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ABSTRACT

Changes in soil use have detrimental effects on its properties. This research was conducted to evaluate
the physical degradation of histosol soils in the Putumayo department, Colombia. To do so, two types of
areas were assessed: those without intervention (T0) and areas affected by mound structures caused
by combined actions of livestock and high humidity, commonly known as “tatucos.” These areas were
categorized based on the percentage of deformation incidence: low degradation (T1); moderate (T2); and
high (T3). Sampling was done at a depth of 15 cm, both in the tatucos-affected zone and its surrounding
area. The height and diameter of the mound were measured, along with physical properties: apparent
and bulk density, porosity, volumetric moisture, penetration resistance, and degree of organic material
decomposition. The primary soil use in the area is extensive livestock farming. It was established that in
areas with high degradation (T3), there was an average mound diameter of 151.9 * 4.46 cm and a height
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of 22.7 + 2.59 cm. Regarding physical properties, there was an apparent density of 0.24 g.cm?3, a bulk density
of 1.62 g.cm?, and a penetration resistance of 0.71 MPa. These values were significantly higher than those
observed in the areas without intervention. Therefore, it is inferred that the alteration of land use causes a
change in physical properties, which are vital for agro ecosystems in the southern regions of Colombia.

Key words: Compaction; Hydraulic conductivity; land use; Mound; sapric; Organic soils.

RESUMEN

Los cambios del uso del suelo ejercen efectos perjudiciales en sus propiedades. Esta investigacion
se realiz6é con el objetivo de evaluar la degradacion fisica en suelos histosoles en el departamento de
Putumayo, Colombia. Para ello, se evalud dos tipos de areas: sin intervencion (T0) y areas afectadas por
estructuras de monticulos causadas por acciones combinadas del ganado y la alta humedad, cominmente
conocidas como “tatucos”. Se categorizo estas areas segun el porcentaje de incidencia de deformacion:
degradacion baja (T1); moderada (T2); y alta (T3). Se realizaron muestreos a 15 cm de profundidad,
tanto en la zona afectada por los tatucos como en su area circundante. Se midi6 la altura y diametro del
monticulo, asi como las propiedades fisicas: densidad aparente y real, porosidad, humedad volumétrica,
resistencia a la penetracion y grado de descomposicion del material organico. El principal uso del suelo en
la zona es la ganaderia extensiva. Se estableci6 que en areas con alta degradacion (T3), habia un didmetro
promedio de monticulo de 151.9 + 4.46 cm y una altura de 22.7 + 2.59 cm. En cuanto a las propiedades
fisicas, habia una densidad aparente de 0.24 g.cm?, una densidad real de 1.62 g.cm?, y una resistencia
a la penetracion de 0.71 MPa. Estos valores fueron significativamente mas altos que los observados en
areas sin intervencion. Por lo tanto, se infiere que la alteracion del uso del suelo causa un cambio en las
propiedades fisicas, que son vitales para los agroecosistemas en las regiones del sur de Colombia.

Palabras clave: Compactacion; conductividad hidraulica; uso del suelo; monticulo; saprico; suelos
organicos.

INTRODUCTION

In Colombia, in many agricultural production systems, there is an irrational use of
natural resources, either through the implementation of monocultures or intensive
livestock farming, which leads to soil degradation due to overuse (Mora-Marin et al.,
2017). Extensive livestock farming has negative effects on the soil, either as a result of
deforestation for pasture creation or due to cattle trampling, which causes structural
changes, triggers erosive processes, nutrient scarcity, and even leads to a loss of diversity
(Mora-Marin et al, 2017). Overall, the impact on natural ecosystems by livestock
production systems largely depends on their location and the management practices
employed.

The susceptibility of soils to erosive processes due to changes in their natural
conditions varies from one soil type to another. Histosols are soils formed from organic
materials found in most wetlands, marshes, and peat bogs. They consist of more or less
decomposed plant residues under hydromorphic conditions, although some are formed
from organic residues from forest vegetation or mosses, which is why they are highly
susceptible to changes in their natural conditions (Ibafiez et al., 2011; Warmling et al.,
2017; Soil Survey Staff, 2022). When these soils are used in anthropic activities, they
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undergo drastic changes in their physical properties, such as soil subsidence due to
their low bearing capacity, as they experience volume losses when drained (Dos Santos
et al. 2020). Additionally, they undergo chemical changes due to oxidation processes of
organic matter, which can lead to high acidity conditions associated with sulfur-derived
compounds (IGAC - Instituto Geografico Agustin Codazzi, 2016).

These types of soils show high instability conditions; therefore, when subjected to
overgrazing, surface alterations occur, resulting in the development of small landforms
known as tatucos. According to Renard et al. (2012) not building-up processes (e. g.,
termite mounds and IGAC (2016), tatucos are areas with irregular topography, including
gullies or mounds, that produce changes in some of their physical properties. For this
reason, understanding the processes that occur in the soil after a change in vegetation
is crucial for ensuring proper use (Di Gerénimo et al., 2018).

According to Bolivar & Ordoéfez (2016), in the municipalities of Santiago, Colén, San
Francisco, and Sibundoy, located in the territorial adjustment district of Sibundoy, soils
originate from organic deposits with special characteristics for use and management.
According to the owners of the study area, livestock activity has been developed on some
plots for more than 50 years, exposing the soil to continuous trampling and generating
significant alterations in the physical characteristics of the soil component. For this
reason, the objective of this research was to determine the degradation of histosols
through the evaluation of their physical properties and the presence of mounds called
tatucos in this research, caused by changes in land use, in the municipality of Santiago,
department of Putumayo, Colombia.

MATERIAL AND METHODS

Study Area. The research was conducted in the Campo Bello village of Santiago
municipality, with geographic coordinates N 1° 9.268” W 76° 58.347” at an altitude of
2052 meters above sea level (Figure 1). The study area is focused on livestock farming,
and its soils are classified as histosols because they are composed of the accumulation
of organic materials in varying degrees of decomposition under hydric conditions or
high levels of water saturation (Bolivar & Ordéiiez, 2016).
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Figure 1.Study Area, Campo Bello Village, Santiago Municipality, Putumayo Department,
Colombia.

Treatment Structure. Four treatments were established, as follows: TO: Control:
Secondary Forest and Wetland. T1: Area with low degradation level (low presence
of mounds, <50%). T2: Area with moderate degradation level (moderate presence of
mounds, 50% - 70%). T3: Area with high degradation level (high presence of mounds,
>70%). Each treatment was replicated three times for a total of 11 experimental units
(UE), with each experimental unit covering an area of one hectare and defined by the
percentage of mounds present in it.

The sampling of variables in the field was carried out at a depth of 15 cm, both in the
“tatucos” and in the adjacent area located 10 cm from the edge.

Evaluated Variables. The height and diameter of 30 tatucos (mounds) per experimental
unit were assessed, totaling 270 mounds evaluated across all experimental units. Six
physical properties were determined (Table 1), both within the mound and in the
adjacent area.
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Table 1. Evaluated Physical Properties and Determination Method.

Physical property to evaluate Determination method Measurement unit
Bulk density (pa) Known Volume Cylinder g- cm3
True density (pr) Pycnometer g-cm’3
Porosit 1- (%) * 100 %
y or
pa
Volumetric Moisture (—)+H %
pw
Penetration Resistance Penetrometer Mpa
Degree of Organic Matter Decomposition Field Compaction Test % fibers

Statistical analyses. The statistical analysis of the data was conducted using the
statistical software R Core Team (2022). The data were subjected to tests for normality
and homogeneity of variance, using the Shapiro-Wilk and Bartlett tests, respectively.
After confirming the assumptions, an analysis of variance was performed; the variables
that showed statistical differences were subjected to Tukey’s mean comparison tests
(P<0.05) using the HSD function from the ‘agricolae’ package.

RESULTS AND DISCUSION

Bulk Density (pa) and Real density (pr). Bulk density (pa) showed significant
differences (P< 0.05), with a tendency to increase in value when the soil is used for
livestock farming. The bulk density (pa) values found in the treatments had the
following results: the highest average was recorded in treatment T1 with low presence
of mounds <50%, with a value of 0.27+0.02 g.cm?, followed by treatment T2 with
moderate presence of mounds 50%-70% with 0.21+0.01 g.cm™. In contrast, the control
treatment, TO, in the non-intervention zone had the lowest mean value with 0.12+0.003
g.cm?, These data are consistent with what has been reported for soils in the analyzed
conditions (Figure 2). Treatments that have undergone a change in land use towards
intensive livestock farming present higher bulk density (pa) values compared to the
non-intervention zones.

[tis important to note that the study area has histosol soils with very low bulk densities,
ranging from 0.12 g.cm™ to 0.22 g.cm™. According to Moreno-Caliz et al. (2004), IGAC
(2016), Harteminketal.(2020),and Dos Santos etal. (2020), the apparent density values
between 0.09 g.cm™ and 0.22 g. cm™ are typical of this type of soils formed by organic
materials in an advanced state of revision. In other words, the bulk density depends on
the type of organic material and the moisture content at the time of sampling.

UNIVERSIDAD DE NARINO e-ISSN 2256-2273 Rev. Cienc. Agr. January - April 2024 Volume 41(1): e1226 () B



Aguillon-Estacio et al.- Evaluation of physical properties in histosol soils.

The Real density (pr) showed significant differences (P< 0.05). The values of pr (Real
density) found in the treatments had the following results: the highest average was
recorded in treatment T2 with moderate presence of mounds between 50% - 70%, with
1.73 + 0.055 g.cm™. In contrast, the lowest pr values were observed in treatment T1,
with low presence of mounds <50%, with 1.68 + 0.030 g.cm?3, treatment T3, with high
presence of mounds >70%, with 1.62 + 0.060 g.cm-3, and treatment TO wetland with
1.62 + 0.014 g.cm™ (Figure 2).

035 1 0.27
a

0.30 A

0.21
0.20

0.25 1

0.20 A

0.12

0.15 -

0.10 A

Bulk density (g.cm™)

0.05 1

0.00

T2
Treatment

1.90 1 1.73

1.68 1.62
b 1.62

Particle density (g.cm™)
g

140 -

1.30 -

1.20 -

110 -

1.00
T2
Treatment

TO: Non-intervention zones; T1: Areas with low degradation level; T2: Areas with moderate degradation
level; T3: Areas with high degradation level (T3). Different letters among treatments indicate significant
differences according to the Duncan test (P < 0.05). Vertical bars indicate the standard error (n=3).

Figure 2. Behavior of Bulk Density and Real Density in Histosols with Different Degrees
of Intervention.
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In this way, Angeles et al. (2010) state that real density mainly depends on the
composition and quantity of minerals and the proportion of organic matter in the soil.
Similarly, Alves-Bispo et al. (2015) reported real density values in the top 15 cm of
depth in wet grassland Histosols of 1.40 g.cm™ and 1.64 g.cm?, while Caldwell et al.
(2007) indicate that particle density in natural organic soils is 1.50 g.cm™. Therefore,
the values presented confirm the high organic matter contents, as evidenced in the
study. The values obtained in the research are consistent with those recorded in the
soil survey, according to IGAC (2016), where the real density in Campo Bello had ranges
between 1.59 g.cm™ and 1.73 g.cm™, which are typical ranges for materials of this soil
type, classified as very low due to their origin.

According to Bastidas & Lépez (1972), the real density of organic soils in the Sibundoy
Valley is 0.98 g.cm™. This suggests that with the management of these soils and/or the
deposition processes of minerals associated with the water bodies in the study area,
the quantity of mineral solids present has increased. The above analysis allows us to
understand that the values of pr (real density) change depending on the type of minerals
in the parent material and the amount of organic matter in the soil. Organic matter
weighs much less than an equal volume of mineral solids; therefore, the quantity and
type of inorganic materials in soil significantly affect particle density.

Porosity. This variable showed significant differences (P< 0.05), with a trend towards
decreased values when the land use is for livestock. The porosity values found in the
treatments had the following results: the highest average was in TO wetland with 92.8
+ 0.41%, followed by treatments T2 with 88 + 0.61% and T3 with 88 + 0.69%, and the
lowest was observed in T1 with 84 + 2.87% (Figure 3).
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TO: Non-intervention zones; T1: Areas with low degradation level; T2: Areas with moderate degradation
level; T3: Areas with high degradation level (T3). Different letters among treatments indicate significant
differences according to the Duncan test (P < 0.05). Vertical bars indicate the standard error (n=3).

Figure 3. Behavior of Porosity in Histosols with Different Degrees of Intervention.
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Soil porosity is especially important because it serves as the medium through which
water enters the soil, is stored, and moves through it to supply roots and eventually drain
the area. It also provides the space where plant roots and soil fauna have an atmosphere,
essentially serving as the source of air for them. Values greater than 70% indicate soils
with excessive porosity or a high content of organic matter in their composition.

The results obtained in the study agree with the values indicated by Arabia et al. (2020)
and for the IGAC (2016) study area, which determined very high total porosity values,
ranging between 86.16% and 93.07%, being characteristic of organic materials. These
values also correlate well with the apparent and true density data. However, infiltration
and drainage are limited by the permanent water saturation to which these soils are
subjected due to their geomorphological position (terraced plains). This is important
due to the ecosystem function they fulfill since they are located near the upper basin of
the Putumayo River, areas that serve as water recharge areas during the rainy season.

Volumetric moisture. This variable showed significant differences (P < 0.05). The values
found for this property showed the following results: the highest average was in the TO
wetland with a value of 89.1 + 3.242%, while the lowest averages were obtained in the T1
with 57.7 + 6.151%, the T3 with 51.3 + 3.048%, and the T2 with 49.8 + 1.039% (Figure 4).

89.1
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TO: areas without intervention; T1: areas with low degradation level; T2: areas with moderate degradation
level; T3: areas with high degradation level (T3): Different letters among treatments indicate significant
differences according to the Duncan test (P < 0.05). Vertical bars indicate the standard error (n=3).

Figure 4. Behavior of Volumetric Moisture Content in histosols with different levels of
intervention.

A property of soils with a high amount of organic matter classified as histosols is their
high saturation indices” (Warmling et al., 2017).”This is because the smaller the radius
of the pores that retain water, the lower the capillary tension, reducing the force with
which water is retained in the soil.
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Based on the results obtained for this variable, it can be determined that all treatments
presented a high moisture content. This is because, as mentioned above, the
hydromorphic conditions of the soil are present for most of the year, influenced not only
by the location of the study area but also by the evaluation period of these properties,
corresponding from August to October 2021, where at the time these months were
characterized by the presence of high rainfall, causing that at the beginning of the
investigation, the area suffered flooding processes.

However, significant differences were found between natural areas and those used for
livestock farming. Treatments T1, T2, and T3 had lower moisture content, which is
associated with the amount of pore space. These soils have a lower capacity to store
water, partly due to the drainage carried out by producers in these areas, altering their
natural conditions when establishing pastures for livestock production.

Diameter and height. According to the analysis of variance, there are significant
statistical differences between the treatments (P<0.05) for these variables. The average
data for the diameter and height of the “tatucos” indicate that the highest value was
obtained in T3 with a high presence of “tatucos” >70%, with a diameter of 151.9 + 4.462
cm and a height of 22.7 + 2.59 cm. This was followed by T2, with a moderate presence
of “tatucos” between 50% to 70%, with a diameter of 133.4 £ 1.265 cm and a height of
15.7 £ 0.827 cm. Lastly, T1 with a low presence of “tatucos” < 50% had a diameter of
121.5 £ 2.41 cm and a height of 13 + 0.754 cm (Figure 5).
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Figure 5. Behavior of A. Diameter; B. Height, of mounds or “tatucos” present in histosols
with different levels of intervention. Different letters between treatments indicate
significant differences according to the Duncan test (P < 0.05). Vertical bars indicate the
standard error (n=3).

This variable is related to soil subsidence, where the “tatucos” indicate the initial level
of the soil, and the area surrounding the microrelief shows the effect of soil drainage,
excessive load-bearing capacity, and the consolidation process that occurs in these
layers as a result of livestock activity (IGAC, 2016).

According to the above and the results presented in T3, it showed the highest averages
in diameter (151.9 cm) and height (22.7 cm), indicating the changes in the soils
associated with these areas. In these areas, livestock activity has been carried out for
longer periods, which has increased the duration of cattle trampling, causing the soil to
sink and increasing the presence and size of “tatucos.”

Penetration resistance. It is an integrated index of soil consolidation, compaction,
moisture content, consistency, and structure. Additionally, it has been correlated with
root infiltration. According to Valenzuela & Torrente (2013), there is a relationship
between a wide range of soil types, moisture content, and bulk density.

The results show that treatments T1, T2, and T3 exhibit significant increases in
penetration resistance compared to TO (Figure 6). Thus, the surface layer T3 shows
the greatest increase with a value of 0.63 MPa, which is 15.7 times higher in resistance,
followed by T2 with 0.47 MPa and T1 with 0.41 MPa, representing increases of 11.7
and 10.2 times, respectively. At a depth of 10 cm, T3 shows the greatest increase with
0.44 MPa, representing 1.5 times increase, followed by T2 with 0.43 MPa and T1 with
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0.36 MPa, showing increases of 1.4 and 1.2 times, respectively. At a depth of 20 cm, T2
also leads with 0.38 MPa, followed by T1 with 0.33 MPa and T3 with 0.33 MPa, showing
an average for the three treatments of 1.2 times. At a depth of 30 cm, T2 shows the
greatest increase with 0.39 MPa, followed by T3 with 0.36 MPa and T1 with 0.33 MPa,
fluctuating for the three treatments between 1.7 and 1.5 times.
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A. areas with low level of degradation; B. areas with moderate level of degradation; C. areas with a
high level of degradation; D. areas without intervention. Different letters between treatments indicate

significant differences according to Duncan'’s test (P < 0.05). Vertical bars indicate the standard error
(n=3).

Figure 6. Behavior of the resistance to penetration of the mounds (tatucos) generated
in histosols with different degrees of intervention.

The above allows us to establish the effect of the different treatments on soil penetration
resistance, showing that in natural areas without livestock intervention, the values
of this property are lower than in treatments with such activity. On the other hand,
it is determined that as the soil profile deepens, the resistance decreases mainly due
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to two aspects: a) the pressure of the animal’s hooves on the first centimeters and b)
the increase in fiber content in the deeper horizons associated with the continuous
presence of moisture, as evidenced in the results of this research.

Livestock farming has become a factor that directly affects penetration resistance due to
the pressure exerted by the animal’s hoof. This is evident in the first few centimeters of
the soil profile, where the value of this property is higher and decreases with depth as
the fiber content increases. Taboada (2007) mentions that in livestock activities, surface
kneading of the soil occurs when it is repeatedly traversed and trampled with high
moisture content. Leading to a reduction in pore space, causing not only a loss of soil
stability but also a decrease in resistance, resulting in physical degradation due to the
sinking of animal hooves into the wet soil and forming small mounds called “tatucos.”

In T1, the samples taken from the “tatucos” exhibited low resistance values with an
average value of 0.36 MPa and a gravimetric humidity of 400.65%. Compared to T2 and
T3, this is due to the conditions found in the study area, which has a low presence of
“tatucos” (<50%) because these areas have been used for livestock farming for a shorter
period of time.

In T2, which has a moderate presence of “tatucos” (50 to 70%), resistance values of 0.42
MPa and a gravimetric humidity of 382.24% were observed. These values are higher
compared to TO and T1, and this is due to the greater number of livestock per unit
area, as reported by the producers. For T3, higher resistance was observed with average
values of 0.44 MPa and a gravimetric humidity of 419.9%, indicating greater pressure
on the soil due to livestock activity (Figure 7).

The results show that in the surface layer, T3 exhibits the highest resistance with 0.74
MPa, representing an increase of around 18.5 times compared to TO. It is followed by
T2 with 0.50 MPa, showing an increase of around 12.5 times, and T1 with 0.35 MPa,
with an increase of approximately 8.75 times. At a depth of 10 cm, T3 continues to show
the highest strength with 0.53 MPa, representing an increase of around 1.83 times.
T1 follows with 0.44 MPa, an increase of approximately 1.52 times, and T2 with 0.42
MPa, an increase of around 1.48 times. At a depth of 20 cm, T2 and T3 show the same
strength with 0.34 MPa, representing an increase of around 1.36 times, followed by T1
with 0.36 MPa, also with an increase of about 1.36 times. Finally, at a depth of 30 cm,
T1 shows the lowest strength with 0.28 MPa, representing an increase of approximately
1.27 times. This is followed by T3 with 0.25 MPa, an increase of about 1.14 times, and T2
with 0.26 MPa, an increase of around 1.18 times (Figure 7). These differences indicate a
significant variation among the treatments, with fluctuations in the relative position of
the treatments depending on the depth measured.
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A. areas with low degradation level; B. areas with moderate degradation level; C. areas with high
degradation level; D. areas without intervention. Different letters between treatments indicate significant
differences according to the Duncan test (P < 0.05). Vertical bars indicate the standard error (n=3).

Figure 7. Dynamics of soil infiltration resistance in areas adjacent to the mounds or
“tatucos” generated in histosols with different levels of intervention

For the adjacent area to the tatucos or “soil,” in T1, the RP had an average value of 0.36
MPa and a gravimetric humidity of 410.1%. In T2, a resistance of 0.38 MPa was obtained
with a gravimetric humidity of 459.57%, and for T3, it was 0.46 MPa with a gravimetric
humidity of 399.6%. The results obtained in the samples indicate that there is a higher
RP compared to the tatucos in the area surrounding the mound, as this is the area that
bears the weight of the animal during grazing.

On the other hand, in TO, the lowest values of infiltration resistance were obtained,
with an average of 0.20 MPa and 520.95% gravimetric humidity. These data indicate
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ease of infiltration with no cattle intervention, as in this case, being a conservation
forest for over 38 years and a wetland separated from livestock activity. These data are
characteristic of histosol soils. According to Da Rocha (1973) and Thériault et al. (2019),
the origin of this type of soil occurs under conditions of continuous water saturation
and insufficient oxygen circulation, resulting in slow decomposition of organic matter,
allowing its accumulation.

The results show that livestock farming generates processes of soil penetration
resistance because the continuous trampling of cattle reduces the pore space. This
is also observed in the high values of bulk density, as shown in T3, with the highest
resistance values combined with low gravimetric humidity. Ruiz et al. (2000) mention
that penetration resistance values are influenced by soil moisture because this property
is a determining factor in taking readings. During the drying process, soil particles
approach each other, causing an increase in soil resistance values.

Decomposition of organic matter. The degree of decomposition of organic matter
was determined by kneading these materials by hand in accordance with the guidelines
for soil taxonomy in 2022, observing the amount of fibers present (Bolivar & Ordéfiez,
2016). For the control treatment (T0), in general, two horizons were identified. The first
one ranged from 0 to 20 cm thick, composed of a layer called "Peat," which, according
to Huat (2006), is the accumulation of decomposed plant remains that have been
preserved under conditions of incomplete aeration and high water content, meaning in
areas with excessive rainfall and poorly draining soil.

For TO in the first horizon, there is a layer that contains a combination of mineral
materials and organic material that remains in an advanced state of decomposition
due to sedimentation processes in the area. Therefore, no field-kneading process was
required for this layer. In the second horizon, organic materials were found in a greater
proportion of fiber in an initial state of decomposition, with a thickness of 20 to 50 cm.
For this treatment, in its replicates corresponding to the secondary forest and wetland,
percentages between 93% to 98% of fiber were obtained before kneading, and after
kneading, it ranged from 41% to 47%. According to the United States Department of
Agriculture (2022), the degree of alteration of organic materials corresponds to fibric,
containing two-fifths or more than 40% by volume of fibers after grinding, excluding
coarse fragments.

For treatments 1, 2, and 3, three horizons were identified, with the first layer ranging
from 0 to 25 cm, the second from 13 to 44 cm, and the third from 24 to 50 cm. In the first
horizon, fiber percentages before kneading ranged from 1% to 10%, and after kneading,
they were between 0% and 2%, indicating a high degree of decomposition of organic
material considered sapric. IGAC (2016) states that, generally, the first layer exhibits
the highest degree of decomposition due to the aeration conditions it experiences, often
as a result of drainage activities carried out on the land. For the second depth, in some
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sectors of treatments 1 and 2, fiber percentages before kneading ranged from 45% to
75%, and after kneading, they were between 45% and 50%. This indicates a degree of
decomposition in a fibric state and is related to the time these areas have been managed
with livestock and where the effects of soil drainage have been less pronounced than in
the shallower layers, with these areas remaining saturated for most of the time.

On the other hand, in T3, the fiber percentages ranged from 20% to 36%, corresponding
to a higher degree of hemic decomposition compared to the other treatments. According
to IGAC (1995), these materials are usually found at depths of 25 cm or more in areas
that have been drained to greater depths and have been used for livestock activities
for an extended period. This prolonged use can influence the decomposition of plant
residues. In the deeper layers or horizons for all treatments and their repetitions, fiber
percentages ranging from 42% to 85% were obtained after kneading (fibric), indicating
organic materials with a low degree of decomposition. Based on the characteristics
described in the soil profiles, they correspond taxonomically to Hemic Haplofibrists,
euic, isomesic, which are characterized by most of their layers being in an initial
stage of decomposition (fibric) and at least one layer between 30cm and 130cm in
an intermediate stage of decomposition with a thickness of 25cm. At the family level,
according to the pH value determined with CaCl2, itis above 4.5, and its soil temperature
regime is established between 8 and 15°C (United States Department of Agriculture,
2022). This aligns with IGAC (2016), which reports that these materials are dominant in
the soils of the Campo Bello region due to the organic material composed of plant tissue
from the reed beds (totora). This last layer reflects the state of organic matter without
anthropogenic intervention, where the decomposition processes through material
oxidation have been minimal, preserving their natural characteristics.

CONCLUSIONS

[t was determined that the change of use in soils of organic origin, described as Hemic
Haplofibrists, euic, and isomesic in the study area currently destined for extensive
livestock production, has caused negative impacts on their physical properties. This is
how, in the areas with a high level of degradation (T3), an average mound (tatucos)
diameter of 151.9+4.46 cm with a height of 22.7+2.59 cm was observed. In terms of
physical properties in the area adjacent to the mound, the apparent density was 0.24
g.cm-3, the true density was 1.62 g.cm-3, and the penetration resistance was 0.71 MPa.
These values were significantly higher than those observed in non-intervention areas.
Therefore, it can be indicated thatthe change inland use is causing a significant alteration
in the physical properties of this type of soil, which is important for the agroecosystems
of the southern regions of Colombia.
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