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An update of the karstic morphogenesis in San José de las Lajas polje is carried out, with the objective of
making a quantitative evaluation of the of karstic-erosive process advance. It is from a baseline of more than three decades
in reference localities, in accordance with the conditions of use and management to which soils have been subjected. It
demonstrates the effects of intensive anthropogenesis on the Red Ferrallitic soils, as a result of a multifactorial process,
conditioned not only by the intrinsic properties of the soil cover and conditions of use, but also dependent on the
geological-geomorphological conditions. The application of the Integrating System of Qualitative and Quantitative
Methods allowed characterizing the complex influence of the relief in the evolution of the main morphometric parameters
of the dolines with losses between 12.33-15.95 t ha-1 year-1. It converted into length units show reductions in the A+B
horizons between 0.98-1.20 mm year-1, which exceed the permissible threshold values in terms of erosion proposed by the
USLE and the rates of formation of soils derived from limestone rocks in Cuba. It has a marked tendency to increase,
which confirm the need for protection and improvement so that their “immunity” to erosion ceases to be a myth and
becomes a priority issue for Food Security in the post Covid-19 development programs in Cuba. These soils represent the
maximum potential to satisfy the country's current demand for agricultural and livestock productions.

evolution, relief, erosion.

Se realiza una actualización de la morfogénesis kárstica en el polje de San José de las Lajas, con el objetivo
de realizar una evaluación cuantitativa del avance de los procesos kárstico-erosivos, a partir de una línea base de más de
tres décadas en localidades de referencia, en conformidad con las condiciones de uso y manejo a que han estado sometidos
los suelos, que demuestra los efectos de la antropogénesis intensiva en los suelos Ferralíticos Rojos, como resultado de un
proceso multifactorial, condicionado no solo por las propiedades intrínsecas de la cobertura edáfica y condiciones de uso,
sino dependiente de las condiciones geólogo-geomorfológicas. La aplicación del Sistema Integrador de Métodos
Cualitativos y Cuantitativos, permitió caracterizar la influencia compleja del relieve en la evolución de los principales
parámetros morfométricos de las dolinas con pérdidas entre 12,33-15,95 t ha-1 año-1, que convertidas en unidades de
longitud muestran reducciones en los horizontes A+B entre 0,98-1,20 mm año-1, que sobrepasan los valores umbrales
permisibles en términos de erosión propuestos por la USLE y las tasas de formación de suelos derivados de rocas calizas
en Cuba, con marcada tendencia a incrementarse, que confirman la necesidad de protección y mejoramiento para que su
“inmunidad” a la erosión, deje de ser un mito y se convierta en un asunto de prioridad para la Seguridad Alimentaria en los
programas de desarrollo pos Covid-19 en Cuba, ya que estos suelos representan el máximo potencial para satisfacer lo que
el país actualmente demanda para las producciones agropecuarias.

evolución, relieve, erosión.
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INTRODUCTION
Numerous are the studies developed in Cuba in the

ferrallitic regions, but few have included the influence
of karst morphogenesis. The long-standing information
provides practical results and significant contributions to the
knowledge of ecological, economic and social processes,
in which their interactions justify the research carried out
in the last 30 years (1), in the Southern Karst Plain Havana-
Matanzas. It proves the effects of anthropogenesis, due to
the water availability and the presence of Red Ferrallitic soils
that form one of the most typical landscapes and of greater
resource potential of the country (2).

Explorations of the karstic relief allow a broad
understanding of both the physiography and the dynamics
of current landscapes. In addition to providing traces of
paleogeography and spatial differentiation of soil cover,
determining factors in soil erosion (3-5), because if climate
is the cause that generates erosive processes, relief is
par excellence in the geographic area the factor that
differentiates them. It is known that neighboring areas under
the same climatic regime can experience erosive processes
of very different magnitudes, conditioned by the geological-
geomorphological peculiarities that characterize them (6,7).

Pioneering studies carried out in the Southern Havana
Plain have shown that the relief and permeability of the
supporting material (8-10) mainly influence the variability of
the iron-rich cover. If these two factors are evaluated on
a larger scale, it is found that the development of karstic
forms (dolines, uvales, karstic depressions, valleys, etc.)
and their consequences on the microclimate can have a
significant impact on the microclimate). Their consequences
on the micro-relief, promote favorable conditions for the
differentiated manifestation of the hydric regime of soils (9),
where dolines are considered diagnostic forms of karst (11)
and even as the fundamental forms in this geomorphological
context (12).

Considering these aspects, other authors specify the need
to differentiate, at least, three main magnitudes of relief
(macro, meso- and micro-relief) (13), to which should be
referred the set of processes that simultaneously participate
in the formation or degradation of soils. It is imperative
that at different scales not only the main or predominant
profile in the separate contour be taken into account (14),
but also variations or changes at the meso- and micro-relief
levels (Figure 1), thus contributing to a better understanding
of the two- and three-dimensional organization of the agro-
pedological cover.

The present research was carried out in San José de las
Lajas polje and its objective was to perform a quantitative
evaluation of the advance of the karstic-erosive processes,
based on a baseline of more than three decades in reference
localities, in accordance with the conditions of use and
management to which the soils have been subjected.

MATERIALS AND METHODS
Description of the investigated areas

It was developed in the central portion of the Southern
Karstic Plain Havana-Matanzas (Figure 2), in San José de

las Lajas polje with an approximate extension of 469.80 km2

(1). The karstic-erosive dynamics show different degrees
of development, in accordance with the conditions of use
and management to which this region has been subjected,
from investigations initiated during the year 1986, which
constitutes the baseline of the information.

This agro ecosystem has been classified as one of the
most humid of Cuban plains, receiving around 76-80 %
of precipitations that occur in Mayabeque and Artemisa
provinces (15), where the index of concentration of
precipitations oscillates between 13-14 % (16) and the annual
rainfall shows values between 1 400-1 600 mm (17).

The most widespread soils are predominantly of the Red
Ferrallitic Leached Type, which can be correlated with the
Rhodic Eutric Nitisol (18,19) and the Oxisol Order of the
Soil Taxonomy (20), where the differences are given by the
type of land use and the distribution of horizons. The textural
composition generally has clay contents higher than 60 %
with argillic B-horizon, well drained and with pH between
6.0 and 7.0.

Data used

The methodology was based on the application of
the Integrating System of Qualitative and Quantitative
Methods (21). It characterizes the karstic regions, conditioned
by the availability and quality of their main attributes,
characterizing 12 main profiles at depths of 0-20 cm, as at
the level of the erosive diagnostic horizons A+B0-50 cm,
in correspondence with the geological-geomorphological
variations and agricultural use (22).

The C1 profile (No apparent erosion) (9), located in an area
in biostasis, with an initial depth of the A0-490 mm horizon,
was taken as a reference to evaluate the loss magnitude of
the Red Ferrallitic soils in different periods.

Figure 1. Conceptual model of the interaction of erosional
processes in the slopes of a doline. Modified
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The morphometric analysis of the karstic absorption
forms (dolines) was carried out at a scale of 1:10,000 and
constituted the fundamental diagnostic index to evaluate
the manifestations and intensity of karstification (Table 1),
corroborated in the exploratory surveys, according to the
proposal made in previous research (23,24).

Soil losses through karst depressions were obtained from
those calculated in other investigations (25,26), by applying
the empirical-conceptual erosion model MMF (27,28) in these
localities, considering climatic variability, such as physical,
physical-chemical and chemical properties. The weight units
(t ha-1 yr-1) corresponding to the period 1986-2019 were
converted into length units (mm yr-1) according to the proposal
made (29) and the interpretation of the loss tolerance
limits, according to the USLE model (30), adapted by other
authors (31).

The geophysical works were carried out through 15 profiles
traced in NW-SE direction and distances between them of
100 m; using the methods of electrical, symmetrical and
vertical profiling, both with the Schlumberger symmetrical
device. For the profiling measurements, the installation was
taken with the following parameters: AB= 80 and MN= 10 m,
with measurement steps in the profiles of 10 m, equal to the
MN distance. The SEV points were performed through the
profiles with distances between points of 100 m (32).

RESULTS AND DISCUSSION
Complex influence of relief on soil losses due
to “soutirage” cavities in the San José de las
Lajas polje

When attempting to describe the situation of the Red
Ferrallitic soils in the investigated territories in a spatio-

temporal context, any analysis goes through the phases of
karst morphogenesis in which they are found, with respect
to their physical, chemical and biological attributes that may
favor, limit or inhibit their resilience (1).

The most characteristic depressions in San José de
las Lajas polje are the funnel-shaped dolines (Figure 3),
also called “subsidence” or “soutirage”. They are formed
by successive land subsidence over a substrate with a
large number of karst conduits. Usually, they are easily
recognizable in the field where rainwater and surface
irrigation water, almost always carrying a certain content of
carbon dioxide in solution. When they run off through the
different elements of the relief, they do so in a channeled
way towards the bottom of the depression that function as
local base levels or temporary sinks, with well-defined micro-
basins, exerting a “turbillonar” suction effect in its interior,
a description that coincides with those reported in similar
regions (33,34). Sometimes the bottom is plugged by red
clayey sediments (Figure 3), with no apparent structure and
thicknesses that can exceed 5 m, enriched in organic matter
and plant remains, a process that was verified by excavations
carried out in several depressions in the central portion of
the polje.

Equally evident is the presence of karst gullies with “U”
and “V” shaped valleys that, as geomorphological barriers,
are arranged transversally to the general slope of the slopes
(Figure 3), intercepting runoff and the products of erosion
(soils and rocks), which are redistributed throughout the
region in this way.

This “regulating” effect on erosion is often one of
the basic elements of the hydrographic film, where the
absorption forms and their component elements exert
a certain control over surface and subsurface runoff.

Figure 2. Digital elevation model in the Center I.A. “Rosafé Signet” (a). Main karstic forms of San José de las Lajas polje, Mayabeque
province (b).
 

 
Table 1. Formulas used for the calculation of morphometric parameters in San José de las Lajas polje, Mayabeque province.

Circularity Index (1) Flattening index (2) Diameter Ratio (3)IC = Dm+ dmDM IA = Dm+ dm4ℎ Rd = Dm dm
Where:

Dm = larger diameter
dm = smaller diameter

DM= average diameter
h = height difference (surface - bottom)
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This generates different associations or miniaturization
phenomena in the territorial complex itself at the micro-relief
level, with a considerable reduction of the land base suitable
for agricultural activity, which coincides with the descriptions
made (35).

These processes are also taking place in the interior of the
massif, as corroborated by the Vertical Electrical Soundings
(SEV) (Figure 4). At levels where the resistivity values are
between 10-20 Ohm-m, the thickness of the soils and karst
is weakly manifested. Surfaces with resistivities of 50 Ohm-
m and higher, the depth of the soils are lower and the
karstic-erosive processes are more energetic, manifesting
itself morphologically with the surfaces of greater density of
dolines made up of very altered, decomposed and diaclased
limestones filled with clayey sediments of very low resistivity
(10 Ohm-m). It allow us to consider that the karstic-erosive
processes had their origin in climatic conditions different
from the present ones; that is to say, in conditions of higher
humidity than the one that now prevails in the area (36).

On the other hand, in other polje sectors, these actions are
not so evident and they are limited to the convex flexures
of the relief (Figure 4), which surreptitiously enhance the
detachment and areal removal of the finer fractions of the
soils, at a rate directly related to diffuse runoff (37,38). In some

cases directly joins the drainage network, while in others is
incorporated into the ephemeral karstic gullies of “organized
heterogeneity”, where it can reside for a long time, depending
on the case, hydrodynamics that clearly differentiates these
regions from any other (39).

However, the cover of Ferrallitic soils can model by
accumulation these depressions; masking, in a certain way,
the related mechanism of action, which has caused largely
the undervaluation of this complex process (13).

Sequential evolution of doline morphometric
parameters and soil losses in San José de las
Lajas polje

The increase in the morphometric dimensions of the
dolines during the years 1986-2019 (Figure 5 and Table 2),
allow us to confirm that a process or erosive modality inherent
to the Red Ferrallitic soils is developing, called subsurface
erosion. It is as a result of their removal towards the karst
cavities, whose most evident manifestation is the amplitude
of its mean diameter (MD) at the reduction expense of the
interfluvial spaces or “dolinization”, with a marked tendency
towards endorheism with an irreversibility of karstification in
its unidirectional evolution (1,40).

Figure 3. Karstic gully with “U” and “V” shaped valleys in interfluvial spaces in San José de las Lajas polje, Mayabeque province.
 

 

Figure 4. Dynamics of the karstic-erosive processes in a doline of San José de las Lajas polje, Mayabeque province.
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In fact, the flattening index (FI) shows values that
morphologically are expressed in dolines with little dissection,
as a result of a vertical dismemberment process in advance.
Thus, doline No. 3 maintains a sustained flattening trend
(5.63-5.45), because of an imbalance between areal erosion
and corrosion in favor of flattening, which enhances the
detachment and migration of the finer fractions of the solum
that accumulate at the bottom.

However, in recent years, these dynamics have begun
to undergo changes as a result of climatic variability. It
has increased hydromorphism and carbonation-dissolution
processes (41), whose most revealing expression is the
appearance of ponors of different dimensions at the bottom of
practically all dolines and the emergence of two other forms
of absorption (dolines 15 and 16), which were not reported in
previous studies.

Regarding the circularity index (CI), there are no notable
changes in the values (1.04-2.14), due to the assumption

that the circularity of the depressions is conditioned to
the characteristics of the cracking system and dissolution
process of the massif with intercepting structural elements. In
addition to being subject to dissolution processes to give rise
to the depressions, coinciding with results obtained (42).

The diameter ratios (Rd) vary in a wide range
(3.78-116.80), which allow asserting that the genesis of
the dolines is developed under a non-surface lithostructural
control, related to the influence of the aquifer (43). Besides
by seismic movements that have occasionally affected
the territory, which, despite their low magnitudes, have
caused strong shocks (44), in addition to the contaminating
wastes from several industries in the area, which increase
the chemical aggressiveness of groundwater carrying
polycyclic aromatic hydrocarbons and polychlorinated
biphenyls (45,46).

This sequential evolution of the morphometric parameters
of the karst depressions has led to sustained increases
in the loss volumes of the Red Ferrallitic soils (Table 3).

Figure 5. Evolution of the average diameter of the dolines in the Center I.A. “Rosafé Signet”, San José de las Lajas Polje, Mayabeque
province, period 1986-2019.
 
Table 2. Evolution of the morphometric parameters of the dolines in the Center I.A. “Rosafé Signet”, San José de las Lajas Polje,
Mayabeque province, period 1986-2019.

Doline No. CI FI Dr
DATA COLLECTION PERIODS

1986 1997 2009 2019 1986 1997 2009 2019 1986 1997 2009 2019
1 2.04 1.36 1.72 1.73 10.13 7.17 9.12 8.02 7.53 5.47 7.55 3.78
2 1.94 1.55 1.54 1.40 8.44 8.59 5.08 7.17 8.80 9.22 9.36 4.56
3 1.71 1.34 1.35 1.37 5.63 5.67 5.35 5.45 16.00 13.69 13.28 6.37
4 1.92 1.55 1.55 1.56 17.96 10.21 10.18 9.54 9.13 9.26 9.30 4.45
5 1.60 1.14 1.14 1.12 10.63 12.86 8.98 8.81 32.00 29.81 30.36 13.98
6 1.75 1.33 1.33 1.33 13.33 12.81 11.94 11.67 14.00 14.15 14.25 6.97
7 1.53 1.04 1.04 1.04 9.09 5.69 8.07 7.54 114.40 96.66 116.80 36.23
8 1.92 1.56 1.56 1.57 12.19 14.64 11.84 10.50 9.14 9.08 9.12 4.53
9 1.56 1.10 1.11 1.13 16.88 10.17 10.42 9.94 52.00 41.84 39.71 16.68
10 1.61 1.15 1.15 1.41 10.00 9.34 8.78 10.55 30.00 29.33 28.36 14.10
11 2.14 1.83 1.83 1.87 10.83 8.50 8.81 9.12 6.66 6.77 6.81 3.56
12 1.56 1.11 1.14 1.16 7.81 8.01 7.46 8.94 48.00 36.00 30.58 33.58
13 2.00 1.66 1.66 1.66 9.38 8.61 8.25 8.13 8.00 8.00 8.06 4.00
14 1.64 1.19 1.17 1.19 10.88 9.64 8.43 8.73 22.86 22.55 25.00 10.84
15 ----- ----- 1.25 1.28 ----- ----- 8.33 8.74 ----- ----- 18.00 7.76
16 ----- ----- 1.50 1.52 ----- ----- 3.75 3.99 ----- ----- 10.00 4.35
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It exceed the tolerance threshold values of 12, 5 t ha-1 yr-1 (47)
for soils derived from limestone rocks and which, converted
into units of length (29), show reductions in the A+B horizons
between 0.98-1.20 mm yr-1. It has generated considerable
reductions in the soil bottom, which corroborates, in a
quantitative way, what other authors exposed in their
respective investigations (48,49).

However, it is noteworthy that in the early 1990s, during the
Special Period or economic crisis in Cuba, when agricultural
activities in the polje were gradually disabled, a natural
regeneration began with “healing” species such as marabú
(Dichrotechys glomerata), aroma (Acacia farmesiana) and
palms (Roystonea regia). It acted as an induced fallow and
favored a certain morphoedaphological resilience or stability
in the karstic-erosive processes (50,51). It enhanced edaphic
recovery with some independence of the energetic value of
the relief, an aspect that is reflected in the slowing of the
morphometric parameters of dolines (Table 2), as well as in
the volumes of losses with their respective values of surface
removal equivalence, especially during 1997 (Table 3).

It is remarkable the plurality of other superficial karst
forms, such as limestone outcrops of very variable diameters,
karsolites from a few centimeters to 0.50 m (even larger),
limestone pavement covered with proluvial-deluvial deposits,
uvalas (bays) (with functional ponors), among others. It plays
an important role in the formation of the karst; among others.
Also it plays an important role in the polje, given their capacity
to collect, transform or drain surface and groundwater,
conditioned by the spatio-temporal evolution of the edaphic
cover, which modify the dynamics of the environment and
interfere with these interdependencies, a result that coincides
with similar research (52,53). The undervaluation of the

exposed processes could lead to transforming the territorial
complex in the coming decades into a “rocky desert”, leaving
unproductive areas that in the past were suitable for a wide
range of agricultural, livestock and forestry uses, as some
researchers have warned (54). In any case, similar studies
in these environments are very scarce worldwide, not only
because of the time needed to obtain reliable results, but
also because in the case of karst ecosystems (55), they
are subject to constant disturbances that make research
work difficult.

CONCLUSIONS
• The dynamic evaluation of the main morphometric

indicators shows the advance and intensity of the
karstic-erosive processes in the investigated territory,
characterized by the amplitude of the karstic depressions
and increases in their loss volumes, with values of
12.33-15, 95 t ha-1year-1 in more than 75 % of the dolines. It
exceeds the permissible limits in terms of erosion for soils
derived from limestone rocks, which converted into units
of length, show reductions in the A+B horizons between
0.98-1.20 mm year-1, which originates relevant losses in
the soil bottom.

• It is necessary to recognize the existence of water
erosion and karstic-erosive processes in the Red Ferrallitic
soils so that their “immunity” ceases to be a myth and
becomes a priority issue for Food Security in the post
Covid-19 development programs in Cuba. These soils
represent the maximum potential to meet the demands
of agricultural production, where agricultural research can
play a crucial role in the transformation of karst systems,
making them more sustainable and resilient.

Table 3. Volume of soil losses with the equivalence values of surface removal in dolines of the Center I.A. “Rosafé Signet”, Mayabeque
province, period 1986-2019.

Doline No.

Base line DATA COLLECTION PERIODS
1986 1997 2009 2019 

Volume
(t ha-1 year-1)

Surface
(mm year -1)

Volume
(t ha-1 year -1)

Surface
(mm year -1)

Volume
(t ha-1 year -1)

Surface
(mm year -1)

Volume
(t ha-1 year -1)

Surface
(mm year -1)

1 15.96 1.17 H 17.82 1.31 H 17.65 1.29 H 18.05 1.31 H
2 17.63 1.35 H 16.92 1.24 H 20.21 1.48 H 20.11 1.44 T
3 21.36 1.57 VH 22.13 1.62 VH 23.61 1.73 VH 23.66 1.75 VH
4 14.85 1.09 H 14.24 1.04 VH 14.26 1.04 H 15.03 1.14 H
5 10.01 0.73 T 8.36 0.61 T 11.91 0.87 H 12.07 0.89 H
6 9.39 0.69 T 9.73 0.71 T 10.43 0.76 T 11.01 0.81 H
7 10.68 0.78 H 17.14 1.26 H 12.04 0.88 H 12.82 0.90 H
8 12.02 0.88 H 10.03 0.73 T 12.38 0.91 H 13.00 0.94 H
9 9.01 0.66 T 10.14 0.74 T 10.67 0.78 H 11.08 0.81 H
10 10.73 0.78 H 11.51 0.84 H 12.31 0.90 H 12.79 0.92 H
11 16.07 1.18 H 20.23 1.48 H 19.42 1.42 H 19.98 1.44 H
12 13.04 0.95 H 13.08 0.96 H 14.32 1.05 H 15.19 1.19 H
13 16.65 1.22 H 18.12 1.33 H 18.82 1.38 H 19.01 1.40 H
14 10.27 0.75 T 11.63 0.85 H 13.04 0.95 H 14.02 1.02 H
15 --- ----- --- ----- 14.07 1.03 H 14.99 1.75 H
16 --- ----- --- ----- 15.10 2.72 VH 16.00 1.23 H

Mean 12.33 0.98 H 13.292 1.05 H 13.70 1.20 H 15.55 1.18 H

H: High, VH: Very high, T: Tolerable
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