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Abstract

Background: The traditional ecological knowledge of land of the Ch'ol originary people from southeast Mexico
forms part of their cultural identity; it is local and holistic and implies an integrated physical and spiritual worldview
that contributes to improve their living conditions. We analyzed the nomenclature for soil classification used in the
Mexican state of Tabasco by the Ch'ol farmers with the objective of contributing to the knowledge of the Maya soil
classification.

Methods: A map of the study area was generated from the digital database of parcels in the ejido Oxolotan in the
municipality of Tacotalpa, to which a geopedological map was overlaid in order to obtain modeled topographic
profiles (Zavala-Cruz et al,, Ecosistemas y Recursos Agropecuarios 3:161-171, 2016). In each modeled profile, a soil
profile was made and classified according to IUSS Working Group WRB (181, 2014) in order to generate a map of
soil groups, which was used to survey the study area with the participation of 245 local Ch'ol farmers for establishing
an ethnopedological soil classification (Ortiz et al.: 62, 1990). In addition, we organized a participatory workshop with 35
people to know details of the names of the soils and their indicators of fertility and workability, from which we selected
15 participants for field trips and description of soil profiles.

Results: The color, texture, and stoniness are attributes important in the Ch'ol nomenclature, although the names do not
completely reflect the visible characteristic of the soil surface. On the other hand, the mere presence of stones is sufficient
to name a land class, while according to IUSS Working Group WRB (181, 2014), a certain amount and distribution
of stones in the soil profiles is necessary to be taken into consideration in the name. Perception of soil quality by
local farmers considers the compaction or hardness of the cultivable soil layer, because of which black or sandy

soils are perceived as better for cultivation of banana, or as secondary vegetation in fallow. Red, yellow, or brown
soils are seen as of less quality and are only used for establishing grasslands, while maize is cultivated in all soil classes.

Conclusions: Farmers provided the Ch'ol nomenclature, perceived problems, and uses of each class of soil. Translation
of Ch'ol soil names and comparison with descriptions of soil profiles revealed that the Ch'ol soil nomenclature takes
into account the soil profile, given it is based on characteristics of both surface and subsurface horizons including color
of soil matrix and mottles, stoniness, texture, and vegetation.
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Background

In recent years and in different parts of the world, the
importance of local knowledge has been reassessed for
the evaluation of natural resources such as soil [1-3],
plants [4], animals [5], and ecosystems [6].

During the past four decades, local knowledge of soil
has been revalued, yet it has not always been properly
understood [7, 8]. Criticism of ethnopedological studies
has been based on three premises: (a) farmers only con-
sider the properties of the superficial layer [1, 2], (b) local
soil nomenclature is difficult to apply in soil classification
systems [2, 8, 9], and (c) the value of indigenous know-
ledge is limited to the area in which it developed [1, 2].

These premises have already been invalidated by com-
pelling evidence, [10] reported the existence of the Maya
term Kan kab Lu'um—meaning “soil yellow under” al-
luding to the subsurface horizon—and elaborated a hier-
archic scheme of Maya soil classification. Evidence is
still needed to apply ethnopedological knowledge to the
study of extensive territories, as did [11], who applied
the soil Maya nomenclature throughout the Mexican
state of Yucatan.

However, there is agreement about the practical utility of
traditional, local, indigenous, and peasant knowledge for
the promotion of agricultural, forestry, and livestock devel-
opment, because it is an essential communication channel
between technicians and local farmers [1, 2, 10, 12].

Traditional ecological knowledge is the product of a
cumulative and dynamic process of experiences, which
unlike scientific knowledge, is local and holistic and im-
plies an integrated physical and spiritual worldview.
Such knowledge is part of the cultural identity of indi-
genous societies and contributes to improve their life
conditions [1, 2, 9-13].

The Ch'ol is a Maya ethnic group originary of the state
of Chiapas that emigrated to Tabasco in the 1960s, mak-
ing their case to be particular. Their communities have
to adapt to a new environment by adding to their eco-
logical and agricultural tradition the newly acquired
adaptive knowledge.

The objective of this study was to analyze and record
the knowledge of soils of the Ch'ol farmers in order to
contribute to the Maya soil classification.

Methods

Description of the study area

The Ch'ol from the community of the ejido Oxolotdn—
within the municipality of Tacotalpa in the state of
Tabasco, Mexico—belong to an ethnic group of Maya
origin that was initially settled in the vicinity of the
Lacandon jungle in the state of Chiapas. In the decade
of the 1960s, a group of Ch'ol people moved to Oxolotian
due to its proximity and to the similarity of the climate
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and vegetation relative to those in their place of origin.
In the Chol culture, the elders are respected for their
wisdom about cultivation of the milpa. Their primary ac-
tivity is agriculture, focused on the cultivation of maize,
banana, cocoa, and vegetables and the raising of cows in
small areas of grasslands and of pigs and chickens in
backyards [14].

The ejido Oxolotan is located within the Sierras de
Chiapas and Guatemala physiographic province. Geo-
morphologically, the landscapes are formed by inter-
montane valleys, hills, and mountains with elevations of
40 to 1020 m a.s.l. and slopes of between 6 and 100%.
Soil parent materials can be clastic detrital rocks, lime-
stones, sandstones, limonites, shales, and conglomerates
[15]. The climate is Af(m), defined as warm humid with
year round rains. Vegetation is composed of the last
remnants of the Tabasco rain forest [16].

Soil survey

The National Agrarian Register (Registro Agrario
Nacional) provided the digital database of parcels form-
ing the ejido Oxolotin. The resulting map of parcels was
overlaid to the geopedological map.

A communitarian assembly was held to present the
project, and 245 farmers were invited to participate vol-
untarily in a community workshop in which spontan-
eously, and in an open dialog, they were inquired about
the knowledge of their lands and more specifically about
their identification, nomenclature, use, and management
[10, 17]. A total of 35 people participated in the work-
shop, but the largest amount of information was pro-
vided by 15 selected participants who were permanent
residents of the community, were dedicated to agricul-
tural activities, and spoke the Ch’ol language.

In the field, four sites of each soil group—which were
previously selected on the previously elaborated geope-
dological map—were visited with individual participants.
On the ground, the following questions were asked to
participants: How is this soil called? Why do you call it
that? How is this soil? How do you distinguish one soil
from another? Is this soil the same as that of the neigh-
boring plots? How do you distinguish the boundaries be-
tween soils? How many types of soils are there in the
region? What plants do you cultivate in this soil? Which
is the most productive soil? For how long have you been
cropping in this soil? How do you recognize that the soil
is being lost?

Prospection of the study area was made in the field
with participation of local farmers. Soil profiles were de-
scribed according to the manual of [18] and samples
were taken from each one of the horizons in the soil
profiles (Fig. 1).

Soil samples were taken to the laboratory for analysis
of pH [19], electrical conductivity (EC) [20], total
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organic matter content (OM) [21], cation exchange cap-
acity (CEC), exchangeable cations [22], and concentra-
tion of phosphorous (P) [23]. Table 1 shows the physical
and chemical characterization of the Ch'ol land classes.
Based on soil profiles, soils were classified according to
the WRB 2014 classification [24].

Results

Description and classification of soils

The Ch'ol of the community of Oxolotdn use two types
of categories to classify and name their soils. Some cat-
egories are qualitative and can be perceived by the
senses, such as color, texture, stoniness, and color of the

topsoil or the underlying layer. Other categories are
based on the capacity for agricultural use of land and
plant cover. In the best classes of soil any crop can be
developed, while in the regular or bad soils, only milpa
can be cultivated. The Ch'ol soil classification considers
the superficial compaction (hard or soft) and the prob-
lems soils present for management (erosion and land de-
pletion). With a sample of 10% of the Ch’ol population
of the Oxolotdn community, there was a general consen-
sus of around 90% on the criteria for classifying and
naming their soils. Ninety-one percent of the inter-
viewees were capable to identify and name the best and
worst soils, the crops that could be established in each
one, and the problems presented by each soil class.
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Table 1 Physical and chemical characterization of the Ch'ol land classes

Ch'ol soil class Ho pH EC oM p BSP K Ca Mg Na CEC Clay  Silt  Sand
H0)  @dsm™) (%)  (mgkg) Cmol® kg™ )
Yiq'uel lum Ap 7.56 263 320 392 747 028 1048 021 010 1481 26 5 69
C1 8.04 1.70 0.39 3.73 873 025 905 066 010 1152 24 2 74
Q2 8.08 1.70 046 377 903 024 1101 078 010 1344 26 5 70
a3 8.04 1.69 0.26 398 79.1 0.31 1132 085 010 1591 18 27 56
2C4 787 191 0.77 3.76 738 037 1244 085 010 1865 28 25 48
Chachac lum/chachaclumil A1 581 097 467 376 615 029 1077 234 010 2194 36 33 31
A2 534 0.56 2.26 365 493 022 857 166 010 2139 38 32 31
Bw 511 0.38 049 3.63 369 031 7.75 176~ 010 2688 40 31 29
C 5.07 029 016 383 458 021 632 166 010 1810 34 28 38
Kan kab lum Ap 589 1.87aad 6.78 3.77 400 040 1309 231 010 3979 34 31 35
Bt1 6.07 1.83 484 370 484 027 853 194 009 2238 48 33 19
B2 612 1.18 198 394 606 026 1104 138 009 2108 60 31 9
Jifl lum or ji'lumil Ap 5.84 0.90 565 444 420 029 898 194 009 2683 34 31 35
Bt1 6.19 1.27 3.25 4.69 399 023 962 166 009 2907 48 29 23
B2 662 132 202 460 595 027 1888 164 009 3510 54 21 25
Lum amba ti xajlelol Ap 5.54 0.78 491 461 529 050 598 098 009 1426 28 33 39
A2 522 0.58 2.35 4.64 499 035 560 1.07 009 1426 33 34 33
Bt1 5.16 027 122 448 158 019 162 088 009 1755 41 30 29
B2 494 025 020 461 209 018 281 103 010 1975 41 22 37
Chac lum or Chac lum Al 743 232 150 433 193 024 631 1.04 010 3979 17 20 63
@ 7.85 1.88 072 468 452 020 880 103 009 2238 15 20 65
2 7.74 2.08 143 4.56 432 019 781 1.01 009 2108 17 20 63

P, Ca, Mg, and Na correspond to the chemical element symbols

Abbreviations: Ho horizon, EC electric conductivity, OM organic matter, CEC cation exchange capacity, pH hydrogen potential

The six classes of soils were identified and named by
local farmers according to their attributes of surface
color, texture, stoniness, and color of the subsurface
horizon, as described below (Table 2).

Yiq'uel lum (fertile fluvial black soil)

The Ch'ol term yiquel refers to river and the term lum
means soil; however, when speaking Spanish, local farmers
call these soils tierra negra, meaning black soil, because of
which it may be proper to refer to these soils as fertile flu-
vial black soils. Ch'ol farmers perceive that manageability of
these soils is intermediate, meaning their hardness or com-
pactness is intermediate (Table 2). The participants referred
to these soils as suitable for growing maize, bananas, yucca
(manioth, Manioth esculenta), and forest trees such as
cedro (Spanish cedar, Cedrela odorata). Other uses of these
soils are for home gardens and for secondary vegetation in
fallow (in Spanish, acahuales or monte).

Ji'il lum or ji'lumil (sandy soils)
The Ch'ol names ji’il lum and ji'lumil mean sand or
sandy soil. Local farmers think these soils are suitable

for growing maize and bananas and that their quality is
regular or bad, because of which they are generally used
for grasslands, milpa, and secondary vegetation. Ch'ol
farmers said that the main problems of these soils are
the landslides; a phenomenon known locally as yejmel,
this term is translated to Spanish as derrumbe.

These soils (ji’il lum or ji'lumil) develop in alluvial
islands and in river margins (Fig. 2) and have only a
shallow A horizon (15 cm deep) over a C horizon going
from 15 to 70 cm in depth, under which there is parent
material formed by rocks and rounded pebbles evidencing
fluvial processes during soil formation. The color of the
surface is brown (10YR3/2), and the C horizon is yellowish
brown (10YR4/2) above and in the deeper part it turns
brown (10YR3/3) due to eluvium and illuvium of organic
matter. The texture of these soils makes them highly per-
meable, and their structure is moderately developed in the
surface, but weakly developed in deeper horizons. Their
consistency is friable, sticky, and slightly plastic.

According to technical description, these soils correspond
to fertile fluvial black soils and have a brown (10 YR4/3) Ap
horizon over a yellowish brown (10YR5/6) C horizon. Their
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Table 2 Names and characteristics of the Ch'ol land classes and their equivalent technical names

Ch'ol name  Description WRB soil group Fertility/workability Crops Problems for
agricultural use
Yiq'uel lum Black land fertile Calcaric Fluvisols (Loamic) Good/soft Home garden/acahual® Insufficient fallow period
of the riverside
Chachac lum/ Reddish soil in Leptic Chromic Dystric Cambisol Home garden/pasture/ Erosion
chachaclumil - the C horizon (Loamic) milpab/acahual
Kan kab lum  Yellow soil Leptic Luvisol Regular/regular Erosion
in B horizon (Clayic, cutanic, epidystric, humic)
Jifil lum Sandy soil Leptic Calcaric Fluvisol (Loamic) Good/soft Milpa and banana Insufficient
or ji'lumil cultivation fallow period
Lum amba Stony soil or without Hyperskeletic Leptosol/Skeletic Bad/hard Milpa Erosion
ti xajlelol vegetation cover Leptic Luvisol Clayic, Cutanic, Epidystric
Chac lum Red land Leptic Rhodic Alisol (Cutanic) Regular/regular Milpa’/home garden Erosion
or Chac lum  (with red mottles)

Notes: °Nahuatl term for naming an abandoned milpa (land that a few years ago was milpa and is now covered by trees)

PMaya term for naming the traditional management of maize cultivation

structure is well-developed polyhedral with fine to medium
subangular blocks.

Chachac lum or chachaclumil (soil red under)

The Ch'ol term chachac lum or ch ch clumil
means red soil, but refers to the color of the subsoil,
given that the color of the soil surface is brown.
These soils are used for cultivating cocoa trees, ba-
nanas, and forest trees and are considered by farmers
as of good quality, but mentioned that their manage-
ment is difficult because of their hardness. Red soils
develop on hills, plateaus, and hill summits. Accord-
ing to local farmers, the major problem associated to
these soils is their erosion.
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Fig. 2 Methodological diagram

The profile of these soils presents a 35-cm-deep A
horizon of dark yellowish brown (10YR4/4) color that is
slightly lighter (10YR5/4) in the upper 10 cm. Between
35 and 60 cm in depth, there is a Bt horizon with char-
acteristics similar to those of the A horizon; between 60
and 87 cm in depth, there is a light red (5 YR 6/8) C
horizon; and from 87 cm deep, there is continuous
weathered rock. Along the profile, the structure is
strongly developed in fine to medium subangular blocks
and their texture is clayey loam. Porosity is frequent
throughout the profile, becoming slightly more abundant
in the A horizon. Medium and fine roots are frequent
and there is presence of earthworms.

K’an kab lum (soil yellow under)

The meaning of the Ch'ol name of this soil class is
“yellow under,” which makes reference to the color of
the B horizon. In the study area, the more common use
of yellow under soils is for milpa, grassland, and second-
ary vegetation, although home gardens are also present
in it. Their main risk of degradation is from erosion.
These soils are located in plains and small hills.

Drainage is good throughout the profile. The surface
presents a dark brown (10YR2/2) A horizon reaching
35 c¢m in depth with few stones. In depths above 35 cm,
there is an irregular B horizon with accumulation of
brown (10YR3/2) and alternating yellowish brown (10 YR
4/4) clay illuvium. The A and B horizons are underlain by
parent material of limonite and sandstone at a depth of
less than 90 cm. Along the profile, there is strongly devel-
oped structure of fine, medium, and large polyhedrons
and subangular blocks, and the texture is of clayey loam
giving these soils a friable, sticky, and plastic consistence.

Lum amba ti xajlelol (rocky or bare soil)
The Ch'ol name lum amb  ti xajlelol means soil with-
out herbaceous plant cover. For Ch'ol farmers, these
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soils are hard and difficult to work, and their main
causes of degradation are erosion and landslides. They
are generally used as cropland, mainly for growing
maize. These lands are unsuitable for cultivation due to
compaction and stoniness. However, the Ch'ol value
these soils because they can at least grow maize on
them, besides that the largest area of the Oxolotdn lands
corresponds to this soil class.

The stony or bare soil areas include two different soil
types that are an association of Hyperskeletic Leptosol
and Leptic Luvisol (Clayic, cutanic, epidystric, humic).
Due to the high number of rock croppings in these soils,
they are mainly identified as having large amount of
rocks and scarce amounts of fine soil, characteristics that
perfectly match with their designation as rocky soils.
These soils distribute on convex hill slopes, and in the
presence of erosion, they display rock croppings.

In places where fine soil is more abundant, soil is shal-
low, although they have a considerable development,
which is evidenced by presence of a thin, approximately
15-cm-thick A horizon containing over 5.5% of organic
matter, which gives it a dark brown (10YR2/2) color that
becomes lighter with depth. The color of the B horizon
goes from brown (10 YR 3/2) to yellowish brown
(I0YR5/4). In the surface, the texture is clayey loam and
becomes more clayey at increasing depths. These soils
generate a strongly developed structure along the profile,
mainly in polyhedrons and subangular blocks, and a
sticky and plastic consistency.

Chac lum (soil with red mottles)

The Ch'ol name chac lum is literally translated as red soil,
but it refers to the red mottles present in the soil matrix.
These soils are hard and are difficult to work with, be-
cause of which they are used for grasslands and maize cul-
tivation. The main restriction for agriculture of these soils
is their risk of erosion, because of which local farmers
categorize this soil class as of regular quality. According to
the Chol, these lands are easy to distinguish and they
know where they are distributed, besides that in these
places the grass does not grow because the land is fatigued
(their fertility has been depleted). Therefore, it is necessary
to let them rest during the dry season.

Red mottled soils develop on convex hill slopes, be-
cause of which they have adequate drainage with donor
character. The A horizon is approximately 20 cm deep
and is underlain by a B horizon between 20 and 60 cm
in depth. Below the B horizon, there is a layer of cemen-
ted, impermeable material going to a depth of 100 cm.
The surface is brown (10YR3/2) with common fine,
subtle dark red (7.5YR3/2)-colored mottles due to a
combination of organic matter and oxidized clays, colors
that in the B horizon become yellowish to yellow brown
(10 YR 5/4 to 10 YR 6/6).
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Discussion

The consensus level in the answers on the ethnic know-
ledge of the soil nomenclature and land use was 91%;
only 9% of the interviewees could not give a precise term
to the different land classes that were presented during
the workshop and the field tour. To the question of why
the inhabitants considered that some people were unable
to give a correct name to the land classes, 85% of the in-
terviewees attribute it to the fact that the Ch'ol language
has many variants, since there is a Ch'ol language that
arrived with the people originated from Tila, Chiapas,
who came to Oxolotan in the middle of the past century,
while there are other people who were already in the
place and that dominated the Zoque language—a
language of different origin from the Maya—so there is
currently a mixture between both dialects [25]. Another
factor of heterogeneity of the information is the age and
activity of the people, according to the interviewees, the
youngest people of the community—not totally dedi-
cated to the agricultural activity—do not speak the Ch'ol
language correctly or can fall into inaccuracies when
they offer information.

The yiq'uel lum and ji’il lum or ji'lumil soils corres-
pond to Fluvisols [15]. In the case of the ejido Oxolotan,
although its formation is conditioned to flat reliefs lo-
cated between hills, it allows the organic or inorganic
sediments to accumulate as in valleys, marginal islands,
or even riverbanks. In this sense, the ethnic knowledge
had very present the importance played by the relief in
soil nomenclature, which allowed 100% of Ch'ol farmers
to distinguish clearly between yiquel lum and ji’il lum
or ji'lumil across the proximity to a river, and although
the term yiq'uel lum refers to the black color of the land,
in the worldview of the Ch'ol, it is clear that this color is
due to the presence of the river that enriches the lands.

Other criterion utilized by the Ch'ol is soil color, some
examples of that are the cases of the chachac lum or
ch ch clumil, kan kab lum and chac lum soil classes.
However, the difference between these soil classes is per-
ceptible to 91% of the Ch'ol farmers, since the chachac
lum or ch ch clumil and kan kab lum soils have a
perceptible color contrast between surface and sub sur-
face horizons, while the chac lum soils lack that con-
trast. Both the Maya and the Ch'ol use this same
criterion to classify and name soils, as well as to
recognize the limitations that these have for cultivation
of milpa, so the supply of manures, manual tillage, and
use of cover crops are common practices that the Maya
use to conserve their soils [10], something that is not
observed among the Ch'ol community.

Yiq'uel lum is classified as Leptic Calcaric Fluvisol [24],
having a primary qualifier Leptic (le) means that they con-
tinuous rock < 100 cm from the soil surface, in addition to
presenting a Calcaric (ca) supplementary qualifier.
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The yiq'uel lum soils are similar to the ji’il lum or ji'lu-
mil soils; however, the Ch'ol indicate that in addition to
the superficial dark color, another way of identifying these
soils is their proximity to the river bank, the yiguel lum
being further away from the river bed and capable of de-
veloping any crop, while ji’il lum or ji'lumil soils are at the
river bank and only banana is grown. However, although
both soils are similar for the Ch'ol and the names do not
reflect a single specific characteristic observable in each
soil class, they imply other important aspects such as their
location in the landscape as well as their capacity for agri-
cultural use, as is the case of the Mayan soil names in the
state of Yucatan [10, 11, 26].

Yig'uel lum and ji’il lum or ji'lumil are two soil classes
that have the same technical name (Leptic Calcaric
Fluvisol) [24] according to the international nomencla-
ture system, but for the Ch'ol farmers, the difference be-
tween the two classes is their location in the landscape.

The Chol nomenclature considers attributes that are
not visible on the soil surface. The classes chachac lum or
c¢h ch clumil and kan kab lum correspond to Chromic
Dystric Cambisol (Loamic) and Leptic Luvisol Clayic
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(Cutanic, epidystric, humic), respectively, according to the
classification of [24]. Both names refer to the clay content,
which requires mechanical analysis for its determination,
but the ethnic communities do not limit their observation
to the soil surface, an example being the term kan kab
luw'um which is used by the Maya to indicate the presence
of a yellow horizon below the surface [10, 27].

The terms chachac lum or ch ch clumil and kan
kab lum refer to the color of the subsoil. For the first
time, it is reported that the name of a soil (chachac lum
orch ch clumil) is due to the color of the mottles in-
stead of the color of the soil matrix. The Ch'ol indicate
that both soils are similar, although the chachac lum
soils are softer and deeper than the kan kab lum soils.

This Ch'ol soil name is similar to chac lu'um of the
Maya soil classification, but the terms are not equivalent
rather being synonyms [7, 10, 27] (Fig. 3).

The Ch'ol nomenclature of the soil classes is similar
to other ethnic nomenclatures, particularly in the
breadth of the terminology, since the farmers recognize
soils with an accuracy of more than 90% in the pres-
ence of rocks and other characteristics visible in the

Luum
(Soils)

I—I—I

Pu'uc lu'um
(organic Soils)

| (mineral soils) |

layers)

(soils with color contrast
between its horizons or

Kakkab lu'um (Soils slightly modified by
(Soils highly modified by man with man)
archaeological remains and high

phosphorus)

I I |
soils with little Yaxx kom Kan kab lu'um; EkK' lu’ um; Chak lu'um Pupuski lu'um
space for the root Ak’ al che' Chachac lum/ hachaclumil; (solls without color Ji'il lum 6 ji'lumil
growth (Flooded soils) Yig'uel lum contrast between (Sandy soils)

its horizons or
layers)

|

Rocky soils
Tzek'el lu'um (Promontory-shaped rock)
Chaftin lu'um (Sheet-shaped rock)
Pus lu'um (Sheet-shaped rock with black land)
Hay lu'um (Sheet-shaped rock with land of several colors)
Sak lu'um (Sheet-shaped rock with gray land)

Stony solls
Ch'och’ol lu'um (Median stones)
Ch'ich lu'um (Gravels)
Box lu'um (more black land than stone)
Lum amba ti xajlelo/ (stony o Land without
vegetation).

Fig. 3 Mayan soil classification and the new contributions of the Ch'ol soil nomenclature
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Table 3 Local criteria for soil classification used by several ethnic groups of Mexico

Criteria Ch'ol Maya

Purépecha Nahuatl/Otomi Mixe

Climate and altitude Landscape
at the local or
regional level.

Landscape

Color of the horizons Color of the horizons,
(matrix and mottles),
stoniness, rockiness,

moisture

Organoleptic
properties.
gravel content, rockiness
(shape and abundance),
moisture, depth

Quality/fertility Texture, compaction, Organic matter, texture

salinity
Productive Good soils All soils have uses
capacity Bad soils
Workability Loose/hard

(Consistence)

Land use/coverage  With or without

vegetation herbs/specific trees for each
soil and other soils without
vegetation
References Own elaboration [10, 30-33]

stoniness (size and abundance) stoniness

Hydrophilic plants/seasonal

Climate/landscape Landscape Landscape

Color of the horizons, Soil color, Soil color, stoniness,
stoniness, moisture moisture

Organic matter, Texture plasticity ~ Texture, plasticity, salinity

texture compaction and compaction
Good soils Currents  Good soils Good soils

Bad soils Bad soils
Loose/Soft Loos/hard Loose/hard
Forest land/crop land
[29] [12, 34] [3]

landscape, for example, low vegetation or the difficulty
of work.

The original names of soil classes indicate the char-
acteristics or properties that identify it, such as the
color of the matrix and mottles, texture, stoniness,
rockiness, consistency, retention of humidity, tillage,
and fertility, among others [28]. In addition, farmers
use the names of the soil classes to locate them geo-
graphically [8].

The stoniness and rockiness are attributes utilized as
classification criterion, both in the technical [24] and in
the ethnic [10, 11, 26, 29-33] classifications (Table 3).
The difference is that in the indigenous classifications
such as the Maya, the stoniness and rockiness is a
property that determines the name of the soil (Fig. 3),
while in technical soil classifications, this is not the case
with the exception of the Leptosol group in WRB clas-
sification [24].

Both the Maya and the Ch'ol soil classifications have
names for sandy soil, such as pupuski lu'um and ji’il
lum, the former referring to Arenosol [10, 27] and the
latter to Fluvisol. The Ch'ol term [um is nearly equiva-
lent to the Maya term /u’um, both meaning soil. Ch'ol
farmers classify the quality of soil by means of properties
such as the degree of superficial hardness or workability,
ranging it from regular to bad. According to [34], the
farmer’s conception of quality of soil types corresponds
not only to the soil’s attributes but also to the identifica-
tion of advantages and limitations of the environment
and the soil (ie, fertility, humidity, drainage), which
translates into technology adapted to specific conditions.
As found by [3] in Oaxaca, the nomenclature given by
Chvol farmers to soil classes is based on their perception

of humidity retention, size and content of clasts, and
color of mottles.

Conclusions

Precise translation of names given by Ch'ol farmers to
soil types and their comparison with technical descrip-
tions of soil profiles revealed that they take into account
subsurface horizons, soil matrix and mottle colors,
clasts, texture, and presence of vegetation.

Our study found two cases of inclusion of subsurface
horizons in Ch'ol soil nomenclature: (a) the term kan
kab Ium meaning yellow soil below in reference to
horizon B and (b) chachac lum or ch ch clumil in ref-
erence to the red color of mottles in the C horizon.

The Ch'ol farmer’s perception of soil quality is primar-
ily associated with the degree of compaction or hardness
of the cultivable soil layer, because of which black or
sandy soil is considered favorable, but red soil is consid-
ered undesirable due to its superficial compaction. Maize
cultivation is distributed in all classes of soil, while
grasslands are restricted to minor quality soils, such as
red, yellow, or brown and red, and the best quality soils
(black and sandy) are considered to be suitable for ba-
nana cultivation.

Abbreviations

Af(m): Warm humid with year round rains; CEC: Cation exchange capacity;
EC: Electrical conductivity; OM: Organic matter; pH: Hydrogen potential;
PSB: Base saturation percent; WRB: World Reference Base

Acknowledgements

The authors acknowledge the aid and support provided to this study by the
farmers and authorities of the Oxolotan ejido, in the municipality of Tacotalpa,

Tabasco, and the National Agrarian Registry (Registro Agrario Nacional, RAN) for

cartographic information of the ejido. Thanks are also given to Edgar D. Shirma



Sanchez-Hernandez et al. Journal of Ethnobiology and Ethnomedicine (2018) 14:38

Torres, Dolores Sénchez Herndndez, and Delfino Sénchez Gomez for their
support during the fieldwork.

Availability of data and materials
Please contact the author for data requests.

Authors’ contributions

LMC carried out the soil surveys and peasant interviews. RSH made the first
version of the Ch'ol nomenclature for soil classification in the ejido Oxolotén,
Tacotalpa, Tabasco, Mexico. FBZ improved the Ch'ol nomenclature for soil
classification and reviewed previous versions of the paper. DPL classified the
soils according to the criteria of the WRB system. RSH and FBZ wrote the
final version of the paper. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Division de Ciencias Agropecuarias, Universidad Jurez Auténoma de
Tabasco, Carretera Villahermosa-Teapa km. 25, Rancherfa La huasteca, 86280
Centro, Tabasco, Mexico. “Colegio de Postgraduados, Campus Tabasco,
86500 Cardenas, Tabasco, Mexico. *Centro de Investigaciones en Geografia
Ambiental, Universidad Nacional Auténoma de México, Antigua Carretera a
Patzcuaro nim. 8701, col. Ex-hacienda de San José de la Huerta, C. P. 58190
Morelia, Michoacan, Mexico.

Received: 19 September 2017 Accepted: 9 May 2018
Published online: 30 May 2018

References

1. Ettema H: Indigenous soil classifications: what is their structure and function,
and how do they compare to scientific soil classifications? (On line): University
of Georgia. http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.156.
2425&rep=rep1&type=pdf. Consulta: 12 de Marzo de 2017, 1994.

2. Krasilnikov P, Tabor J. Perspectives of utilitarian ethnopedology. Geoderma.
2003;111:197-215.

3. Mariles-Flores V, Ortiz-Solorio CA, del Carmen Gutiérrez-Castorena M,
Sénchez-Guzman P, Cano-Garcia MA: Las clases de tierras productoras de
maguey mezcalero en la Soledad Salinas, Oaxaca: Revista Mexicana de
Ciencias Agricolas. 2016, 7(5): 1199-1210.

4. Flores S, Bautista F. Knowledge of the Yucatec Maya in the management of
the seasonal tropical forest: the forage plants. Rev Mex Biodiv. 2012,83:503-18.

5. Nobrega R, Silva M. Ethnozoology: a brief introduction. Ethnobiol Conserv.
2015;4:1-13.

6. Reyes-Garcia V, Marti-Sanz N. Etnoecologfa: punto de encuentro entre la
naturaleza y la cultura. Ecosistemas. 2007;16(3):46-55.

7. Pérez J. Caracterizacién y utilizacién de la clasificacién maya de suelo
en el municipio de Oxcutzcab Yucatan. Chapingo: Thesis of agronomist
UACh; 1984. 138 p.

8. Pdjaro D. El Levantamiento de Suelos y su Relacion con la Clasificacion y
Cartografia de las Clases de Tierras Campesinas: Meta-Carto-Semiotics. Journal
for Theoretical Cartography for Theoretical Cartography. 2015;8:1-22.

9. Duch J. La nomenclatura maya de los suelos: una aproximacion a su
diversidad y significado en el sur del estado de Yucatan. In: Bautista F,
Palacio G, editors. Caracterizacion y manejo de suelos en la Peninsula de
Yucatan. México: UACAM-UADYINE; 2005. p. 73-86.

10. Bautista F, Zinck JA. Construction of an Yucatec Maya soil classification and
comparison with the WRB framework. J Ethnobiol Ethnomed. 2010,6:7.

11. Palma DJ, Bautista F. Technology and local wisdom: the Maya soil
classification app. Bol Soc Geol Mex. 2018; in press

12. Ortiz C, Gutiérrez-Castorena C, Licona-Vargas A, Sanchez-Guzman P.
Contemporary influence of indigenous soil (land) classification in México.
Eurasian Soil Sci. 2005;38(Suppl 1):89-94.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

Page 9 of 9

Reyes-Garcia V. Conocimiento ecoldgico tradicional para la conservacién:
dindmicas y conflictos. Papeles. 2009;107:39-55.

Cano-Contreras E J, Martinez-Martinez C, Balboa-Aguilar CC. La “abeja de
monte” (insecta:apidae, meliponini) de los choles de Tacotalpa, Tabasco:
conocimiento local, presente y futuro. Etnobiologia. 2013;11(2):47-57.
Zavala-Cruz J, Jiménez R, Palma JD, Bautista F, Gavi F. Paisajes
geomorfolégicos: base para el levantamiento de suelos en Tabasco, México.
Ecosistem Rec Agropec. 2016;3(8):161-71.

Palma DJ, Cisneros DJ. Plan de uso sustentable de los suelos de Tabasco.
México: Instituto para el Desarrollo de Sistemas de Produccién del tropico
Humedo de Tabasco, Gobierno del Estado de Tabasco; 2000. p. 26.

Ortiz CA, Péjaro D, Ordaz VM. Manual para la cartografia de clases de tierras
campesinas, Serie Cuadernos de Edafologia 15. Centro de Edafologia,
Colegio de Postgraduados: Montecillo; 1990. p. 62.

Cuanalo H: Manual para la descripcion de perfiles de suelos en el campo. Tercera
edicion: Chapingo. Centro de edafologia, Colegio de Postgraduados, 1990, 40 p.
Jackson L. Soil chemical analysis. Prentice- Hall: Englewood Cliffs; 1964. p. 907.
Rhoades D. Electrical conductivity methods for measuring technique for
reconnaissance surveys of soil salinity hazards. Aust Mapping Soil Salinity
Adv Agron. 1993;49:201-51.

Walkley A, Black A. An examination of the Degtjareff method for
determining soil organic matter and a proposed modification of the cromic
acid titration method. J Amer Soc Agron. 1932;24:256-75.

Reeve G, Sumner E. Cation exchange capacity and exchangeable aluminum
in Natal Oxisols. Soil Sci Soc Am J. 1971;35(1):38-42.

Olsen R, Sommers E. Chemical and microbiological properties. In: Page AL,
Miller RH, Keeney DR, editors. Methods of soil analysis, part 2. 2nd ed. USA:
American Society of Agronomy, Inc. SSSA; 1982. p. 416-8.

IUSS Working Group WRB, World Reference Base for Soil Resources 2014.
International soil classification system for naming soils and creating legends for
soil maps. In: World soil resources reports no. 106. Rome: FAO; 2014. p. 181.
Harrison M, Harrison R, Garcia HC. Diccionario Zoque de Copainald. México:
Instituto Linguistico de verano; 1981. https.//www.sil.org/system/files/
reapdata/16/98/58/169858871566458451034982448304758588708/z0C_
diccionario.pdf. Consultation date: April 9, 2018.

Jensen C, Moriarty MD, Johnson KD, Terry RE, Emery KF, Nelson SD. Soil
resources of the Motul de San José Maya: correlating soil taxonomy and
modern Itza Maya soil classification within a classic Maya archaeological
zone. Geoarchaeology. 2007;22:337-57.

Bautista F, Maldonado D, Zinck AJ. La clasificacion maya de suelos: Ciencia y
desarrollo. 2012,260:64-70.

Ortiz-Solorio CA, Gutiérrez-Castorena MC. La etnoedafologia en México una
vision retrospectiva. Etnobiologfa. 2001;1:44-62.

Pulido J, Bocco G. Conocimiento tradicional del paisaje en una comunidad
indigena: caso de estudio en la regién purépecha, occidente de México:
Investigaciones Geogrificas, Boletin del Instituto de Geografia, UNAM; 2014:
ISSN 0188-4611. https.//doi.org/10.14350/rig.45590.

Cowgill UM. Soil fertility and the ancient Maya. Trans Connecticut Acad Arts
Sci. 1961,42:1-56.

Dunning N. Lords of the hills: ancient Maya settlement in the Puuc region,
Yucatan, México. In: Monographs in world archaeology no. 15. Wi, USA.
Madison: Prehistoric Press; 1992.

Estrada-Medina H, Bautista F.,, Jiménez-Osornio J.J. M., Gonzélez-lturbe J.A. y
Aguilar Cordero W. J. 2013. Maya and WRB soil classification in Yucatan,
Mexico: differences and similarities. ISRN Soil Sci. ID 634260, 10 pages. doi:
https://doi.org/10.1155/2013/634260.

Bautista F, Diaz-Garrido S, Castillo-Gonzélez M, Zinck JA. Soil heterogeneity
of the soil cover in the Yucatén karst: comparison of Mayan, WRB and
numerical classifications. Eurasian Soil Sci. 2005,38(Suppl 1):81-8.
Licona-Vargas AL, Ortiz-Solorio CA, del Carmen Gutiérrez-Castorena M,
Manzo-Ramos F. Clasificacion local de tierras y tecnologia del policultivo
café-platano para velillo-sombra en comunidades cafetaleras. Terra
Latinoamericana. 2006;24(1):1-7.


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.156.2425&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.156.2425&rep=rep1&type=pdf
https://www.sil.org/system/files/reapdata/16/98/58/169858871566458451034982448304758588708/zoc_diccionario.pdf
https://www.sil.org/system/files/reapdata/16/98/58/169858871566458451034982448304758588708/zoc_diccionario.pdf
https://www.sil.org/system/files/reapdata/16/98/58/169858871566458451034982448304758588708/zoc_diccionario.pdf
https://doi.org/10.14350/rig.45590
https://doi.org/10.1155/2013/634260

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Description of the study area
	Soil survey

	Results
	Description and classification of soils
	Yiq’uel lum (fertile fluvial black soil)
	Ji’il lum or ji’lumil (sandy soils)
	Chachac lum or chʌchʌclumil (soil red under)
	K’an kab lum (soil yellow under)
	Lum ambʌ ti xajlelol (rocky or bare soil)
	Chac lum (soil with red mottles)


	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

