
   

Foresta Veracruzana

ISSN: 1405-7247

lmendizabal@uv.mx

Recursos Genéticos Forestales

México

Campos, Adolfo

Physical and mechanical properties of three tropical forest soils on limestone in Chiapas, Mexico

Foresta Veracruzana, vol. 4, núm. 2, 2002, pp. 1-9

Recursos Genéticos Forestales

Xalapa, México

Available in: http://www.redalyc.org/articulo.oa?id=49740201

   How to cite

   Complete issue

   More information about this article

   Journal's homepage in redalyc.org

Scientific Information System

Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Non-profit academic project, developed under the open access initiative

http://www.redalyc.org/revista.oa?id=497
http://www.redalyc.org/articulo.oa?id=49740201
http://www.redalyc.org/comocitar.oa?id=49740201
http://www.redalyc.org/fasciculo.oa?id=497&numero=2447
http://www.redalyc.org/articulo.oa?id=49740201
http://www.redalyc.org/revista.oa?id=497
http://www.redalyc.org


Foresta Veracruzana 4(2):1-9. 2002. 
 

1

PHYSICAL AND MECHANICAL PROPERTIES OF THREE TROPICAL FOREST SOILS 
ON LIMESTONE IN CHIAPAS, MEXICO 

 
 

Adolfo Campos ∗

 
 
Resumen 
 

En tres suelos de una toposecuencia se estudiaron la composición granulométrica, retención de agua y 
las características de consistencia (límites líquido, plástico y de contracción). Los datos mostraron que el 
suelo Typic Paleudult, ubicado en el nivel topográfico inferior presentó los contenidos de arcilla más altos, 
variando de 56.0 a 93.7 %. En cambio, Acrudoxic Kandiudult y Ombroaquic Kandihumult situados en el nivel 
topográfico superior y que sostienen vegetación de selva y pino respectivamente, manifestaron los 
contenidos más bajos de arcilla, oscilando entre 42 y 70%. Se encontró que la retención de agua, en el 
intervalo de tensiones entre 0.03 y 1.5 MPa, estuvo relacionada con los contenidos de materia orgánica y 
arcilla. Con base en las características de consistencia, se encontró que el estado friable se mantiene en un 
rango amplio de humedad, siendo mayor en Typic Paleudult. Los índices de actividad y plasticidad revelaron 
que los suelos estudiados tienen un comportamiento de ligeramente a moderadamente plásticos, estando 
constituidos de arcillas de baja actividad. Las propiedades físicas y mecánicas evidenciaron en dos 
segmentos de la toposecuencia tres evoluciones del suelo, asociadas con el tipo de vegetación. 

 
 

Abstract 
 
The granulometric composition of three soils in a topographical transect was studied, along with soil water 

retention and characteristics of consistency (shrinkage, plastic and liquid limits). The results indicate that 
Typic Paleudult soil, found on the lower topographical level and growing coffee (coffea arabica) and corn 
(Zea mays) crops and forest trees, has the highest percentages of clay (from 56.0 to 93.7%). In contrast, 
Acrudoxic Kandiudult and Ombroaquic Kandihumult soils which are on the upper topographical level, sustain 
two types of vegetation: one forest vegetation associated with oak and the other exclusively pine, 
respectively. These two soils have the lowest percentages of clay (from 42 to 70% and 30.5 to 66.5%, 
respectively). Water retention at field capacity (0.03 MPa) and permanent wilting point (1.5 MPa) is linked to 
clay and organic matter contents. Typic Paleudult soil retains the most moisture. On the basic of shrinkage, 
plastic and liquid limits, we found that the soils preserve their friable state within a wide range of soil water 
content and the soil highest in clay has an even greater range. Following the plasticity and activity indexes, 
the soils are slightly to moderately plastic and are composed of low activity clay. The results suggest that the 
soils present three evolutions on two topographical segments. Each evolution is associated with one type of 
vegetation. 

 
 
Key words: Tropical soil, soil water retention, shrinkage limit, plastic limit, liquid limit. 
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Introduction 
 

In tropical zones, soil water is a fundamental 
factor affecting the production of biomass. Soil 
water is determined by many factors, specifically 
water availability and retention. The percentage of 
water retention at a particular suction is affected by 
the amount and nature of clay present and by the 
content of organic matter (Lal, 1979a, 1979b, 1981; 

Datta and Singh, 1981; Ghuman and Lal,1983; Lal, 
2000). 

 
 
 
In the tropics, management of the physical 

properties of the soil is important. The capacity of 
soil to retain water and supply it to plants is one of 
the principal factors which limits tropical agriculture. 
Some physical properties, such as water retention, 
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bulk density, aggregate stability and consistency 
states can and do in fact change with management 
practices (Williams et al., 1983; Lal, 1985; Lal et al., 
1986; Lal, 2000). 

 
Extensive zones in tropical regions are presently 

deforested for agricultural purposes. Deforestation 
practices are generally thought responsible for the 
deterioration of the soil´s physical properties. 
Evidence suggests that damage is to a large 
degree related to the inherent properties of the soil. 
This means that a determination of these properties 
and information about changes in land use systems 
are very important (Petersen et al., 1968; Seubert 
et al., 1977; Datta and Singh, 1981; Lal, 1981; 
Sanchez, 1981; Lal, 1989). 

 
Recent studies show that the productivity of 

tropical soils can be maintained and even improved 
when managed so that the hydric balance and 
physical environment of the soil are not greatly 
disturbed. Adequate management systems are 
those which maintain such properties at an 
optimum level for biomass production (Lal, 1980; 
Sanchez and Salinas, 1981; Lal, 1993; Horn et al., 
1994; Lal, 2000). 

 

The object of this study is to determine and 
evaluate the physical and mechanical properties of 
these soils, which comprise much of the province of 
Chiapas and which are subject to severe 
deforestation activities. 

 
 

Materials and methods 
 
The soils studied lie on a transect in the northern 

part of the Montes Azules Biosphere Reserve in 
Chiapas, Mexico. The toposequence is 10 km in 
length and consists of a geological substratum of 
limestone from the Upper Cretaceous Period (figure 
1). The toposequence has four distinct segments: 
two on the upper level which stand out for their 
gently rolling relief with steps of three to five meters 
or five to ten meters which are interrupted by karstic 
depressions; and two on the lower level consisting 
of a slightly sloped hill that exhibits a karstic relief 
with numerous rocky outcrops; the lower level is 
almost flat with only an occasional rise (figure 2). 
Each segment is dominated by a specific soil type, 
starting with Typic Paleudult in the lowest 
toposequence, followed by Eutrochreptic Rendoll, 
Acrudoxic Kandiudult, and finally a Ombroaquic 
Kandihumult in the upper level. 
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Figure 1. Map showing location of toposequence. 
 
 
 
 
 

 
Figure 2. Schematic diagram showing soils and vegetation in the toposequence. 

 
 
Soil samples from each horizon of three profiles 

were air-dried and then ground and sieved to pass 
a 2 mm screen. Particle size analysis was 
determined by the Day method. After removal of 
organic matter, sodium hexametaphosphate was 
used as dispersing agent (Day, 1965). Water 
retention was measured on soil samples which 
were placed in cylinders 6 cm in diameter and 2 cm 
high. These were saturated before being 
equilibrated at matric potentials of 0.03, 0.05, 0.1, 
0.3, 0.5, 1.0, 1.5MPa using a pressure plate 
apparatus as described by Klute (1986a, 1986b). 
Triplicate measurements of each pressure value 
were made. The water available to plants was 
obtained from water held between 0.03 and 1.5 
MPa matric potential. The mechanical properties 
(liquid, plastic and shrinkage limits) were 

determined according to the standard methods 
(American Society for Testing and Materials, 1984). 
Organic matter was determined by the Walkley and 
Black procedure with potassium dichromate in a 
sulfuric acid medium (Spark, 1996). The chemical 
characteristics of the soils are presented in Campos 
and Dubroeucq, 1992. 
 
 
 
Results and discussion 
 
Particle Size Distribution 
 

Of the three soils studied, the Typic Paleudult, 
which sustains coffee (Coffea arabica) and corn 
(Zea mays) crops in the presence of forest trees, 
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shows the highest quantity of clay and the lowest 
quantities of silt and sand. Furthermore, in the A 
horizon of this soil the greatest percentages of silt 
(25%) and sand (19%) are found. In the B horizons, 
a substantial decrease in the sand and silt content 
with a corresponding increase in the clay content 
are observed (table 1). 

 
The soil profile of the upper topographic level, 

classified as an Ombroaquic Kandihumult with pine 

vegetation, shows a more gradual decrease in the 
sand and silt content with depth and a 
corresponding increase in clay. In this profile, the 
clay content varies between 30.5 and 66.5%, with 
the greatest quantities in the Bct21 and Bct22 
horizons. Silt varies from 41.5 to 16.5%, and the A1 
and Bc1 horizons have the greatest proportions. In 
this profile, sand varies between 28 and 17%, and 
the A1 horizon shows the greatest quantity of sand 
(table 1). 

 
Table 1. Some physical and morphology properties of the study soils. 

Horizons Depth 
(cm) Color O.M. 

(%) 
Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

Ombroaquic Kandihumult 
A1 0-30 10YR2/2 11.2 30.5 41.5 28.0 
Bc1 30-44 7.5YR3/4 5.5 48.0 31.0 21.0 

Bct21 44-77 5YR3/4 0.78 61.0 17.0 22.0 
Bct22 77-170 10R3/4 0.24 66.5 16.5 17.0 

Acrudoxic Kandiudult 
Oe 0-14 10YR2/1 18.0 - - - 
B1 14-45 10YR3/6 3.2 42.0 26.5 31.5 

B21 45-100 10YR6/8 1.3 52.5 21.5 26.0 
Bt22 100-150 10YR6/8 0.7 70.0 16.0 14.0 

Typic Paleudult 
A1 0-18 7.5YR3/4 3.4 56.0 25.0 19.0 

Bt21 18-42 7.5YR3/4 1.2 83.5 8.0 8.5 
Bot22 42-100 7.5YR4/6 0.4 91.2 4.8 4.0 
Bot23 100-160 7.5YR6/6 0.2 93.7 1.2 5.0 

 
 

The soil profile of the upper topographical level, 
classified as Acrudoxic Kandiudult, which sustains 
forest vegetation associated with oak, has four 
horizons. Only texture data of three horizons are 
shown. The surface horizon of this profile consists 
of slightly decomposed organic matter and texture 
data are therefore not given. In this soil, clay 
content changes gradually from 42 to 70% as depth 
increases. Silt varies from 26.5 to 16% with the 
greatest amount in the upper part of the profile. 
Again, the changes occur gradually with depth. Like 
silt, sand decreases as depth increases and ranges 
from 31.5 to 14.0%. The B1 and B21 horizons 
contain the greatest percentages of sand (table 1). 
 
 
Soil Water Retention Characteristics 
 

The characteristics of soil water retention are 
explained by the relationship between soil water 
content and matric suction from the soil (Kyuma et 
al., 1977; Kumar et al., 1984; Jury et al., 1991). 

 
Soil water retention in Acrudoxic Kandiudult 

shows some differences between horizons. The B1 
and B21 horizons show characteristics of soil water 

retention which are similar to both high and low 
suctions. Furthermore, these are the horizons which 
exhibit the lowest soil water retention. The Bt22 
horizon retains the greatest amount of water; this is 
probably due to clay content (figure 3). 
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Figure 3. Soil water retention characteristics of the 
Acrudoxic Kandiudult. 

 
The soil water retention curves of Ombroaquic 

Kandihumult show that water retention decreases 
as depth increases. At high suctions there is little 
difference in soil water retention between horizons. 
However, at low suctions differences are observed 
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between the Bc1 and Bct21 horizons on the one 
hand and the A1 horizon on the other hand. These 
differences in soil water retention are attributed to 
the organic matter content in the horizon. The 
results indicate that the A1 horizon, which has the 
greatest quantity of organic matter and which is an 
aggregated material, also retains the greatest 
amount of water at low suctions (figure 4). 
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Figure 4. Soil water retention characteristics of 
Ombroaquic Kandihumult. 

 
The soil water retention curves of the Typic 

Paleudult show important changes in the horizons 
of the profile: soil water increases with increased 
depth. Horizon A1 retains less soil water than 
horizons Bt21 and Bot22. However, the last two 
horizons exhibit soil water retention characteristics 
which are very similar at any soil water pressure. 
The differences noted in soil water retention are 
attributed both to the percentage of clay in the 
horizons and to disturbance of the A1 horizon by 
agricultural management of such soil properties as 
soil structure, porosity and inter- and intra-
aggregate pore continuity (figure 5). 

 
The soil classified as Typic Paleudult shows the 

highest percentage of soil water. Only the soil water 
content of the A1 horizon is equal to or lower than 
that of the A1 of the Ombroaquic Kandihumult and 

the Bot23 of the Acrudoxic Kandiudult. The soil 
classified as Acrudoxic Kandiudult exhibits the 
lowest soil water retention values, although only the 
values of the Bt22 horizon are higher than those 
observed in the soil classified as Ombroaquic 
Kandihumult, but not at low suctions for the A1 
horizon of that soil. 
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Figure 5. Soil water retention characteristics of Typic 
Paleudult. 
 

There are slight changes in the water availability 
for crops. Assuming that the soil water retained at a 
suction of 0.03MPa represents field capacity, the 
difference between the soil water content retained 
at 0.03 MPa and at 1.5MPa is considered the water 
available to crop plants. In the Ombroaquic 
Kandihumult profile, the available water varies from 
13.1 to 25.6%; in the Acrudoxic Kandiudult, it varies 
from 12.5 to 16.6%; and in the Typic Paleudult 
profile, it changes from 14.8 to 18.4%. The results 
show slight differences in water availability both 
between soils and horizons. The highest value of 
available water was sustained in the A1 horizon of 
Ombroaquic Kandihumult; this is linked to the 
organic matter content and structured material of 
this horizon (table 2). 

 
Table 2. Measured water content at field capacity (0.03MPa) and permanent wilting point (1.5MPa) in the 
study soils (% by weight). 

Soil water pressure (MPa) Depth 
(cm) 0.03 1.5 

Available water 
% 

Ombroaquic Kandihumult 
0-30 55.4 29.7 25.6 

30-40 46.7 28.2 18.5 
44-77 41.5 28.1 13.1 
77-170 49.5 31.8 17.7 

Acrudoxic Kandiudult 
0-14 - - - 

14-45 37.6 24.1 13.5 
45-100 38.5 25.9 12.5 

100-150 49.7 33.2 16.6 
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Typic Paleudult 
0-18 44.8 29.9 14.8 

18-42 59.2 40.7 18.4 
42-100 56.3 41.2 15.1 

100-160 58.8 41.9 16.9 
 
Consistency Characteristics 
 

Soil consistency determines the behaviour which 
the soil exhibits with changes in soil water content. 
It is used to specify such properties as friability and 
plasticity. Consistency is important, as it establishes 
optimum soil water conditions for manipulating the 
soil. 
 

The characteristics of soil consistency 
studied concern the liquid, plastic and shrinkage 
limits obtained from each horizon (table 3). The 
liquid limit is the soil water content at which soil 
cohesion is so low that soil material flows when a 
force is applied. The plastic limit is the content of 

soil water at which soil consistency changes from 
friable to plastic, and it represents the mininum 
percentage of soil water for agricultural use. 
Likewise, the shrinkage limit is the soil water 
content at which water loss does not cause volume 
changes in the soil. The shrinkage limit separates 
the friable consistency of humid soil from the hard 
consistency of dry soil. The friability index is the 
difference between the plastic limit and the 
shrinkage limit and corresponds to the percentage 
of soil water in the friable state of the soil. The 
plasticity index is the difference between the liquid 
limit and the plastic limit; it corresponds to the range 
of soil water in the plastic state of the soil. 
 

 
 

Table 3. Consistency characteristics (% by weight) and activity index (AI) of soils. 
Consistency Limits Consistency Index AI horiz.. Depth 

(cm) SL PL LL FI PI PI/Clay 
Ombroaquic Kandihumult 

A1 0-30 6.1 44.7 55.1 38.5 10.4 0.3 
Bc1 30-44 5.2 41.1 50.0 35.9 8.9 0.2 

Bct21 44-77 3.1 39.2 56.0 36.1 16.8 0.2 
Bct22 77-170 3.0 45.6 54.5 42.5 8.9 0.1 

Acrudoxic Kandiudult 
Oe 0-14 - - - - - - 
B1 14-45 3.5 32.8 43.8 29.3 10.3 0.2 

B21 45-100 3.3 34.0 46.7 30.8 12.7 0.2 
Bt22 100-150 3.1 45.4 72.1 42.3 26.7 0.4 

Typic Paleudult 
A1 0-18 5.1 41.3 52.4 36.1 11.1 0.2 

Bt21 18-42 4.8 55.8 74.9 51.0 19.1 0.2 
Bot22 42-100 4.6 55.7 73.6 51.1 17.9 0.2 
Bot23 100-160 4.9 62.4 74.6 57.5 12.1 0.1 

SL= Shrinkage limit  PL= Plastic limit  LL= Liquid limit  FI= Friability index 
PI= Plasticity index  AI=Activity index 

 
 

The consistency limits in Acrudoxic Kandiudult 
show some differences between horizons. The 
shrinkage limit (SL) varies between 3.12 and 
3.49%; a slight decrease is observed as depth 
increases. The plastic limit (PL) changes in the 
profile from 32.84 to 45.45%; an increase is noted 
as depth increases. The Bt22 horizon shows the 
highest value for the plastic limit. The liquid limit 
(LL) also exhibits changes in the profile; it varies 
between 43.78 and 72.13% . An increase is noted 
as depth increases; again, the Bt22 horizon shows 
the highest value. The plasticity index (PI) reveals 
that the B1 and B21 horizons are slightly plastic 

while the Bt22 horizon is plastic. This is due to the 
predominance of low-activity clay (presumably 
kaolinite), as demonstrated by the low activity index 
of 0.38 (table 3). 

 
The consistency limits in Ombroaquic 

Kandihumult also exhibit some changes between 
horizons. The shrinkage limit (SL) decreases as 
depth increases; this varies between 3.0 and 6.1%, 
with the highest values registering in the A1 and 
Bc1 horizons. The plastic limit (PL) varies from 39.2 
to 44.6%, and the A1 and Bct22 horizons hold the 
highest values. The liquid limit (LL) shows slight 
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changes in the profile, varying from 50.0 to 56.0%; 
the Bc1 horizon has the lowest value. The plasticity 
index (PI) varies from 8.8 to 16.8%, meaning that 
the soil is slightly plastic, although the Bct21 
horizon is moderately plastic. The activity index in 
this profile changes from 0.13 to 0.34; they are low 
values and are attributed to low-activity clay (table 
3). 

 
 
 
The consistency limits in Typic Paleudult 

likewise exhibit some differences between horizons. 
The shrinkage limit (SL) shows little change in the 
profile; this varies between 4.6 and 5.1%, and the 
A1 horizon has the highest value. The plastic limit 
(PL) shows a slight increase as depth increases, 
varying from 41.2 to 62.4%, and the Bot23 horizon 
holds the highest percentage. The liquid limit (LL) 
changes from 52.4 to 74.9%, the lowest value being 
in the A1 horizon. The plasticity index (PI) varies 
from 11.1 to 19.1%; this indicates that the soil is 
slightly to moderately plastic. The activity index 
varies from 0.13 to 0.23 due to low activity clay 
(table 3). 

 
In general, the soils show some differences in 

consistency properties. The soft or friable state of 
the soil is separated by the shrinkage and plastic 
limits. The plastic state is separated by the plastic 
and liquid limits. Also, the shrinkage limit separates 
friable consistency from hard or loose consistency. 
Thus, the soil classified as Typic Paleudult presents 
the greatest interval with friable consistency 
(friability index), although the A1 horizon shows a 
decrease. This is surely due to the smaller 
percentage of clay contained in the horizon. The 
plasticity interval is very similar in the three soils, 
although it differs a little in soil water content upon 
reaching the plastic state. 
 

In Acrudoxic Kandiudult and and Ombroaquic 
Kandihumult soils, the interval with friable 
consistency is very similar. 

 
 Acrudoxic Kandiudult shows the lowest interval 

of friable consistency, although this, along with the 
interval of plastic consistency, rises in the last 
horizon (Bt22). The increase in clay here is 
considered responsible. 

 
Ombroaquic Kandihumult soil has a middle 

interval of friable consistency. However it differs 
from the other two soils in that here, the interval of 
friable and plastic consistency increases in the A1 
horizon. This is associated with the amount of 
organic material found in the horizon: organic 

material elevates the plastic and liquid limits, 
allowing the soil to maintain friability with greater 
soil water content. 

 
 

Conclusions 
 

The data on texture and organic matter show 
three distinct evolutions. The soils which are 
situated on the upper level of the toposequence 
have the greatest percentages of sand and silt. 
However, they differ because Ombroaquic 
Kandihumult, which sustains pine vegetation, 
exhibits an important organic matter content in the 
first horizon, and the color of the profile ranges from 
very dark brown to dark red. Acrudoxic Kandiudult, 
on the other hand, sustains forest vegetation 
associated with oak; its superficial horizon is 
composed of organic material which has not 
decomposed much, and the other horizons display 
a color ranging from dark yellowish-brown to 
brownish-yellow. Typic Paleudult soil, situated on 
the lower level of the toposequence and sustaining 
coffee (Coffea arabica) and corn (Zea mays) in the 
presence of forest trees, possesses the highest 
percentage of clay, and the profile color ranges 
from dark brown to reddish-yellow. 
 

Soil water retention and availability are linked to 
percentage of clay and amount of organic material. 
In Typic Paleudult soil water retention is highest in 
the horizons with most clay. Furthermore, important 
soil water retention is noted in the horizon of 
Ombroaquic Kandihumult soil, which has the 
greatest amount of organic material. This reveals 
that the greatest quantity of water at low suction is 
attributed to the content or organic matter and the 
rearrangement of particles of aggregated material. 
In contrast, the greatest quantity of water at high 
suction is primarily due to soil texture. 

 
The soils conserve their friable consistency at a 

wide moisture range, and the Typic Paleudult soil, 
which has the most clay, exhibits the widest range. 
Also, organic matter increases the ability of the soil 
to sustain friability at greater moisture. The soils, 
according to the plasticity index, are somewhat 
plastic and, according to the activity index, the clay 
which makes up the soils exhibits low activity. Hard 
consistency is connected with low soil water 
content, and is separated by the limit of shrinkage. 
The plastic interval is very similar for the three soils. 

 
A previous study on chemical properties 

(Campos et al., 1992) suggests that the chemical 
fertility of these soils is too low to sustain intensive 
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agricultural management. However, this study 
shows that they have good physical characteristics. 
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