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HE SOILS of the state of Durango are diverse and support a wide variety of vegetation types and

land uses of significant ecological, social, and economic importance. Grasslands, in particular,
are fragile forest ecosystems in the face of wildfires, since fire greatly affects soil properties such as
bulk density, porosity, mechanical resistance to penetration, infiltration, and soil permeability. This
research aimed to evaluate the effects of fire on the physical and hydrological characteristics of soils
in grasslands in the EI Salto region of Durango, Mexico. Two plots were identified and established: a)
a plot burned in January 2025, with a total impact on grassland biomass; b) a control plot adjacent to
the fire, which was not impacted by the fire and presents a characteristic grassland cover. According
to the results, the variables showed significant differences between the plots evaluated, except for
basic and accumulated infiltration. Specifically, initial infiltration decreased by 65% compared to the
control area, while humidity decreased by more than 30%. Baseline infiltration ranged from 32 to 56
mm h™' between the burned and control areas. After the fires, cumulative infiltration decreased by
38%. After the forest fire, the bulk density increased by 16% compared to the control plot (1.05 g cm’
%). On the other hand, total porosity behaved inversely to the soil's bulk density. The mechanical
resistance to penetration of the burned plot showed a decrease of 25.3%, and the permeability showed
the same trend where it was significantly reduced (<55%) with respect to the control plot.

Keywords: Wildfires, Infiltration, Bulk density, Porosity, Mechanical resistance to penetration,
Permeability.

1. Introduction

Soil is a complex, diverse and dynamic natural entity, which is considered key to global food security and
therefore to human well-being; in this sense, ecosystem services are all the tangible and intangible goods that the
soil provides, which are categorized as: provision and maintenance, regulation and cultural (Luna et al., 2022;
Cantl and Bejar, 2024). Soil has physical, hydrological, chemical, and biological properties, and its evaluation
allows us to diagnose the functioning of ecosystems (Ahmad et al., 2024; Rodriguez et al., 2024). However, the
soil is subject to different scenarios such as intensive land use, pollution, fires, climate change, among others,
which can have a direct impact on the balance of its properties and therefore on its health (Bai et al., 2018).
Specifically, the occurrence of fires generates an immediate impact on the dynamics of water in soils, since the
incineration and carbonization of biomass and soil cover generates changes in soil bulk density, porosity, texture,
color, moisture content and permeability and surface erosion; it should be noted that damage is a function of a
series of factors, such as the severity of the fire, type of vegetation and soil type (Mataix-Solera et al., 2011;
Agbeshie et al., 2022; Elakiya et al., 2023; Luna et al., 2024). It is important to mention that the use of fire is a
common practice that has been used in different types of vegetation as a tool for pasture management, ecosystem
restoration, and agricultural purposes, however, regardless of its use and origin, fire can affect entire ecosystems
(Ramos et al., 2024; Kumar et al., 2025); thus deteriorating the quality of the environmental services that these
ecosystems provide, cycling of soil nutrients, water retention and storage, carbon sequestration, and erosion
control, among others (Guleria et al., 2024).

In particular, grasslands are very important for humanity as they contribute to food and economic security
(Fraval et al., 2020); and when sustainable practices are in place, they allow for effective management of water
resources and soil (Davies et al., 2015; Stavi., 2019; Talat et al., 2025). But, these ecosystems are subject to
different agricultural and livestock uses where it is common to observe burns for the resurgence of tender
regrowth for livestock and weed elimination; nevertheless, Casas (2023) indicates that poor fire management
practices can lead to significant deterioration of soil resources and ecosystems; therefore, its use must consider
important aspects such as the characteristics of the terrain, vegetation, and climatic conditions. For example, the
use of fire in grasslands is usually carried out on large areas of land and during times of the year with prolonged
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droughts, so its management must be strictly responsible, considering that these ecosystems are very susceptible
to fires, since, if not controlled, their impact can be extensive, in addition to the fact that they can become very
intense, mainly due to the forest fuel load present (Rodriguez et al., 2020).

Stavi (2019) and Luna et al. (2024) cite that most fires are man-made; some may be started accidentally, others
by deliberate practice of prescribed burning, and some fires are started by arsonists. Specifically, in the state of
Durango, fires have annually affected large areas of shrub vegetation and grasslands; and according to National
Institute of Statistics and Geography [INEGI] (2017) grasslands represent approximately 40% of the total area of
the state (123200 Km?). In addition, based on statistics from the o National Forestry Commission [CONAFOR]
(2025); It can be inferred that this region of the country suffers significantly from the ravages of climate change,
which can be inferred by the number of forest fires that are registered annually and by the unusual dates of
occurrence, to mention, so far in 2025 (January-February) there have been 5 fires affecting mainly pine forest
and natural grassland.

Based on the above, the objective was to evaluate the effects of fire on the physical and hydrological
characteristics of the soil in grasslands in the region of El Salto, Durango, Mexico. In the region, it is worth
noting that there are many information gaps on the subject under study, so the results will be useful for making
decisions aimed at the sustainability of ecosystems and soil resources.

2. Materials and Methods
2.1. Location of study

The study area is located in the Sierra Madre Occidental region in the south of the state of Durango, in the place
called "Bajio atascoso" in the ejido José Maria Morelos, municipality of Pueblo Nuevo; between coordinates
23°50'57" N and -105°18'41" W (Fig. 1). According to Gonzalez-Elizondo et al. (2012) the dominant tree
vegetation is made up of Pinus cooperi C. E. Blanco, P. leiophylla Schiede ex Schltdl. & Cham., P. teocote
Schitdl. & Cham., P. engelmannii Carriére, Juniperus deppeana Steud., Quercus sideroxyla Bonpl. and Q.
durifolia Seemen. While the grasslands are mainly composed of the species of Muhlenbergia porteri Scribn.
The average annual rainfall varies from 600 to 1 000 mm in the driest parts to the wettest. The predominant soil
type is Regosol, which has very specific characteristics, as these are shallow soils with an unstable structure.
Therefore, the occurrence of forest fires can alter their physical and hydrological properties. (INEGI, 2010;
INEGI, 2017).
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Fig. 1. Location of study area.

Egypt. J. Soil Sci. 65, No. 3 (2025)



EVALUATION OF SOIL PHYSICAL AND HYDROLOGICAL PROPERTIES IN BURNED GRASSLANDS... 1545

2.2. Experimental design

To evaluate the physical and hydrological characteristics of the soil, within the study area, two plots measuring
100 x 100 meters (10000 m?) separated by a distance of 80 meters, were identified and established, which are
described below: a) burned plot of 2.4 hectares of surface, damaged by fire in January 2025 and with a total
impact on the biomass of the grassland; resulting in a decrease in the organic matter and the formation of a
significant layer of charred debris and ash with an average thickness of 2.5 cm. b) Control plot: An adjacent 4.9
hectare area, that was unaffected by the fire and retained the typical grassland cover (Fig. 2).

Fig. 2. Grassland areas evaluated.

2.3. Soil analysis

For soil analysis, in situ and ex situ measurements were carried out in each area to determine the physical and
hydrological variables of the soil, which are detailed below (Table 1).

Table 1. Variables to be considered in the present study.

Physical Hydrological
Bulk density Infiltration*

Total porosity Soil moisture**
Mechanical resistance to penetration Permeability

*= From the outside of the soil to the inside of the soil, *= soil surface
2.3.1. Bulk density and total porosity

The bulk density of the soil, expressed in grams per cm®, was obtained using the cylinder method, which
consisted of extracting eight samples (repetitions) of undisturbed soil from each area evaluated at an average
depth of 0-15 cm; the samples were placed in paper bags, labelled, and taken to the laboratory for drying and
weighing (Woerner, 1989); the following expression was then applied to the data obtained:

@

3 Dry weight of the soil sample in grams

Bulk density in grams per cm - - 3
Volume of cylinder in cm

While the total porosity of the soil was estimated using the aforementioned bulk density data; applying the
formula suggested by Lu et al. (2014), McPhee et al., (2015) and Yafiez et al. (2019):

O]
Bulk Density N

1
2.65 0

Total porosity (%)= 1-
Where: 2.65 = assumed particle density (grams per cm?)
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2.3.2. Mechanical Penetration Resistance

This variable was determined by using a digital push-pull force meter (VTSYIQI brand) (Fig. 3), which is
introduced vertically into the ground and the compression of the spring gives an on-screen reading, showing the
resistance caused by the hardness of the soil in kg cm? (Rodriguez et al., 2024).

Fig. 3. Device for determining mechanical resistance to penetration.
2.3.3. Infiltration

Three infiltration tests were carried out on each plot during February 20 and March 10, 2025; A double-ring
infiltrometer (metallic) was used for this purpose, with an inner diameter of 15 cm and an outer diameter of 30
cm and a height of 30 cm. Specifically, the process consisted of stripping the mineral soil, then both cylinders
were inserted into the soil at a depth of 5 cm; then a ruler was introduced in the inner cylinder to measure the
infiltration, then the water was added in both cylinders and finally the test began recording the readings for a
period of 180 minutes, when the water level reached 8 cm, the inner cylinder was recharged, depositing the water
slowly; The outer cylinder was filled when its level decreased (Luna et al., 2020). Simultaneously with the
infiltration tests, soil samples were extracted to determine the gravimetric moisture content (Woerner, 1989).

With the data obtained in the field, the variables that make up the infiltration process were calculated, which are
mentioned below:

Infiltration rate: defined as the capacity with which water enters the soil represented in mm h™* based on the
depth (in mm) of the sheet of water that manages to penetrate the soil in one hour (Castellanos-Navarrete et al.,
2013). The following equation was used for its determination (Zhang et al., 2017):

®)
I=In*t*600.

Where: | is the infiltration rate (mm h-'); In is the infiltration (cm); t is the time during the infiltration period
(minutes); and 600 is a conversion coefficient to mm h™.

Initial infiltration (mm h™): corresponds to the first reading of the infiltration test.

Basic infiltration (mm h™): at which point infiltration reaches a constant value, this condition is achieved when
the soil has reached its field capacity (Bejar et al., 2021). This is calculated from the averages of the last three
readings of the infiltration test (Yafiez et al., 2019).

Cumulative infiltration (mm): Considered as the sum total of the volumes of infiltrated water in the span of 180
minutes and is expressed in mm (Luna et al., 2024).

2.3.4. Soil moisture

Simultaneously with the infiltration tests, three small soil samples were taken at surface level (150 to 200 grams)
at each site, which were deposited in paper bags and their wet weight was recorded, then taken to the laboratory
where they were dried in an oven at a constant temperature of 105 °C for 24 hours. Finally, its dry weight was
obtained. Based on the above, the moisture content (W) of each sample was determined with the following
equation (Woerner, 1989):

)
Hs=W-D/D

Where: Hs= moisture content in %; W= wet soil weight expressed in grams; D= soil dry weight expressed in grams
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2.3.5. Permeability

The soil permeability was obtained from the use of unaltered samples, which were extracted using metal
cylinders with dimensions of 5 cm in height and 3.7 cm in diameter; the method consists of subjecting the
samples to saturation for 24 hours and then recording the time in which a column of water crosses the column of
saturated soil (Fig. 4). The following equation is applied to the results (Yafez et al., 2019; Luna et al., 2024):

®)
Ks=3.46 /AT

Where: Ks = soil permeability (cm s™); 3.46 = constant related to the volume of the cylinder (cm® A = cross-
sectional area of the cylinders (cm?) t = time in seconds

Fig. 4. Process for determining soil permeability.

2.4. Statistical analyses

The data of the variables of infiltration (initial [mm h™], basic [nm h™] and accumulated [mm]), soil moisture
(%), permeability (cm s™), bulk density (grams per cm?), total porosity (%) and mechanical resistance to
penetration (kg cm™) were subjected to the tests of normality and goodness of fit of Kolmogorov-Smirnov and
homogeneity of variances of Levene. Based on the results, the following analyses were performed:

* Student T-test (P < 0.05) for independent samples or, where appropriate, Mann-Whitney test to determine
significant differences in the variables between the areas evaluated.

All data were analysed using SPSS version 22 (International Business Machines [IBM], 2013).

3. Results

According to the results of the normality and homogeneity of variance tests, all variables met both statistical
assumptions (Table 2).

Table 2. Statistics of the Kolmovorov test and Levene's test.

MRP Ks BD Initial Basic  Cumulative Soil
(kg (cm s‘l) (grams (%) infiltration infiltration infiltration moisture
cm’) per cm®) (mmhr) (mmhr?)  (mm) (%)
n 16 16 16 16 9 9 9 9
Kolmovorov-Smirnov
Statistic value 0.110 0.187 0.135 0.135 0.286 0.231 0.223 0.167
P value 0.200 0.200 0.200 0.137 0.136 0.200 0.200 0.200
Levene Test

Statistic value 0.261 0.262 0.574 0.574 0.400 1.293 0.139 0.800
P value 0.616 0.619 0.461 0.461 0.516 0.319 0.728 0.422

MRP: Mechanical Resistance to Penetration; Ks: Permeability; BD: Bulk density; P%: Porosity.
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3.1. Infiltration

Fig.5 shows the average infiltration curves over the 180-minute test period. Three distinct moments can be
identified, corresponding to the initial infiltration period, where the infiltration rate reached its maximum in both
areas, remaining constant for a brief period before gradually decreasing until reaching 60 minutes of the
infiltration test. Finally, the curves tend to exhibit asymptotic behavior after the 120-minute evaluation period,
which is referred to as the basic infiltration capacity of the soil.
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Fig. 5. Average infiltration curves per plot evaluated.

Table 3 presents the descriptive statistics for the variables involved in the infiltration process, as well as soil
surface moisture. The statistics for the independent samples t-test are also presented. Only the initial infiltration
and soil moisture variables showed significant differences between the evaluated plots. Only the initial
infiltration and soil moisture variables showed significant differences between the evaluated plots. In particular,
initial infiltration decreased by 65% compared to the control area, while moisture decreased by more than 30%.
Basic infiltration ranged from 32 to 56 mm h™' between the burned and control areas, representing a 43%
decrease. Cumulative infiltration was similar between the two plots; however, after the fires, this variable
decreased by 38%.

Table 3. Descriptive statistics of the infiltration variables.

Variables Plots n Mean Standard Mean standard

deviation error
L 1 Burned 3 680a 34.64102 20
Initial infiltration (mm hr ™)
Control 3 1940b 481.24838 277.84888
o 1 Burned 3 32.0444a 10.98308 6.34109
Basic infiltration (mm hr ™)
Control 3 55.7778a 22.33416 12.89463
L Burned 3 181.6667a 94.93331 54.80977
Cumulative infiltration (mm)
Control 3 292.3333a 133.55274 77.10671
Soil mosture (%) Burned 3 7a 1 0.577350
Control 3 11b 2 1.15470

Different letters indicate significant differences (P < 0.05).
3.2. Bulk density, soil porosity, mechanical penetration resistance and permeability

According to the independent samples t test, all variables showed highly significant differences between the
evaluated plots (P < 0.05); this allows us to define that the occurrence of the fire led to changes in soil physics
(structure, density and soil porosity) derived from the combustion of soil organic matter and vegetation, which
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results in changes in the internal movements of water in the soil. Fig. 6 describes the behavior of the bulk
density, where it can be seen that after the occurrence of the forest fire this soil variable increased significantly
(16%), compared to the control plot (1.05 grams per cm?). On the other hand, the total porosity, being a variable
intrinsically related to the bulk density of the soil, presents an inverse behavior, in particular this variable
oscillated between 55 (burned plot) and 64 % (control plot).

Coatrol plot = 3 = h

Ru:nl‘d pl“' l’ _An

0 03 0.6 0.9 1.2 1.5 0 10 20 3 40 50 60 il

Bulk density grams per cm’ P %

Fig. 6. Bulk density and porosity of the soil per plot evaluated. Different letters indicate significant
differences (P < 0.05).

According to Table 4, the mechanical resistance to penetration of the burned plot showed a decrease of 25.3%,
and the permeability showed the same trend where it was significantly reduced (<55%) with respect to the
control plot. In general, these results indicate that the upper layer of the Regosol type soil presents high
sensitivity to the elimination of aerial and superficial cover derived from the occurrence of forest fires, which
directly affects the physical and hydrological stability of the soil.

Table 4. Average values of resistance to mechanical penetration and soil permeability.

Variables Burned plot Control plot
Mechanical penetration resistance (kg cm?) 13.95a 18.67b
Permeability (cm s™) 0.0011a 0.0024b

Different letters indicate significant differences (P < 0.05).

4, Discussion

The results of the soil analysis for the present study show that the occurrence of forest fires and grassland
ecosystems cause significant differences in the physical and hydrological properties of the soil, which can lead to
negatively affecting the functionality of the ecosystem (Luna et al., 2024). This has already been demonstrated in
different studies in different ecosystems (temperate forests, lowland rainforests, desert areas, etc.), where the
majority agree that the elimination of vegetation and soil cover has an immediate impact on water flows in the
soil and its aggregation (Ravi et al., 2009; Stavi., 2019; Garcia et al., 2023; Dhungana et al., 2024). Although the
effects of fires on the soil depend on multiple factors such as vegetation type, land cover and meteorological
conditions, which can be enhanced by climate change, land use changes, proximity to urban areas and human
intervention (Reyes and Balcézar, 2021); for all or the above, its comprehensive assessment is of utmost
importance in order to define actions that lead to restoring and improving its pre-fire condition.

According to the infiltration results, the variable that showed a notable change was the initial infiltration,
registering a considerable decrease compared to the control, which was attributed to the changes caused by the
occurrence of the fire; where the physical variables in the first centimeters of the soil are significantly modified
by its disaggregation, by the accumulation of charred remains and ashes and by the erosive effect of the wind,
which directly affects water flows in the soil (Stavi., 2019; Carra et al., 2021). In this sense, Luna et al. (2024)
mentios that the effects of surface fires are immediately reflected in the size and distribution of soil pores;
because the characteristics of the fire residues that combine with soil particles tend to increase their repellency
(hydrophobicity) preventing the transit of water from the surface part to the interior of the soil profile (Copaja et
al., 2023; Garcia et al., 2025), which can lead to flooding, runoff, contamination of water bodies and floods
(Vazquez et al., 2018; Carra et al., 2022).

On the other hand, the basic and accumulated infiltration in the burned plot presented a similarity with respect to
the control plot, which may be subject to the type of fire, which due to its characteristics can be categorized as
low intensity, presenting only an affectation in the superficial layer of the soil due to the accumulation of
hydrophobic material, which is reflected in the behavior of the initial infiltration variable (Saneugenio et al.,
2023; Luna et al., 2024). Subsequently, this resistance was reduced, thus improving the soil's capacity to

Egypt. J. Soil Sci. 65, No. 3 (2025)



1550 ERIK ORLANDO LUNA ROBLES et al.

infiltrate water, which is reflected in the results of the present study. Based on the basic infiltration rate classes
recognized by the United States Department of Agriculture's Natural Resources Conservation System (USDA.
2001), in the control plot was categorized as moderate (50 to 120 mm hr™) and in the burned plot it was defined
as moderately slow (15 to 50 mm hr™). Soil moisture contents showed a significant variation attributed to the
fact that the removal of soil cover and vegetation caused by forest fires leads to a reduction in the capacity to
intercept, retain and evaporate water levels (Rodriguez et al., 2014), in addition to the modification of soil
conditions that sometimes, due to the type of fire, can form an impermeable layer on the soil surface that
potentially affects infiltration and also favors surface runoff (Gonzalez-Pelayo et al., 2024).

According to Woerner (1989), the bulk density of the soil in the control plot was categorized as very low, after
the occurrence of the fire this variable increased slightly to a low status (> 1.20 g cm-3). This trend has been
reported by multiple studies where they mention that fire, whether in any type of ecosystem (pine forests, oak,
jungles, scrublands and grasslands) and land use, causes significant modifications in the density of the soil and
therefore other variables such as soil porosity, permeability and water infiltration into the soil are modified
(Granged et al. 2011; Jordéan et al. 2011; Heydari et al. 2017; Kumar et al., 2025). This can be attributed to the
obstruction of micro and macro pores by the presence, accumulation, and dispersion of ash and clays generated
by fires (Alcafiiz et al., 2018; Luna et al., 2024). On the other hand, Strydom et al. (2024) point out that fire
reduces soil permeability in the short term, which was reflected in the present study. Despite, this variable tends
to recover after one or two years due to the solubilization, leaching, runoff, and wind erosion of ash from the
soil. Mechanical resistance to soil penetration decreased significantly after the fire; Agbeshie et al. (2022) and
Luna et al. (2024) mention that this variable tends to decrease; due to the loss of soil organic matter, which
weakens the structure and aggregation of the soil, which also makes it more susceptible to erosion; although, its
degree of affectation directly depends on the intensity and type of fire.

5. Conclusions

In summary, our results indicate that the soil's physical and hydrological properties showed changes following
the occurrence of the wildfire. This impact was evident in the soil's bulk density, porosity, mechanical resistance
to penetration due to the presence of ash, particulate matter, and changes in soil aggregation. These changes
together caused significant changes in the soil's pore space and, consequently, in water movement both within
and above the soil profile. From a conservation perspective, the control plot remains intermediate in the
assessment of the soil's physical and hydrological properties, making it possible to clearly distinguish the effects
of the wildfire. Vegetation is a key factor in soil health, as maintaining soil cover regulates the soil's physical and
hydrological processes. The results obtained can be useful in decision-making for those responsible for the
region, considering that fires have gradually increased over the last five years.

List of abbreviations:

MRP (kg cm™): Mechanical Resitence to Penetration

Ks (cm s™): Permeability in centimeter per second

BD (grams per cm®): Bulk density in grams per cubic centimeter

P%: Porosity as a percentage

The article contains no such material that may be unlawful, defamatory, or which would, if published, in any
way whatsoever, violate the terms and conditions as laid down in the agreement.

Declarations

Ethics approval and consent to participate

Consent for publication: The article contains no such material that may be unlawful, defamatory, or which
would, if published, in any way whatsoever, violate the terms and conditions as laid down in the agreement.
Availability of data and material: Not applicable.

Competing interests: The authors declare that they have no conflict of interest in the publication.

Funding: Not applicable.

Authors’ contributions: EOLR responsible for research idea, designing the experiment, and writing the
manuscript. FJH Support in experiment design. SIBP Support in data analysis: JGC, IRR and JELS general
revisions and corrections. All authors read and agree for submission of manuscript to the journal
Acknowledgments: The authors thank TECNM for the support provided for the development of the research.

References

Agbeshie, A. A., Abugre, S., Atta-Darkwa, T., & Awuah, R. (2022). A review of the effects of forest fire on soil properties.
Journal of Forestry Research, 33(5), 1419-1441. Doi: 10.1007/s11676-022-01475-4

Alcafiiz, M., Outeiro, L., Francos, M., & Ubeda, X. (2018). Effects of prescribed fires on soil properties: A review. Science of

Egypt. J. Soil Sci. 65, No. 3 (2025)



EVALUATION OF SOIL PHYSICAL AND HYDROLOGICAL PROPERTIES IN BURNED GRASSLANDS... 1551

the Total Environment, 613, 944-957. Doi: 10.1016/j.scitotenv.2017.09.144

Ahmad, R., Hassan, A., Sheikh, T., Shakil, M., Nisa, R. U., Alkilayh, O. A,, ... & Sayyed, R. Z. (2024). Assessment of the
sustainability of land use systems through sensitive indicators of soil quality and biophysical properties in temperate
ecosystem. Egyptian Journal of Soil Science, 64(4), 1389-1406. Doi: 10.21608/ejss.2024.294037.1780

Bai, Z., Caspari, T., Gonzalez, M. R., Batjes, N. H., Mader, P., Blinemann, E. K., ... & T6th, Z. (2018). Effects of agricultural
management practices on soil quality: A review of long-term experiments for Europe and China. Agriculture, ecosystems
& environment, 265, 1-7. Doi: 10.1016/j.agee.2018.05.028

Bejar, S. J., Cantu-Silva, ., Yafiez-Diaz, M. I., & Luna-Robles, E. O. (2021). Evaluacion y prediccién de la infiltracién en un
Andosol bajo diferentes usos de suelo. Revista mexicana de ciencias agricolas, 12(7), 1171-1183. Doi:
10.29312/remexca.v12i7.2327

Cantq, 1., & Bejar, S. J. (2024). Impacts of land use change on carbon and nitrogen stocks in an Andosol in Michoacan,
Mexico. Egyptian Journal of Soil Science, 64(3), 1305-1314. Doi: 10.21608/ejss.2024.285526.1757

Carra, B. G., Bombino, G., Denisi, P., Plaza-Alvarez, P. A., Lucas-Borja, M. E., & Zema, D. A. (2021). Water infiltration
after prescribed fire and soil mulching with fern in mediterranean forests. Hydrology, 8(3), 95. Doi:
10.3390/hydrology8030095

Carrd, B. G., Bombino, G., Lucas-Borja, M. E., Plaza-Alvarez, P. A., D'Agostino, D., & Zema, D. A. (2022). Prescribed fire
and soil mulching with fern in Mediterranean forests: Effects on surface runoff and erosion. Ecological Engineering, 176,
106537. Doi: 10.1016/j.ecoleng.2021.106537

Casas, R. Incendios de bosques y pastizales. Columna de opinidn de la revista Fundacion para la Educacion, la Ciencia y la
Cultura (FECIC). Auvailable in: https://fecic.org.ar/incendios-de-bosques-y-
pastizales/?gclid=CjwKCAjw61iiBhAOEiwALNqgncSIXc79qcPIJnUOOO7hdIKV0cd7xMI4N4SFQENbzgLQNUEV7Q-
0zxqBoCwRcQAvVD_BwE

Castellanos-Navarrete, A.; Chocobar-Guerra, A.; Cox, R.; Fonteyne, S.; Govaerts, B.; Jespers, N. y Verhulst, N. 2013.
Infiltracion: guia Gtil para comparar las précticas de manejo de cultivo. Centro Internacional del Maiz y Trigo
(CIMMYT). México, DF. 8 p. Available in: https://repository.cimmyt.org/server/api/core/bitstreams/711dd7ba-6¢3f-
4a85-87ac-5d5e2666943e/content

Copaja, S. V., Lépez, M. L., & Bravo, H. R. (2023). Dynamic of indole alkaloids in a soil and its relationships with
allelopathic properties. Journal of the Chilean Chemical Society, 68(1), 1-9. Doi: 10.4067/s0717-97072023000105787

Davies, J., Ogali, C., Laban, P., & Metternicht, G. (2015). Homing in on the range: enabling investments for sustainable land
management. Technical brief, 29(01), 2015.

Dhungana, B. P., Chhetri, V. T., Baniya, C. B., Sharma, S. P., Ghimire, P., & Vista, S. P. (2024). Post-fire Effects on Soil
Properties in High altitude Mixed-conifer Forest of Nepal. Trees, Forests and People, 17, 100633. Doi:
10.1016/j.tfp.2024.100633

Elakiya, N., Keerthana, G., & Safiya, S. (2023). Effects of Forest fire on soil properties. International Journal of Plant & Soil
Science, 35(20), 8-17. Doi: 10.9734/1JPSS/2023/v35i203780

Fraval, S., Yameogo, V., Ayantunde, A., Hammond, J., De Boer, I. J., Oosting, S. J., & Van Wijk, M. T. (2020). Food
security in rural Burkina Faso: the importance of consumption of own-farm sourced food versus purchased food.
Agriculture & Food Security, 9, 1-17. Doi: 10.1186/s40066-020-0255-z

Garcia, AK, Canty, I., Gonzélez, H., Himmelsbach, W., Molina, E., & Yafiez, MI (2025). Efectos Hidrofébicos en Suelos
Quemados a Diferentes Intensidades. REVISTA Terra Latinoamericana , 43. Doi:
10.28940/terralatinoamericana.v43i.1965

Garcia, M., Garcia-Orenes, F., Arcenegui, V., & Mataix-Solera, J. (2023). The recovery of Mediterranean soils after post-fire
management: The role of Biocrusts and soil microbial communities. Spanish Journal of Soil Science, 13, 11388. Doi:
10.3389/sjs5.2023.11388

Gonzélez-Elizondo, M. S., Gonzalez-Elizondo, M., Tena-Flores, J. A., Ruacho-Gonzélez, L., & Lopez-Enriquez, I. L. (2012).
Vegetacion de la Sierra Madre Occidental, México: Una sintesis. Acta botanica mexicana, (100), 351-403. Doi:
10.21829/abm100.2012.40

Gonzélez-Pelayo, O., Prats, S. A., van den Elsen, E., Malvar, M. C., Ritsema, C., Bautista, S., & Keizer, J. J. (2024). The
effects of wildfire frequency on post-fire soil surface water dynamics. European Journal of Forest Research, 143(2),
493-508. Doi: doi.org/10.1007/s10342-023-01635-z

Granged, A. J., Zavala, L. M., Jordan, A., & Barcenas-Moreno, G. (2011). Post-fire evolution of soil properties and
vegetation cover in a Mediterranean heathland after experimental burning: A 3-year study. Geoderma, 164(1-2), 85-94.
Doi: 10.1016/j.geoderma.2011.05.017

Guleria, V., Kshitij Singh, S., & Kaushal, S. (2024). Forest fires induced alterations on soil physicochemical and
microbiological properties. International Journal of Ecology and Environmental Sciences, Volume 6, Issue 2, p 7-12

Heydari, M., Rostamy, A., Najafi, F., & Dey, D. C. (2017). Effect of fire severity on physical and biochemical soil properties

Egypt. J. Soil Sci. 65, No. 3 (2025)


https://fecic.org.ar/incendios-de-bosques-y-pastizales/?gclid=CjwKCAjw6IiiBhAOEiwALNqncSlXc79qcPJnUOOO7hdIKV0cd7xMI4N4SFqENbzqLQNuEv7Q-0zxqBoCwRcQAvD_BwE
https://fecic.org.ar/incendios-de-bosques-y-pastizales/?gclid=CjwKCAjw6IiiBhAOEiwALNqncSlXc79qcPJnUOOO7hdIKV0cd7xMI4N4SFqENbzqLQNuEv7Q-0zxqBoCwRcQAvD_BwE
https://fecic.org.ar/incendios-de-bosques-y-pastizales/?gclid=CjwKCAjw6IiiBhAOEiwALNqncSlXc79qcPJnUOOO7hdIKV0cd7xMI4N4SFqENbzqLQNuEv7Q-0zxqBoCwRcQAvD_BwE

1552 ERIK ORLANDO LUNA ROBLES et al.

in Zagros oak (Quercus brantii Lindl.) forests in Iran. Journal of Forestry Research, 28, 95-104. Doi: 10.1007/s11676-
016-0299-x

International Business Machines (IBM). 2013. SPSS Statistics 22.0 Available for Download. Armonk, NY, United States of
America. IBM Corp. Available in: https://www.ibm.com/support/pages/spss-statistics-220-available-download.

Jordan, A., Zavala, L. M., Mataix-Solera, J., Nava, A. L., & Alanis, N. (2011). Effect of fire severity on water repellency and
aggregate stability on Mexican volcanic soils. Catena, 84(3), 136-147. Doi: 10.1016/j.catena.2010.10.007

Kumar, V., Dev, M., Janaagal, M., Pooja, P., Kumari, G., Devendrappa, P. S., ... & Khyalia, P. (2025). Effect of Rice Crop
Residue burning on Soil Physico-Chemical attributes: a study on Indian soil. Egyptian Journal of Soil Science, 65(1).
Doi: 10.21608/ejss.2024.311497.1841

Lu, S. G, Sun, F. F., & Zong, Y. T. (2014). Effect of rice husk biochar and coal fly ash on some physical properties of
expansive clayey soil (Vertisol). CATENA, 114(114), 37-44. Doi: 10.1016/j.catena.2013.10.014

Luna R., E. O,, I. Cantd S. y S. J. Bejar P. 2022. Efectos del cambio climético en la gestion sostenible del recurso suelo.
Tecnociencia Chihuahua 16(3):1-21. Doi: 10.54167/tch.v16i3.1097

Luna, E. O., Alvarez, D. O., Rodriguez, ., Torres, U., Hernandez, F. J., & Bejar, S. J. (2024). A case study of the physical
and hydrological characteristics of the soil after the occurrence of forest fires in Durango, Mexico. Egyptian Journal of
Soil Science, 64(4), 1511-1524. Doi: 10.21608/ejss.2024.307105.1822

Luna, E. O., Cantq, 1., Yafiez Diaz, M. ., Gonzalez Rodriguez, H., Marmolejo Monsivdis, J. G., & Béjar Pulido, S. J. (2020).
Ajuste de modelos empiricos de infiltracion en un Umbrisol bajo diferentes tratamientos silvicolas. Revista mexicana de
ciencias forestales, 11(57), 132-152. Doi: 10.29298/rmcf.v11i57.643

Mataix-Solera, J., Cerda, A., Arcenegui, V., Jordan, A., & Zavala, L. M. (2011). Fire effects on soil aggregation: A review.
Earth-Science Reviews, 109(1-2), 44-60. Doi: 10.1016/j.earscirev.2011.08.002

McPhee, J. E., Aird, P. L., Hardie, M. A., & Corkrey, S. R. (2015). The effect of controlled traffic on soil physical properties
and tillage requirements for vegetable production. Soil and Tillage Research, 149, 33-45. Doi:
10.1016/j.still.2014.12.018

National Forestry Commission [CONAFOR] (2025). Concentrado Nacional De Incendios Forestales. Available in:
https://monitor-apoyos.cnf.gob.mx/incendios_tarjeta_diaria

National Institute of Statistics and Geography (INEGI). 2010. Compendio de informacion geografica municipal 2010. Pueblo
Nuevo, Durango. Clave geoestadistica 10023. INEGI. Aguascalientes, Ags., México. 9 p. Available in:
https://www.inegi.org.mx/contenidos/app/mexicocifras/datos_geograficos/10/1002 3.pdf.

National Institute of Statistics and Geography (INEGI). 2017. Anuario estadistico y geogréafico de Durango 2017. INEGI.
Aguascalientes, Ags., México. 501 p. Available in:
https://datatur.sectur.gob.mx/ITXEF_Docs/DGO_ANUARIO_PDF.pdf.

Ramos, M. P., Tigua, M. J., Baque, J. B., Manrique, T. O., & Castro, A. L. (2024). Efectos del fuego sobre caracteristicas
fisico-quimicas y nutricionales del suelo en tierras de vocacion forestal. Madera y Bosques, 30(1), 3012509-e3012509.
Doi: 10.21829/myb.2024.3012509

Ravi, S., D’Odorico, P., Wang, L., White, C. S., Okin, G. S., Macko, S. A., & Collins, S. L. (2009). Post-fire resource
redistribution in desert grasslands: a possible negative feedback on land degradation. Ecosystems, 12, 434-444. Doi:
10.1007/s10021-009-9233-9

Reyes, F., & Balcézar, C. (2021). Factores que inciden en la probabilidad de ocurrencia de incendios forestales en
Ecuador. FIGEMPA.: Investigacion y Desarrollo, 11(1), 50-60. Doi: 10.29166/revfig.v11i1.2634

Rodriguez, D. A., Martinez-Mufioz, P., Pulido-Luna, J. A., Martinez-Lara, P. J., & Cruz-L6pez, J. D. (2020). Combustibles,
comportamiento del fuego y emisiones en un pastizal y una sabana artificiales en Chiapas, México. Revista de Biologia
Tropical, 68(2), 641-654. Doi: 10.15517/rbt.v68i2.33954

Rodriguez, 1., Luna Robles, E. O., Aguirre Calderon, C. E., Bejar Pulido, S. J., & Alvarez Favela, D. O. (2024). Evaluacién
de las propiedades fisicas e hidroldgicas de un Vertisol con diferentes usos de suelo. Revista mexicana de ciencias
forestales, 15(84), 105-131. Doi: 10.29298/rmcf.v15i84.1463

Saneugenio, F. E., Aparicio, V. C., Parhizkar, M., Esparza, E. T., Morera, A. G., Costa, J. L., ... & Cerda, A. (2023). El
impacto del fuego sobre la capacidad de infiltracion del suelo. El caso del Surar de Pinet. In Geografia: cambios, retos y
adaptacion: libro de actas. XVIII Congreso de la Asociacion Espafiola de Geografia, Logrofio, 12 al 14 de septiembre de
2023 (pp. 97-106). Asociacion Espafiola de Geografia.

Stavi, . (2019). Wildfires in grasslands and shrublands: A review of impacts on vegetation, soil, hydrology, and
geomorphology. Water, 11(5), 1042. Doi: 10.3390/w11051042

Strydom, T., Smit, I. P., & van Tol, J. J. (2024). The effect of time since last fire occurrence on selected soil hydrological
properties in a South African savanna. Plant and Soil, 1-13.Doi: 10.1007/s11104-024-06763-y

Talat, A. E., Feng, R., Liu, G, Xie, J., Cai, Z., & Wang, J. (2025). Simulated Experimental Effect of Bulk Density on

Egypt. J. Soil Sci. 65, No. 3 (2025)


https://www.ibm.com/support/pages/spss-statistics-220-available-download

EVALUATION OF SOIL PHYSICAL AND HYDROLOGICAL PROPERTIES IN BURNED GRASSLANDS... 1553

Infiltration Rate of China’s Loess Plateau. Egyptian Journal of Soil Science, 65(1). Doi: 10.21608/ejss.2024.328370.1886

U.S. DEPARTMENT OF AGRICULTURE [USD]. (2001). Soil Quality Test Kit Guide. Natural Resources Conservation
Service. Https://Www.Nrcs.Usda.Gov/Sites/Default/Files/2022-10/S0il%20Quality%20Test%20Kit%20Guide.Pdf

Vazquez, A., Ortiz Rodriguez, A. J., Palacio Aponte, A. G., & Mufioz Robles, C. A. (2018). Escorrentia y produccion de
sedimentos en encinares incendiados de la Sierra Madre Oriental, México. Revista mexicana de ciencias forestales, 9(48),
4-26. Doi: 10.29298/rmcf.v8i48.121

Woerner, M. (1989). Métodos quimicos para el analisis de suelos calizos de zonas aridas y semiaridas. Dpto. Agroforestal,
Facultad de Ciencias Forestales, Universidad Autdnoma de Nuevo Leon. Linares, Nuevo Ledn, México.

Yafez, M. ., I. Cantu-Silva, H. Gonzalez-Rodriguez & L. Sanchez-Castillo. (2019). Effects of land use change and seasonal
variation in the hydrophysical properties in Vertisols in northeastern Mexico. Soil Use and Management 35(3):378- 387.
Doi: 10.1111/sum.12500.

Zhang, J., T. Lei, L. Qu, P. Chen, X. Gao, C. Chen & G. Su. (2017). Method to measure soil matrix infiltration in forest soil.
Journal of Hydrology 552: 241-248. Doi: 10.1016/j.jhydrol.2017.06.032.

Egypt. J. Soil Sci. 65, No. 3 (2025)



