.0 592.12

soils are locally named: (1) Tlalcapochtic (“capulin” [fruit of
Prunus capulli] colored soil); (2) Tlaltezoquitl (“clayey”
stony soil); (3) Texalli (sandy soil); (4) Tlachichiltic (chilli-
colored soil); (5) Xalli (sand originated by the action of
water); (6) Tlalnextli (ash-colored or grey soil), aso known
as Tlaliztac (white soil); and (7) Tepetatl (mountain land, thin
cover or thin mantle). As can be seen, the terminology used
for these names incorporates some of the main morphogenet-
ic characteristics of each soil type: color, texture, thickness,
stoniness, spatial distribution and the process of soil forma-
tion. Moreover, these soil types differ in their degree of fer-
tility (Table 1).

Trandation and interpretation of this terminology al-
lowed us to infer that the terms used by the peasants make it

possible to semi-quantitatively designate several differentiat-
ing properties of soils that are useful for their agronomic
classification. For example, the peasants deem a soil to be
“deep” (e.g. Tlalcapochtic, Tlatezoquitl and Tlalnextli soils;
Table 1) when there is not a rock or a hard and continuous
layer within the first 60 cm from the surface (Table 2). In
contrast, a soil is “very thin” when its total depth is less than
30 cm (e.g. Tepetalt soil; Tables 1 and 2). They use the term
“stony soil” to indicate the presence of stones, gravel or peb-
bleson or in the soil (e.g. Tlatezoquitl and Xalli soils; Tables
1 and 2). Regarding fertility, they contend that soils showing
horizons and/or superficial dark layers (topsoil) are generally
the best for agricultural use (e.g. Tlalcapochtic and Tlatezo-
quitl soils; Tables 1 and 2).

Human Ecology Review, Vol. 12, No. 1, 2005
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With respect to the topsoil, there is also a precise termi-
nology to designate its differentiating characteristics (Table
1). However, the ethnolinguistic terms employed in its char-
acterization, differ substantially from those used in the scien-
tific classification of soils. A good example of the latter is
the expression “loose consistency” (e.g. Tlalcapochtic,
Tlalchichiltic and Tlalnextli soils; Table 1). According to
USDA-SSDS (1992), the term “loose consistency,” in a gen-
eral sense, refers to a soil material which is neither coherent
nor adhesive. In contrast, from a micromorphologica analy-
sis performed on a Tlalcapochtic topsoil sample, we found
that such a term indicates the presence of individual grains
(primary minerals) and very stable organic-mineral aggre-
gates, of fine (< 1.0 mm) and very fine (< 0.25 mm) size.
These aggregates are soft in dryness and moderately friable
in moisture (Figure 3). The term “very loose” consistency
(e.g. Texalli and Xalli soils; Table 1) indicates the presence of
fine and very fine soil aggregates, mixed with non-structural
units (mineral grains) which are not cohesive and show an
erodability ranging from light to moderate. The terms “very
sticky” (e.g Tlatezoquitl soil; Table 1) and “loose to firm”
(e.g. Tepetatl soil; Table 1) indicate, respectively: (a) the
presence of a topsoil of an adhesive consistency in moisture,
and (b) that the topsoil is made up primarily of sand and very
fine pebbles (> 2 mm, but < 4 mm).

Other examples of a similar nature are the following.
The term “sandy texture” (e.g. Texalli and Xalli soil; Tables
1 and 2) only indicates a low clay content in the topsoil.
When the clay content increases lightly, the texture of the
topsoil is often called “sandy to loam” (e.g. Tlalnextli soil;
Tables 1 and 2). “Non clayey, non sandy” isalocal term used

Figure 3. Microstructure of the topsoil of a Tlalcapochtic soil, showing
the distribution of spaces and solids in the soil matrix. Note the pres-
ence of biopores (BP), sand-size grains, both lithic (L1) and those com-
posed of feldespars (FP), as well as structural aggregates (SA). These
aggregates are characterized by their very fine to fine size, a spherical
shape, and a very high stability to dispersion in water.

to refer to a topsoil with a sandy loam (e.g. Tlalcapochtic
soil; Tables 1 and 2) to loamy texture (e.g. Tlalchichiltic soil;
Tables 1 and 2). “Clayey” is only applied to those topsoils
that because of their content and type of clays, it is difficult
to work with them (e.g. Tlatezoquitl soil; Tables 1 and 2).

The expressions “cold soil” and “hot soil” arelocal agro-
climatic terms which point to the capacity for water retention
of the topsoil. A “cold soil” (e.g. Tlalcapochtic, Xalli and
Tlalnextli soils, Tables 1 and 2) preserves humidity tem-
porarily for agriculture, whereas a “hot soil” loses it rapidly
(e.g. Texalli and Tlalchichiltic soils; Tables 1 and 2). When
such soils accumulate a significant amount of humidity, it is
called “very cold soil” (e.g. Tlatezoquitl soil; Tables 1 and 2).
The term “soil washing” refers to the loss of the topsoil
caused by water erosion (Tables 1 and 2).

The analysis of the terminology presented above, aswell
as the understanding about their context shows that the local
knowledge is based on principles similar to those used world-
wide in other indigenous classifications (Dialla 1993; Etem-
ma 1994; Habarurema and Steiner 1997; Braimoh 2002; Er-
icksen and Arddn 2003; Birmingham 2003). In all these clas-
sifications, the perception about the agronomic quality of the
characteristics that differentiate the soil is summarized in
conspicuous criteria. Their ponderation varies according to
most limiting factors (such as salinity) or of greater interest
to users (such as productivity). Furthermore, these criteriaare
aways directed at characterizing the topsoil even when the
depth of the soil might be awell-identified variable, asisthe
case of the peasants of Zoyatlan.

In agreement with many authors (Etemma 1994;
Habarurema and Steiner 1997; Talawar and Rhoades 1998;
Braimoh 2002; Ericksen and Ardén 2003; Birmingham
2003), we argue that the characterization of the topsoil is a
constant principle in most indigenous classifications; repre-
senting aso, one of the core differences between local and
scientific classifications. The former describes and evaluates
only the topsoil whereas the latter are based on the pedoge-
netic study of the soil, that is, the development and evolution
of the different horizons of the soil (topsoil and subsoil). This
fundamental difference is based in the fact that local produc-
ers and scientists pursue different goals and therefore apply
different principles. Peasants try to define and assess the nat-
ural suitability of the land for the production systems that are
viable in the soils of the region and allow them to meet their
basic needs. In turn, scientists attempt to characterize soilsin
accordance with universal patterns (Tabor 1993; Ettema
1994; Habarurema and Steiner 1997; Talawar and Rhoades
1998).

Nevertheless, we argue that the various criteria empiri-
cally used by peasantsto characterize soils must be taken into
account in the agronomic studies to be able to make a diag-
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nosis of the productive potential of the soil. In addition, some
of the research that has compared the physical and chemical
characteristics of the soils obtained through laboratory analy-
sis, with the criteria used by local classifications, point out a
great similarity between both sources (Williams and Ortiz-
Solorio, 1981; Bellon 1990; Habarurema and Steiner 1997).
The same was obtained for the soils of Zoyatlan, where the
differences in properties identified by the peasants for the
seven types of soil (i.e. fertility level, “soil washing,” “cold
soil,” color, texture, etc.; Table 1), were often consistent with
the characterization obtained from the laboratory analysis
(Table 2). Because of those similarities, researchers such as
Barrera-Bassols and Zinck (2000, 2003) and Krasilnokov and
Tabor (2003), among others, have suggested that the princi-
ples upon which ethnopedological knowledge is based are
similar or supplementary to those used by the modern soil
science.

Formalization of the
Zoyatlan Land Classification System and
Hierarchical Characterization

From the information described in the two previous sec-
tions, we were able to realize that the Zoyatlén land classifi-
cation system (ZLCS) fulfills many of the taxonomic re-
quirements of a formal interpretative classification (Figure
2). This means that the knowledge of the indigenous commu-
nity about their lands and soilsis used and agreed upon by the
indigenous group, and can be organized at different hierar-
chical levels (Tabor 1990; Ettema 1994; KrasiInikov 2002).
This information allowed us to understand that the ZLCS is
founded on the natural suitability of the land for a certain use,
and from its design it is possible to identify the limitations
and risks intrinsic to the system (mountainous relief, poorly
developed soils, and the climatic seasonality characterizing
the dry tropics). It is worth mentioning that the concept of
suitability in this paper was built on the basis of the technol-
ogy and consumables criteria that are specifically and tradi-
tionally used by local peasants. This assessment included a
basic inventory of the land resources, the understanding of
the requirements of each land facet and associated soils for
their use, a database of the socioeconomic characteristics of
peasants, in addition to learning about their goals. Based on
this, we contend that the Zoyatl&n land classification system
can be structured on three main classification levels: (1)
Order, (2) Class, and (3) Sail Type (Figure 2).

The order distinguishes the suitability (S) or non-suit-
ability (Ns) for aspecific land use type (Figure 2). Due to the
small cultivation land surface in the study area, most of the
soils used in the land facets are considered suitable for agri-
cultural use in the different classes. Only those soils located
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Figure 4. Macromorphologic features diagnostic of the profiles of
some representative soils at Zoyatlan. Soil typogenesis is characterized
by a small effective soil depth due to the presence of gravel, pebbles,
stones, or hardened layers, in addition to the presence of textural and
lithologic discontinuities (indicated by numerical prefixes), which cause
very sharp limits between profiles layers.

on extremely steep slopes or those occurring in rock areas
with outcrops and very thin soils were excluded by the peas-
ants as suitable (Figure 4). These areas preserve tropical de-
ciduous forest vegetation and areincluded in classNs4b (Fig-
ure 2).

The classes reflect the gradation of land suitability, not
just suitable versus not suitable (Figure 2). Thisis determined
by four characteristics related to the land facet (Table 3) and
six differentiating properties, inherent to the topsoil of each
soil type (Table 1). The characteristics belonging to the work
area (land facet) are: (&) access to the site; (b) limitations to
work in it; (c) type of viable crops; and (d) consumables re-
quired to obtain agricultural products. Accessibility is related
both to physical effort necessary to reach the working area
(e.g. surface morphometry) and to distance from settlements.
Workahility is related to weed density, physical obstacles and
the use of the tools needed by peasants for sowing and crop-
ping. Regarding cultivation type, peasants differentiate those
seeds providing the best yields in relation to soil fertility and
its propensity to pests. These two criteria determine the use
of consumables, such as fertilizers and insecticides, to favor
crop growth (Table 3). Regarding the six differentiating char-
acteristics of the cultivation horizon, peasants underline
thickness and the number of layers present in the cultivation
horizon, and its fertility.

Peasants conceive fertility of the topsoil as afeature pro-
viding nutrients to crops. Empirically, they recognize the ex-
istence of two types of fertility, which are measured in terms
of the production of their basic crops (corn, beans and pump-
kins). Thefirst type of fertility is associated with the nutrients
budget contained naturally in the soil, and to its physical con-
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Table 3. Characteristics of land facet for soil use, according to Zoyatlan's land classification system. Hybrid seed = improved varieties
(corn and beans) introduced by governmental programs; “criolla” seed = several varieties (corn, beans and pumpkin) native to the area.

Land facet
properties Tlalcapochtic Tlaltezoquitl Texalli Tlalchichiltic Xalli Tlalnextli Tepetat!
Accessibility Variable Variable Variable Variable Easy Difficult Difficult
Workability Moderate Difficult Easy Easy Easy Easy Difficult
(a) Weedy High Very high Low Low Very low Very low Low
(b) Stoniness Moderate High Moderate Low Very high Low High
(c) Tools Plough (animal Plough (animal Plough (animal Plough (animal Plough (animal Plough (animal Zero tillage,
employed traction). The soil  traction). The soil  traction). The soil  traction). The soil traction). The soil  traction). The soil sowing is
“islight.” “is heavy.” “islight.” “islight.” “isvery light” “isvery light” performed with a
stick (“coa’).
Viable crops Very good yield ~ Very good yield Good yield of Theyieldis Theyieldis Theyieldis Always make
of corn, beanand ~ of corn, beanand ~ corn, beanand  improvablewith  improvablewith  improvable with use of maize,
pumpkin (hybrid ~ pumpkin (hybrid ~ pumpkin (hybrid ~ hybrid seeduse.  hybrid seed use.  “criolla” seed use.  bean, and pumpkin
and “criolla” and “criolla” and “criolla” The pumpkin is “criolla’ seed.
varieties). varieties). varieties). not successful.
Plague Low Moderate Very low Low High Very low Very low
incidence
[nput
(a) Fertilizer None None Nitrogenated ~ Nitrogenated and  Nitrogenated and ~ Nitrogenated and Nitroenated
fertilizer phosphorated phosphorated phosphorated fertilizer
fertilizer fertilizer fertilizer
(b) Pesticide None None None Some times Alwaysis used None None
is used

dition (Table 1); in turn, the second type of fertility is con-
sidered to be a dynamic soil characteristic, which can be ma-
nipulated and enriched. This is achieved by using different
techniques, such as the use of organic and chemical fertiliz-
ers (Table 3).

Thickness and number of layers of the topsoil represent
an important basis upon which the Zoyatlan land classifica-
tion system is structured. The optimum is a cultivation hori-
zon with a thickness of 30 cm or more and comprising a sin-
gle layer, as was the case of Tlalcapochtic and Tlatezoquitl
soil (Tables 1 and 2). This criterion is probably based on the
fact that often the physical, chemical and mineralogical na-
ture of the layers making up the cultivation horizon are very
heterogeneous (e.g. abrupt changesin permeability and mois-
ture retention, as well asin texture, bulk density, erodability,
percentage of organic matter, exchangeable bases, phospho-
rus retention capacity, etc.). Peasants know that in tilling the
land these layers get mixed, which could negatively affect
both the capability of operating in such horizons (Williams
and Ortiz-Solorio 1981; Johnson 1983; Bellon 1990), as well
as the agricultural production. As observed in Table 1, Xalli
soil is represented by a topsoil of 30 cm minimum thickness,
which may have one or two layers (Figure 4). Tlachiciltic,
Xalli and Tlalnextli soils refer to the presence of a topsoil

made up of one or several layers; the latter being the most
common case (Figure 4).

Table 2 shows the main physical and chemical charac-
teristics of these soils. According to peasants, Tlalcapochtic,
Tlaltezoquitl, Texalli and Xalli are the most valued soilsfrom
the agricultural perspective. Due to their quality (thickness,
fertility and accessibility), we included the first two in Class
S1 (has no significant limitations for its agricultural sustained
use), and the third one in Class S2 (has some limitations for
its agricultural sustained use, which can reduce productivity
to an acceptable level). Class S3 (has substantial limitations
inits natural fertility for agricultural sustained use; Tables 1
and 2) is represented by Tlalchichiltic and Xalli. However,
Xalli, because of its spatial distribution in the land facet (re-
stricted to alluvial terraces) shows favorable conditions for ir-
rigation, which increases its productivity and thus, changes
its aptitude class, although this always mean the use of exter-
nal inputs (Table 3). Class Nsda (generally not suitable in its
present condition, either because of its low natural fertility
and difficulties of access, or due to the topsoil thickness) in-
cludesthe Tlalnextli and Tepetatl soils (Tables2 and 3). Peas-
ants consider the latter soil to have the lowest value for agri-
culture due to greater difficulties in its management.
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Soil Management Generalities

Notwithstanding that between users, consumable use and
soil management are variable and complex, we were able to
recognize that the most relevant aspect of soil management is
the frequency of agricultural use for a certain soil. Thisis not
only conditioned by the soil class, but also by socioeconomic
factors such as the cultivable surface available for the peas-
ants and the size and demographic structure of their families.

Examples of the interactions between these factors are
those extreme cases occurring when the farmer’s family is
small (families newly formed, made up by old people, or hav-
ing migrant members). When a family of this type owns a
small cultivation surface area, they are forced to use Class
Ns4a soils more frequently, e.g. some Tepetatl. In this case,
an agricultural cycleisimplemented and then lands are left in
fallow for a four-year period. In contrast, there are families
owning a sufficient number of plots of different qualities but
without enough workforces for agricultural activities. There-
fore, the use of Tepetatl soils is substantialy less frequent,
and the fallow period can be up to eight years. There is also
another group of peasants who, in addition to owning suffi-
cient plots, have soilsin their plots that are generally of good
quality. In this case, plots in use are only those capable of
meeting their family’s consumption needs (Cervantes and de
Teresa 2004).

However, under ideal conditions peasants cultivate the
Tlalcapochtic and Tlatezoquitl soils (Class S1) every year (a
system locally known as “anual de secano”). The Texalli soils
(Class S2) are cultivated every other year with alternation of
one year fallow periods (a system locally known as “afio y
vez"). In the case of Tlalchichiltic (Class S3) and Tlalnextli
soils (Class Ns4a), fallow periods are longer. In the former
type the most common system is one year of cultivation fol-
lowed by two of fallow; in the latter, fallow periods vary be-
tween three and four years.

There is an exception regarding this traditional manage-
ment of the use-fallow cycle of Zoyatl&n soils. This exception
is the presence of some |low fertility soils under rain-fed agri-
culture conditions, but they are easy to work with and are |o-
cated close to population settlements and water reservoirs
(Tables 2 and 3). The most common example is the intensive
use of Xalli soils (Class S3). These soils have been subject to
irrigation as well as fertilizers and pesticides, which make it
possible to have two annual harvests with a practically inex-
istent fallow period. However, even in these irrigated areas
the socioeconomic factors prevail in plot management. Fam-
ilies with few members of productive age or a small number
of plots, always cultivate the basic local products during the
two cycles. If the family has several working age members
and a sufficient number of plots, they use Xalli soils during
the first cycle for sowing corn and beans. In the second cycle,

they grow chilies, onions, tomatoes, peanuts, squash or “jica-
ma,” an edible tuber. In this case, the destiny of production is
determined by both the market and family consumption.

In addition to the variants of use-fallow practices in the
different soil classes, the Zoyatlan peasants also carry out ac-
tivities aimed at the conservation of soil productivity. For ex-
ample, in the case of Tepetatl soil, peasants are aware of the
fact that the layer for cultivation they can use is very thin.
Therefore, they try to preserve that thickness by avoiding cul-
tivating in slopes steeper than 20%. Also, soil removal ismin-
imal as sowing is done manually with a*“coa’ (sowing stick
or cane). In addition, they always establish large cover crops
such as the corn-bean-pumpkin combination (Table 3). To-
gether all these strategies help to reduce erosion risks and
preserve soil fertility. In the best class soils, when the area
availablefor cultivation shows variable slope steepness, peas-
ants combine different sowing systems. These include, de-
pending on the slope, the use of the “coa” or the animal trac-
tion plow. Despite the differences among the sowing systems,
fallow periods traditionally assigned to each soil type are
maintained constant.

A further example related to plot productivity conserva-
tion is the rotation of crops in space and time. With the ex-
ception of the Tepetatl and Tlalnextli soils, in the remaining
plotsit is possible to observe rotation between the combined
crop (corn-bean-pumpkin) and the corn monoculture or
“matd’ beans, a sturdier variety, or monoculture and/or
peanuts. This rotation can be made within the sowing cycle
(spatia rotation) or in consecutive cycles, i.e. between years.

Physical and Chemical Characteristics of the
Agricultural Soilsat Zoyatlan

Conceptualy, the Zoyatldn soils represent the initial
stages of soil evolution, in which few or no clearly expressed
soil characteristics have developed (Table 2). According to
these characteristics, they meet the requirements to be classi-
fied as Anthropic Regosols (they always show evidence of
profound modification by human activity) and Mollic Lep-
tosols (WRB 1998).

From amorphological point of view, some of these soils,
like Tlalcapochtic, Tlaltezoquitl, and Tlalnextli, commonly
reach a considerable soil depth (Table 2). However, in dll
these soils the thickness of the topsoil frequently oscillates
between thin (< 26 cm) to moderate (35 cm), due to the pres-
ence of different physical and chemical barriers (soil limi-
tants). For example, the gravelly and stony layers that may
underlie the first layer of the topsoil in the Tlalchichiltic soil
(Figure 4) are poor or very poor in organic matter and total
nitrogen. Furthermore, in these layers the percentage base
saturation isless than 50%. A similar situation is observed for
the Tlanextli soil, although the topsoil thickness in this soil

Human Ecology Review, Vol. 12, No. 1, 2005

53



Cervantes Gutiérrez et al.

comprisesasingle homogeneous layer (Table 2). According to
FAO-UNESCO (1994), such percentages generate a low fer-
tility level which may be ameliorated by using a high dosage
of fertilizers. Moreover, as suggested by particle density val-
ues (Table 2), primary minerals in these soils are mostly poor
in ferromagnesians and alkaine-earth bases (Ca*+ and Mg*),
necessary elements for the development of crops.

With the exception of Tlaltezoquitl, Tlalchichiltic and
Tlalnextli, the texture of the other soils is apparently mostly
coarse (Table 2), athough in some cases this may be some-
what different. For example, petrographic microscopy obser-
vations of the textural element content in the Tlalcapochtic
soil matrix show that its textural elements do not only com-
prise simple loose mineral grains. In this soil, there are also
stable structural sand-size aggregates (0.25-2 mm). Such ag-
gregates show a complex organic-mineral composition that
confers to soil a great erosion resistance and do not favor its
biological and physical degradation (FAO-PNUMA 1980;
Figure 3). In addition, the presence of stable aggregatesin the
topsoil indicates appropriate soil management.

Table 2 shows that bulk density values tended in genera
to be low, probably because of the presence of numerous
spaces between those particles in forming the soil matrix
(Figure 3). Therefore, soil porosity is high, mainly in the top-
sail, which allows a good aeration and water flow, thus facil-
itating root growth. Only in soils such as Xalli, and some-
times Tepetatl, do those porous spaces tend to consolidate
and become compact when the soil loses humidity.

Laboratory analyses show that with the exception of the
Xalli soil type, the other soils show some physical and chem-
ical characteristics which are unique. Such characteristics

have a direct and positive influence on soil fertility. Among
them, the most outstanding are: (1) a very high water reten-
tion capacity; (2) high values of cation exchange capacity
(CEC), (3) high organic matter contentsin the topsoil; and (4)
low erodability (Table 2).

The large soil water retention capacity (Figure 5), high
CEC, and low erodability values (Table 2) are mainly due to
the large specific surface characterizing the mineralized or-
ganic matter (Maeda et a. 1978). These soil properties also
suggest the presence of non crystalline products (Jongmans et
al. 1994) resulting from the weathering of the volcanic mate-
rials present in the soil (ashes, pumice, volcanic glass). So
far, the performed analyses (not reported in this article) indi-
cate the presence of amorphous minerals of proto-alophane
type, aswell asferrihydrite. Only in the case of Tlalchichiltic
sails, the pH-NaF value showed that aophane is present in
well-characterized mineralogical terms (Table 2). All these
amorphous minerals, have a large specific surface and a great
absorption capacity (Gama-Castro et al. 2000). When com-
bined, all these characteristics also contribute considerably to
the natural fertility that characterizes many of the soils at
Zoyatlan.

Further advantages of organic matter content in the study
soils are related to the availability of phosphorus and the reg-
ulation of pH. In most soils of Zoyatlan, total phosphorus
(TP) shows considerable accumulation in the topsoil (Table
2). However, due to the fact that alkaline pH (pH-H,0) pre-
vails in such horizons, it is reasonable to conclude, in accor-
dance with Lindsay and Moreno (1960), that this element is
generally accumulated in forms which are not available for
crops (e.g. hydroxiapatite, fluorapatite). Moreover, there

seems to be a direct relationship between TP retention
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and the alkaline condition level of the cultivation hori-
zon. In contrast, in the case of Tlalchichiltic, where pH
is acidic, TP contents are considerably lower. This is
probably due to the lixiviation of this element, asare-
sult of its pH value (Table 2). These results suggest that
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ficiencies may also be attenuated by the organic matter
content of such horizons. Thus, besides a tendency to
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regulate pH, organic matter is the main source of phos-
phorus immediately available to crops. This is likely
the explanation as to why the peasants of Zoyatlan use
phosphatized fertilizer to till the Xalli, Tlalchichiltic
and Tlalnextli soils (Table 3). In these soils, organic
matter contents were lower (Table 2).

Figure 5. Percent water retention of the topsoil of some soils at Zoyatlan. Repre-
sentative profiles with percent retention values above 60% after 12 h of draining
are depicted. TIchlaand Tlch2a = first and second layer of the topsoil of a

Tlalchichiltic soil, respectively; Tlzqtl = Tlaltezoquitl soil.

Finally, we assert that some of the data in Table 2
are “atypica” for non-cultivated Regosols (i.e. charac-
teristics of topsoil, high water retention, presence of
alophane). However, it is possible that they are fully
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acceptable for soils deeply transformed by the intensive and
prolonged anthropedogenic processes, as is the case in Zoy-
atlén. Anthropic Regosols are the most important soilsin the
community, and they have been used for agricultural produc-
tion since ancient times (Dehouve 1995; Cervantes and de
Teresa 2004). The large varieties of characteristics that these
soils possess render them complex for their detailed study
and definition. Similarly, they pose a great challenge in terms
of future technical recommendations of soil science regard-
ing their use and conservation.

An Alternative M ethodological Approach

A Multifactor or Parametric Proposal

Based on our results, we believe that the integration of
ethnopedological knowledge with soil science requires the
use of different methodological tools. At first, these should be
aimed at retrieving and understanding local ethnopedological
knowledge. However, the systematization of such informa-
tion must necessarily establish alink between environmental
and socioeconomic factors used by peasantsin their soil clas-
sification. Therefore, we argue that to integrate the variety of
criteria used by the peasants of Zoyatlén in their interpreta-
tive classification of their soilsaswell asto facilitate the con-
struction of acommon language among the users and the soil
specialists, it is necessary to use a parametric method for es-
tablishing land use agricultural suitability.

Parametric methods allow for the integration of different
kinds of information; they are easy to apply and to interpret by
soil specidists and non-specialists; and they give one single
number for taxation in order to rate land from “good” to “bad.”
These methods consist of single numeric factors, usualy val-
ues of land and soil characteristics, which are combined to
reach afinal single numeric rating. Thus, all land is rated from
excellent (100) to useless (0), and thisis assumed to be aratio
scale. For example, land rated 80 is “twice as good as’ land
rated 40. Thus, it would be afair basis for taxation. Factors can
be combined by adding or multiplying, and normalizing may
be possible, depending on the system (Rossiter 1994).

In the case of Zoyatlén, as in many other indigenous
communities, the use of parametric methods allows the peas-
ants to trustfully define the criteria for selection of key land
and soil properties. From there, these properties can be easi-
ly correlated with production by agronomic experts. It isim-
portant to restate that the peasants are the ones who must se-
lect the land and soil properties to be used in the creation of
this system, otherwise, the results obtained would be subjec-
tive and not reliable for technical decision making.

Other advantages that parametric methods offer are the
following. In general, they require data and information that
are inexpensive for most countries to generate. Also, accord-

ing to the characteristic of the data used, it is possible to gen-
erate cartographic information at various scales. Also, the use
of parametric methods is familiar to most of the technicians
and agronomy students from developing countries. An exam-
ple of thisis the parametric methodology proposed by FAO-
PNUMA (1980) to estimate soil degradation. Furthermore,
methods of this nature are currently being used to generate
indices and indicators of land and soil quality as well as en-
vironmental sustainability (INEGI-SEMARNAP 1999; Seg-
nestman et al. 2000; SEMARNAP 2000). In what follows, an
example for designing and implementing a parametric index
for the soils at Zoyatlan is provided.

Example of a Single Land Characteristic

As pointed out before, peasants of thislocality stressthe
importance of the topsoil, considering it to be one of the es-
sential agricultural factors. According to their classification,
we know that the best agricultural soils have atopsoil thick-
ness > 30 cm, and that such thickness is optimal when it is
homogeneous (i.e. comprising one single layer). These two
criteria may be integrated in a representative (parametric)
value of the existing variants of the topsoil of these soils.
Such integration is demonstrated in Table 4, where how these
criteria were weighted proportionally is also shown. On this
basis, the index combines parametrically both the existing
variants for this land characteristic and its relationship with
the ideal thickness of the topsoil. The parametric index for
the topsoil thickness (TsT) is expressed as follows:

TsT = (TXPvTs) / 30 cm

where T = thickness (cm) of topsoil; PvTs = parametric value
according to number of layers present in the topsoil; 30 cm =
ideal standard thickness for the topsoil. When the thickness
of the first layer in the topsoil does not meet the ideal stan-
dard, underlying layers of the subsoil are added until theideal
30-cm standard is approximately reached. The addition of
values resulting from applying the formula to each layer cor-
responds to the TsT final value. In Table 4b a numerical ex-
ample is provided.

The results obtained with this index have the advantage
of summarizing the topsoil characteristics regarding the ideal
expected condition in asingle value. In turn, they also repre-
sent the suitability hierarchies or categories for this land
characteristic: TsT = 1, Ideal Condition; TsT = 0.66, Accept-
able Condition; TsT < 0.33, Deficient Condition (without in-
cluding its variants; Table 4). The values of this index are
consistent with the valuation of the same factor in the Zoy-
atlan land classification system. In the case of Tlalcapochtic
soail, its category for TST = 1 was optimal; in contrast, in Te-
petatl soil, the value for this category was the lowest, TST =
0.286 (Tables 1, 2 and 4).
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Table 4. @) Parametric values established in order to relate number of soil layers and thickness (T) of the topsoil (Ts); b) example showing

the calculation of the parametric index for three soil types at Zoyatlan.

a)

Soil Factor Thickness (T) Parametric Value (PvTs)
Topsoil Thickness T: > 30 cm, 1 homogenous layer 1.00
T: > 30 cm, 2 or more layers 0.66
T.>24<30cm, 1layer 0.33
T: <24 cm, 2 or more layers 0.165
b)
Topsoil thickness parametric index
TsT = (T X PvTs)/30cm
Soil type Topsoil thickness Parametric index
Tlaltezoquitl 30 cm - one homogenous layer TsT=(30X 1)/30=1.0
Tlalchichiltic 30 cm - two layers: TsT = (8 X 0.66) + (22 X 0.66)/30 = 0.66
lalayer - 8 cm; 2alayer - 22 cm
Tepetatl 26 cm - one homogenous layer TsT = (26 X 0.33)/30 = 0.286

Representation of Parametric Information

As mentioned above, the parametric method provides a
set of values that can be represented in cartographic terms.
This may be achieved if the categories (values) obtained
through the TST index are expressed in terms of thematic
maps: atitude, exposure, slope, landform, and lithology
(Figure 6). This process may be easily performed with geo-
graphical information systems, and consists of the reclassifi-
cation of the thematic maps, in terms of the environmental
factors defining the categories of the parametric index; this
process results in the creation of Boolean maps. The inter-
ception of Boolean maps allows us to know the spatial dis-
tribution of each category (category-1, category-2, category-
3). Asto asecond interception, the combination of three cat-
egories is obtained. The resulting map of this process allows
us to describe the spatial interaction of the various TST cate-
gories (Figure 6).

Following similar reasoning, it is possible to build para-
metric indices by incorporating the complexity of the peas-
ants' ethnopedologic criteria used in land management. The
advantage liesin the fact that the selected criteria may be ad-
equately synthesized, provided the relationship between each
of them is known and the hierarchies established by the users
are respected. For example, for the soil fertility factor, the
parametric index would have to relate both the differences
identified by peasants regarding natural and potential soil fer-
tility, as well as topsoil thickness. An additional advantage is
that cartographic representation of the indices proposed can
be made independently (as illustrated in the previous exam-
ple for the topsoil thickness index), or can be the result of
combining different indices of interest.

With the use of a parametric method of soil use aptitude,
it is possible to describe and incorporate, with great accura-

cy, the complexity of Zoyatlén peasants' ethnopedologic
knowledge. Through their use, it has even been possible to
gain peasants’ trust since they can easily interpret the carto-
graphic information offered and they are able to focus on the
factors that interest them. Due to its content and interpreta-
tion, the cartography produced can be accessible not only to
peasants but also to extension workers and researchers. This
situation may contribute to filling in the existing gaps regard-
ing concepts, language and communication that currently
prevail among land users and soil specialists.

Conclusions

The combination of methodological tools used by socia
and environmental sciences allowed us to know and interpret
the ethnopedological knowledge of the indigenous communi-
ty of Zoyatlan, as well as to relate the environmental, social
and cultural factors upon which such knowledge is based.

Ethnopedologic knowledge is synthesized in a classifi-
cation system based on the aptitude of the natural land use.
This classification is expressed at different hierarchical lev-
els, which are assigned to specific land uses in terms of the
most important limitations for the production of basic crops.
This management reflects the natural limitations of commu-
nity’s soils and also highlights those factors which are partic-
ularly interesting for local residents.

Although the socioeconomic factors usually affect the
management traditionally assigned to each soil type, it is
worth mentioning that in several cases the topsoil showed a
set of pedological physical and chemical propertiesindicative
of adequate soil management. Thisis likely to be a result of
the knowledge and rational use of the soil, which, as much as
possible, recognizes its suitability and natural limitations.
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Figure 6. Diagram illustrating the elaboration process of the cartogra-
phy that shows the spatial distribution of the parametric index for top-
soil thickness (TsT). The map illustrates the spatial distribution of repre-
sentative soil profiles at Zoyatlan (1=Tla capochtic; 2=Tlaltezoquitl;
3=Texalli; 4=Tlachichiltic; 5=Xalli; 6=Tlalnextli; 7=Tepetatl). Their
correspondence to those categories that summarize the topsoil thickness
characteristics of each soil type are also shown.

Local soils are characterized by some unique properties
that are little known to soil science classifications. All these
properties are related to topsoil fertility, and they arelikely to
be the result of a positive anthropization process that has
taken place for centuriesin the community lands.

The parametric tools allow for the integration of the var-
ious criteria involved in the indigenous classifications. Their
acceptance and implementation is feasible because they have
emerged from an environmental and sociocultural reality. The
multifactorial basis of these methods is a condition that al-
lows for the inclusion and combination of variables measured
on different scales (e.g. social, economic, and environmen-
tal). Moreover, itsresults can be represented in different ways
(diagrams, tables, maps), which help simplify its interpreta-

tion by different users. The use of parametric methods is a
valuable avenue to pursue dial ogue between peasants and soil
science specialists, leading to the construction of a common
language between primary resource users, extension workers
and soil scientists. Such conditions will alow us to establish
conceptua and methodological toolsthat can facilitate thein-
tegration of local and scientific knowledge of soils.

Endnote
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Appendix

Soil Analyses

All the physical and chemical analyses were performed on air-dried samples, sieved through a 2 mm mesh.

Soil Analyses Method
Physical
Sail colour (moist and dry) Determined by comparation to Soil Color Charts (Munsell 1992).
1. Soil texture Determined by the USDA-SSS method (1994).

2. Soil particle density (PD)
3. Sail bulk density (BD)

Sail porosity

Based on the BD an PD values (%Porosity = 1-BD/PD(100).

Sail erodability

Assessed in accordance with Wischmeier's nomogram (Wischmeier and Smith 1978).

Soil water retention

Determined through a semi-quantitative method, through the loss of weight of the soil sam-
ple, initially saturated and then air-dried (SCS-USDA 1984).

Chemical

Soil pH (H,0 1:1; KCI 1:1;
NaF 1:50)

Determined by the SCS-USDA method (1984).

Soil total organic matter

Determined with the procedure described by Blakemore et al. (1981).

Sail total nitrogen

Determined with the procedure described by Blakemore et al. (1981).

1. Cation exchange capacity
2. Extractable Caz*, Mg?*,
Naz+ and K1+

Both determined by the SCS-USDA method (1984), extracted with IM NH4OAc to pH 7.

Sail total phosphorus

Determined with the procedure described by Blakemore et . (1981).

Micromor phological

Soil micromorphology

Thin sections were prepared with the soil samples impregnated with the Crystal MC-40
resin, and later examined under the petrographic microscope (Bullock et al. 1985).
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