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he amount of stored organic carbon in the forest soil depends, among other factors, on the

quantity of organic litter left after the application of the silvicultural treatments during the
different stages of forest growth. Considering the above, the objective of this study was to evaluate
the quantity of the soil organic carbon (SOC) stored at two soil depths (0-20 cm and 20-40 cm) as a
response to the application of a liberation cutting, four thinning and a seed tree regeneration method
applied to different stands, effects that were contrasted against a control 60-year old stand. The results
indicate that SOC ranged from 60.0 to 115.6 Mg ha! for the 0-20 cm soil depth and from 39.5 to 76.5
Mg ha! to the 20-40 cm soil depth. All the stands stored more SOC than the control, which registered
an average accumulated reserve of 99.5 Mg ha. The liberation cutting presented the highest reservoir
with 192.1 Mg ha’. Changes in the vegetation cover caused by the cut intensities applied directly
influence SOC reserves. In general, the Cambisol soils are good SOC reservoirs where the MDS was
applied.

Keywords: Environmental services, cutting intensity, vegetation cover, edaphic system, carbon
sequestration.

1. Introduction quantity of the deposited organic debris depends on
. ] . . the type and intensity of the applied silvicultural
Soil organic carbon (SOC) is a key factor in the treatment to the forest mass. The intensity of the
sustained  function of forest ecosystems. It applied  silvicultural ~ treatments  modifies
maintains or improves soil health; therefore, forest environmental  conditions,  affecting  local
production. By storing up to 1500 Pg of organic temperature, humidity and soil pH (Aryal et al.,
carbon in the soil (doubles and triples what is stored 2013 Liu et al., 2016; Jandl et al., 2021).
in the atmosphere and terrestrial vegetation, From the practical point of view, regeneration
respectively) (Veni et al., 2020, Wang et al., 2021), methods and intermediate  treatments are
it becomes a potential contributor in climate change silvicultural ~ strategies widely used in forest
mitigation, considered one of the most important management to promote species regeneration and
global problems affecting humanity (EIGhamry et enhance tree growth, respectively. The size of the
al., 2024). However, depending on land use and free spaces must be large enough to promote light,
management it can also become a source of carbon water and nutrient that guarantee the establishment
emissions (Shivangi et al., 2024). In particular, of the new plants and maximize vegetation growth
temperate forest_sons to store on average 120t C during its growing period (Chase et al., 2016).
per hectare, making them an important sink (Pan et During the last decade, it has been reported that the
al., 2011; Luna et al., 2022). Therefore, it is modification of the canopy structure has had a
necessary to implement good management practices direct impact on the soil properties, including the
over time that allow you to increase and/or capacity of the carbon reservoir (Zhang et al., 2016;
conserve  your carbon reserves significantly Kurniawan et al., 2018; Luna et al., 2022). Huang
(Elbasiouny et al., 2019). _ et al. (2011), Picchio et al. (2012) and Luna et al.
Organic carbon stocks are determined by the (2021) pointed out that the forest management
decomposition rates of the accumulated organic system (continuous and non-continuous forest
material which is deposited over the soil after the systems), the intensity of the applied sylvicultural

application of the silvicultural treatments. The
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treatment and the harvesting activities directly
influence the degree of soil alteration.

Since the beginning of forest management in
Durango state, dated approximately from the
beginning of the twentieth century (Vargas, 2006),
different management methods have been
implemented to temperate forest. Between them,
the Irregular Forest Management Mexican Method
(MMOBI) and Silvicultural Development Method
(MDS) are the most widely used (Pérez et al.,
2013). Specifically, the MDS, whose objective is to
get regular stands maximizing the wood productive
potential of the site, contemplates the classification
of the forest stands by age classes. The treatments
applied (regeneration, liberation first, second, third
and four thinning) are related to each each age
class. (Lopez et al., 2017; Torres et al., 2018; Pérez
et al., 2020).

Although the relationship  between  forest
management and the carbon cycle has been widely
evaluated in forest ecosystems, most studies focus
on analyzing the effects on the carbon sequestration
capacity of biomass, despite the importance and
capacity of the soil to capture carbon, contributing
to the mitigation of climate change. Based on the

above, the objective of this study was to evaluate
the relationship between the capacity of the soil
organic carbon reservoir and different residual
stand densities left after the application of the
silvicultural ~ practices  considered by the
Silvicultural Development Method (MDS) in a
Cambisol soil.

2. Materials and methods
2.1. Location of study

The study area is located in the Ejido El Brillante
belonging to the municipality of Pueblo Nuevo in
Durango, Mexico, within the Sierra Madre
Occidental. The main vegetation is composed of
Pinus and Quercus species (Gonzalez et al., 2012).
The average altitude is 2580 m and the dominant
soil is Cambisol. This type of soil is characterized
by being a young little developed soil. The B
horizon, in formation from the parent material,
consists of sandstones, alluviums, limestones and
conglomerates. The precipitation and temperature
range of 800-2000 mm and 8-26° C, respectively.
(INEGI, 2010) (Fig. 1).
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Fig. 1. Location of study.

2.2. Description of the stands evaluated

Seven stands of different ages each one, but with
similar species composition and same type of soil,
climate and site quality condition, were selected to
represent the different forest growth stages
developed during the rotation period by each stand
(Walker et al., 2010; Pérez et al., 2020). According
to the MDS, which is a sylvicultural method applied
in México, each stand must receive a silvicultural
treatment every ten years during a 60 year rotation
period in the following sequence: a) at the end of the
rotation age, the regeneration seed tree method, b)

Egypt. J. Soil Sci. 64, No. 3 (2024)

after the seedling establishment, a liberation
treatment and c) during a 40 year growing period,
four sequential thinning called first, second, third
and fourth thinning. Every one of six stands received
one of the treatments above described to simulate
the treatments chrono sequence that must receive
every stand during its entire life. One of the stand,
close to the rotation age and without treatments, was
selected as a control.

2.3. Sampling

In each one of the seven stands, four sites were
randomly selected to collect in each site four soil
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subsamples that were mixed to generate composited
samples of approximately 1 kg at two depths, 0-20
cm and 20-40 cm depth, respectively. Before to
collect de mineral soil, the leaf litter and humus
present over the superficial mineral soil was
removed to expose it; then, the mineral soil was
removed at each one of the depths mentioned and
mixed to homogenize it in order to create composite
samples. The soil samples were put in labelled
plastic bags to be brought to the laboratory. In the
laboratory, the soil samples, before to be stored for
further analysis, were dried at room temperature and
passed over a 2 mm sieve to classify the soil by
particle size (Luna et al., 2021).
2.4. Estimation of organic matter and organic
carbon
The organic matter content of the soil samples was
determined by the Walkley and Black method.
Through this method, the soil samples are digested
with sulfuric acid (H,SO4) and oxidized with a
standardized solution of potassium dichromate
(K2Cr207). The carbon percentage was determined
using the Van Bemmelen factor, which assumes that
58% of organic matter is composed of carbon
(Woerner, 1989; Cantl and Yafiez, 2018).
2.5. SOC reservoir (Mg ha'l)
The estimation of SOC (Mg ha*) was estimated with
the equation described by Gonzélez et al. (2008):
S0C = %C+BD D

Where:

SOC = Soil Organic Carbon expressed in Mg ha*
%C = Percentage of carbon

BD = Bulk density (g cm™)

D = Sampling depth (cm)

The bulk density of the soil (g cm®) was determined
with the cylinder method, using four undisturbed
soil samples for each depth in each evaluated stand
(Woerner, 1989):

pZ2—pl
B (4

BD

Where:

BD = Bulk density (g cm™®)

p2= dry weight of the sample with the cylinder (g)
p1=weight of the cylinder (g)

vc= Cylinder volume (cm®)

Finally, the accumulated reservoir of SOC (Mg ha)
in the 0-40 profile of each of the stands was obtained
from the sum of both depths.

2.6.Statistical analysis

Before to realize the statistical analysis, the SOC
variable data were tested with Kolmogorov-Smirnov

and Levene methods to prove if they met with the
normality and homoscedasticity —assumptions,
respectively. The results of the tests indicated that
neither the 0-20 cm nor the 20-40 cm depth data met
both assumptions, deciding to apply the non-
parametric Kruskal-Wallis test to detect differences
between silvicultural treatments at 0.05 significance
level. In contrast, the data of the accumulated SOC
reservoir variable presented a normal distribution
and a homogeneous variance; therefore, one-factor
ANOVA was used to detect differences between
stands at 0.05 significance level. The multiple
comparisons Tukey test (0.05) was applied to test for
mean differences in accumulated SOC reservoir
between treatments. Data was analysed with the
SPSS statistical software version 2.2 (International
Business Machines [IBM], 2013).

3. Results

3.1. Percent of soil organic matter, percent of
carbon content and soil bulk density

The lowest and highest percentages of soil organic
matter occurred in the control stand and in the one
that received the liberation of the regeneration from
the seed trees cut at the two depths studied,
respectively. The percentages of soil organic matter
at 0-20 cm soil depth were similar in the stand that
received the first, second and third thinning, but it
increased abruptly in the stand that was treated with
the fourth thinning. The stand where the
regeneration seed tree method was applied presented
a little more soil organic matter than those that were
treated with the first, second and third thinning, but
lesser than those reported in the fourth thinning and
liberation stands. The stand where the liberation cut
was applied presented almost the twice of soil
organic matter percent than the stand treated with
the first, second and third thinning. Also, it was
observed that the amount of organic matter was
higher at the 0-20 cm soil depth than in the 20-40 cm
soil depth (Table 1). According to the Mexican
Official Norm NOM-021-RECNAT-2000 for soil
analysis (SEMARNAT, 2002) the values of organic
matter determined can be classified as very high.

The percent of soil organic carbon in the 20-40 soil
depth was lesser than that reported for the 0-20 cm
soil depth in all the treated and control stands. The
ratio of the percentages of soil organic content of the
20-40 cm soil depth in relation to the 0-20 cm soil
depth also was different in each one of the stand
evaluated, ranging from 3.03 to 8.97 %. The lowest
change proportion of the percentage of soil organic
matter occurred in the seed tree stand (ratio = 99%)
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and the highest in the control (ratio = 65.1%) and
liberation cut stands (ratio = 65.7%). In relation to
percent carbon content, it ranges from 3.47 to 6.67

in the 0-20 cm soil depth and from 2.28 to 5.2 in the
20-40 cm soil depth (Table 1).

Table 1. Mean values of Soil organic matter (SOM) and C content for stands and depths (n=4).

Stands Soil organic matter (%) C (%) Bulk density (g cm™)
0-20 cm 20-40 cm 0-20 cm 20-40 cm 0-20 cm 20-40 cm
Control 5.98 3.93 3.47 2.28 0.865 0.865
1st thinning 6.45 4.92 3.74 2.85 0.860 1.014
2nd thinning 6.55 5.49 3.8 3.19 0.953 1.093
3rd thinning 6.48 5.64 3.76 3.27 0.855 0.854
4th thinning 11.48 8.97 6.67 5.2 0.689 0.669
Seed trees 7.76 7.69 4.5 4.46 0.697 0.808
Liberation cut 12.06 7.86 6.99 4.56 0.838 0.833

Although bulk density of the soil varied between
stands treatments, this remains quite similar between
both soil depths in almost all the stands. The highest
difference between both depths was observed in the
first thinning (0.154 g cm?®) and seed tree stands
(0.116 g cm®). The bulk density varied from 0.697
t0 0.953 g cm? in the soil depth of 0-20 cm and from
0.669 to 1.093 g cm in the soil depth of 20-40 cm.
According to Woerner (1989), the bulk density of
the soil (<1.20 g cm™) is classified as very low at
both depths.

3.2. SOC reservoir (Mg ha?)

The non-parametric ANOVA of Kruskal Wallis
indicated that there are differences in SOC between
the stand treatments at both studied depths (p<0.05)
(Table 2).

Table 2. Kruskal Wallis Test Statistics by Depth.

The SOC ranged from 60.0 to 115.6 Mg ha™* for the
0-20 cm soil depth, and from 39.5 to 76.5 Mg ha in
the 20-40 cm range. In particular, the control stand
presented the lowest SOC values, in contrast to the
liberation stand that showed the highest SOC values
at both depths. Considering that the control stand
does not provide as much organic materials to the
soil as it does the treated stands, it can be inferred
that the implementation of the different silvicultural
practices leads to an increase in soil carbon stocks in
the two depth ranges (Table 3). The ratio of soil
organic carbon stored at the upper soil depth in
relation to the stored in the lowest soil depth was
different between treatment stand. The lowest SOC
reservoir was estimated in the control stand;
meanwhile, the highest SOC reservoir occurred in
the liberation stand.

Depth Statistics Soil Organic Carbon
0-20 cm Chi squared 13.448

Degree of freedom 6

p value 0.036
20-40 cm Chi squared 13.947

degree of freedom 6

p value 0.030

Table 3. SOC reservoir by soil depth.

Stands SOC reservoir (Mg ha)
0-20 cm 20-40 cm

Control 60.0 39.5
1st thinning 63.3 57.6
2nd thinning 71.4 69.0
3rd thinning 62.8 55.6
4th thinning 91.4 69.3
Seed trees 65.6 64.4
Liberation cut 115.6 76.5
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According to the analysis of variance, the SOC
accumulated in the entire profile (0-40 cm) was
highly different between stands (p<0.0001). The
multiple mean comparison test of Tukey indicated
that the SOC content of the control stand, although
has the lowest SOC, was only statistically different

C

SOC (Mg ha™)

to the liberation and 4 thinning stands. In this case,
the 1, 2 and 3 thinning and seed tree stands had
similar SOC. The liberation cut stand, with the
highest SOC, was the only reservoir different to all
the treatments (Fig. 2).

Control stand Seed trees Liberation cut

Ist thinning

2nd thinning 3rd thinning 4th thinning

Fig. 2. Successional sequence through the Silvicultural Development Method. Different letters indicate

significant differences (P < 0.05).

4. Discussion

Considering that the averages of SOC stored in the
Mexican and Durango state soils are 56 and 48 Mg
ha™!, respectively (Segura et al., 2005; Vela et al.,
2012), it can be inferred that the Cambisol soil
evaluated has a high carbon storage capacity. In this
study, the average SOC content at 0-40 cm soil
depth was 137.48 Mg ha™'. Due to that the Cambisol
soil is wvery predominant in the Sierra Madre
Occidental, it takes great importance as a SOC
reservoir in that area.

Likewise, the results of the present study are similar
to the values reported by Morales et al. (2020), Luna
et al., (2022) and Vargas et al. (2023), who
determined average SOC reservoirs of 187.06,
144.89 and 170.67 Mg ha in forests surrounding
the study area, respectively. It should be noted that
information on SOC storage in temperate forests is
mainly dominated by the assessment of storage in
biomass (Galicia et al., 2016). In this sense,
Pimienta de la Torre et al. (2007), reported that the
average of carbon sequestered by the aerial biomass
of the forests of the region of El Salto, Durango is
equal to 51.12 Mg ha™!, one third of the amount of
SOC reported in this study. The highest SOC stored
in the Cambisol emphasizes the importance of this
type of soil in the face of climate change.

According to Saynes et al. (2012) and Leyva et al.
(2021), the quantity of SOC stored in the soil is
influenced by the continuous accumulation of

organic material in the soil. The periodic application
of the forest management treatments through the
MDS has the properties of providing organic
materials in the form of cones, leaves, branches, bole
parts and roots. Also, the application of the
silvicultural treatments entails modifications on the
stand density, causing changes in the microclimatic
conditions and the activities of the microorganisms
of the soil, modifying the mineralization rate of the
SOC (Noormets et al., 2012).

Also, according to Albaneci et al. (2003), the
amount of organic carbon in the soil depends, in
addition to the topographic position and site quality,
on anthropogenic activities such as forest harvesting,
forest fires and clearing. Selig et al. (2008),
Noormets et al. (2012) and Luna et al. (2022) point
out that the increase in SOC after logging may be an
effect of the accumulation of forest harvesting
residues, such as roots that are incorporated as
organic matter in the soil, thus contributing to an
increase in SOC storage.

Although the stand where the seed tree treatment
was applied had an increase of 37% compared to the
control stand (99 Mg ha?), its SOC reservoir was
lower than the release cut, which may be related to
the intensity of cut applied to seed trees (80%)
which usually causes damage to the residual trees.
Litter and soil layer derived from felling, dragging
and stacking activities (Njera et al., 2012; Tavankar
etal., 2015).
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In agreement with Woerner's (1989), whom
considered that a bulk density of 1.2 g cm™ is low,
the bulk density reported in the present study might
be classified as very low. The low bulk density
reported in the present study is attributed to the
incorporation and decomposition of the organic
matter on the soil after the application of the
treatments. The soil organic matter softness the soil
and reduce soil compactness. According to
Ruehlmann and Kérchens (2009), the soil organic
matter and the SOC concentration is a dominant
factor in the change of soil bulk density.

5. Conclusion

In spite of the MDS favors the reservoirs of SOC in
the Cambisol soil, it was different between
treatments as a response of the changes of the
organic matter deposited in the soil that comes from
the cutted trees.

The storage of SOC at the depth of 0-20 cm
presented the following decreasing order in the
stands: Liberation cut > 2nd thinning > 4th thinning
>Seed trees> 3rd thinning >1st thinning > control
stand. While, at the depth of 20-40 cm the SOC
showed the following trend: Liberation cut > 4th
thinning > 2nd thinning >Seed trees> 1st thinning
> 3rd thinning > control stand.

Considering the analyzed profile of 0-40 cm, the
maximum SOC was registered at the end of the
release cutting. The Cambisol soil has on average a
carbon sequestration capacity of 137.48 Mg ha™'.

List of abbreviations:

C (%): Carbon content
SOC: Soil Organic Carbon
MDS: Silvicultural
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.

Funding: Not applicable.

Authors' contributions: EOLR responsible for
research idea, designing the experiment, and writing
the manuscript. ICS Support in experiment design
and overall coordination: ICS. FJH Support in data
analysis: FJH. SBJP and TGDG general revisions

Development ~ Method

Egypt. J. Soil Sci. 64, No. 3 (2024)

and corrections. All authors read and agree for
submission of manuscript to the journal.
Acknowledgments:

This research was supported by CONAHCYT
through the Postdoctoral Stay scholarship.

References

Albaneci A, Anriquez A, Polo SA (2003). Efectos de la
agricultura convencional sobre algunas formas del C
en una toposecuencia de la region Chaquefia,
Argentina. Agriscientia 20(1):9-17. doi:
10.31047/1668.298x.v20.n0.2825

Aryal S, Bhattarai DR, Devkota RP (2013). Comparison
of carbon stocks between mixed and pine-dominated
forest stands within the gwalinidaha community forest
in Lalitpur District, Nepal. Small-scale For.
12(4):659-666. doi: 10.1007/s11842-013-9236-4

Cantu SI, Yéafiez MI (2018). Efecto del cambio de uso de
suelo en el contenido del carbono organico y nitrégeno
del suelo. Rev. Mex. de Cien. For. 9(45):122-151. doi:
10.29298/rmcf.v9i45.138.

Elbasiouny, H., & Elbehiry, F. (2019). Soil carbon and
nitrogen stocks and fractions for improving soil
quality and mitigating climate change. Egyptian
Journal of Soil Science, 59(2), 131-144. doi:
10.21608/EJSS.2019.9984.1251

ElGhamry, A., Mosa, A. A., Elramady, H., Ghazi, D. A,,
Elsherpiny, M. A., & Helmy, A. A. (2024). Climate
Change and the Possibility of Tea Production in the
Egyptian Soils. Egyptian Journal of Soil Science,
64(2), 373-383. doi:
10.21608/EJSS.2023.252241.1693

Galicia, L., Gamboa CAM, Cram S, Chavez VB, Pefia R,
Saynes V, Siebe C (2016). Stocks and Dynamics of
Soil Organic Carbon in Temperate Forests of Mexico.
Terra Latinoam. 34(1):1-29.

Gonzélez ML, Etchevers BJD, Hidalgo MC (2008).
Carbon in hillsides soil: Factors that must be
considered to determine its change over time.
Agrociencia, 42(7):741-751.

Gonzalez EMS, Gonzalez EM, Tena FJA, Ruacho GL,
Lopez EIL (2012). Vegetation of the sierra madre
occidental, Mexico: A synthesis. Acta Bot. Mex.
100(100):351-403. doi: 10.21829/abm100.2012.40

Huang Z, Clinton W, Davis R (2011). Post-harvest residue
management effects on recalcitrant carbon pools and
plant biomarkers within the soil heavy fraction in
Pinus radiata plantations. Soil Biol. Biochem. 43(2):
404-412.

Instituto Nacional de Estadistica, Geografia e Informatica
(INEGI). (2010). Compendio de informacion
geogréafica municipal 2010. Pueblo Nuevo, Durango.
10023.

Jandl R, Ledermann T, Kindermann G, Weiss P (2021).
Soil Organic Carbon Stocks in Mixed-Deciduous and
Coniferous Forests in Austria. Front. For. Glob.
Change. 4:1-14. doi: 10.3389/ffgc.2021.688851

Kurniawan S, Corre, D, Matson L, Schulte B, Utami R,



SEQUENCE OF SOIL ORGANIC CARBON THROUGH THE SILVICULTURAL DEVELOPMENT METHOD (MDS) ... 737

van Straaten O, Veldkamp E (2018). Conversion of
tropical forests to smallholder rubber and oil palm
plantations impacts nutrient leaching losses and
nutrient retention efficiency in highly weathered soils.
Biogeosciences, 15(16):5131-5154. doi: 10.5194/bg-
15-5131-2018

Leyva PT, Leon GFD, Etchevers BJD, Cortés PM,
Santiago G, Ponce M, Fuentes P (2021).
Almacenamiento de carbono en bosques con manejo
forestal comunitario. Madera y bosques, 27(4):
€2742421. doi:10.21829/myb.2021.2742421

Liu Y, Li S, Sun X, Yu X (2016). Variations of forest soil
organic carbon and its influencing factors in east
China. Ann. For. Sci. 73(2):501-511. doi:
10.1007/s13595-016-0543-8

Lopez JA, Aguirre COA, Alanis RE, Monarrez JC,
Gonzélez M, Jiménez JJ (2017). Composicion y
diversidad de especies forestales en bosques
templados de Puebla, México. Madera y Bosques,
23(1):39-51. doi: 10.21829/mybh.2017.2311518

Luna RE, Cantu SI, Bejar PS (2022). Soil organic carbon
changes in an umbrisol under different silvicultural
treatments in a temperate forest in northwestern
Mexico. J. Sustain. For. 42 (4):368-383. doi:
10.1080/10549811.2022.2043904.

Luna RE, Canty SI, Gonzalez RH, Marmolejo MJ, Diaz
YM, Hernandez FJ, Bejar PS (2021). Effects of forest
management on the physical and hydrological
properties of an Umbrisol in the Sierra Madre
Occidental. Rev. Chapingo Ser. Cienc. For. Ambiente.
27(1):19-32. doi: 10.5154/r.rchscfa.2019.11.085.

Ma, J., F. Kang, X. Cheng and H. Han. (2018). Moderate
thinning increases soil organic carbon in Larix
principis-rupprechtii (Pinaceae) plantations.
Geoderma, 329:118-128. doi:
10.1016/j.geoderma.2018.05.021

Morales MA, Najera LJA, Escobedo BMA, Cruz CF,
Hernandez FJ, Vargas LB (2020). Carbono retenido en
biomasa y suelo en bosques de El Salto, Durango,
México. Inv. y Cien. de la UAA, 80(80):5-13. doi:
10.33064/iycuaa2020802997

Néjera LJA, Aguirre COA., Trevifio GEJ, Jiménez PJ,
Jurado YE, Corral RJJ, Vargas LB (2012). Impactos
de las operaciones forestales de derribo y arrastre en
El Salto, Durango. Rev. Mex. de Cien. For. 3(10):51-
64.

Noormets A, McNulty G, Domec C, Gavazzi, Sun G, King
JS (2012). The role of harvest residue in rotation cycle
carbon balance in loblolly pine plantations.
Respiration partitioning approach. Glob. Change Biol.
18(10):3186-3201. doi: 10.1111/j.1365-
2486.2012.02776.x

Pan Y, Birdsey A, Fang R, Houghton P, Kauppi , Kurz A,
... Hayes D (2011). A large and persistent carbon sink
in the world’s forests. Science, 333(6045):988-993.
doi:10.1126/ciencia.1201609

Pérez LR, Gonzélez EM, Ramirez MN, Toledo T (2020).
Efectos del “Método de Desarrollo Silvicola” sobre la
diversidad arbdrea en bosques himedos de montafia
del norte de Chiapas, México. Rev. Mex. de Biod.

91:€913326. doi:
10.22201/ib.20078706€.2020.91.3326

Pérez F, Vargas LB, Aguirre COA, Corral RJJ, Rojo A
(2013). Analytic hierarchy process to select forest
management methods in Durango. Rev. Mex. de Cien.
For. 4(15):55-72.

Picchio R, Magagnotti N, Sirna A, Spinelli R (2012).
Improved winching technique to reduce logging
damage. Ecol. Eng. 47 (1):83-86. doi:
10.1016/j.ecoleng.2012.06.037

Pimienta de la Torre DDJ, Dominguez CG, Aguirre COA,
Hernandez FJ, Jiménez PJ (2007). Estimacion de
biomasa y contenido de carbono de Pinus cooperi.
Madera 'y  bosques. 13  (1):35-46.  doi:
10.21829/myb.2007.1311234

Ruelhmann, J, Kérchens, M (2009). Calculating the effect
of soil organic matter concentration on bulk density.
SSSAJ 73(3):876-885. doi: 10.2136/ss52j2007.0149

Saynes VJ, Etchevers D, Galicia L, Hidalgo C, Campo J
(2012). Soil carbon dynamics in high-elevation
temperate forests of Oaxaca (México): thinning and
rainfall ~ effects. Bosque,  33(1):3-11.  doi:
10.4067/S0717-92002012000100001

Segura CMA, Séanchez GP, Ortiz SCA, Del Carmen GM
(2005). Carbono organico de los suelos de México.
Terra Latinoam. 23(1):21-28.

Selig MF, Seiler RJ, Tyree MC (2008). Soil carbon and
CO2 efflux as influenced by the thinning of loblolly
pine (Pinus taeda L.) plantations on the piedmont of
virginia. For. Sci. 54  (1):58-66. doi:
10.1093/forestscience/54.1.58

Shivangi, S., Singh, O., Shahi, U. P., Singh, P. K., Singh,
A., Rajput, V. D, ... & Ghazaryan, K. (2024). Carbon
Sequestration through Organic Amendments, Clay
Mineralogy and Agronomic Practices: A Review.
Egyptian Journal of Soil Science, 64(2), 581-598. doi:
10.21608/EJSS.2024.260719.1707

Tavankar F, Bonyad E, Majnounian B (2015). Affective
factors on residual tree damage during selection
cutting and cable-skidder logging in the Caspian
forests, Northern Iran. Ecol. Eng. 83:505-512. doi:
10.1016/j.ecoleng.2015.07.018

Torres JM, Moreno SR, Mendoza BMA (2018). Manejo
forestal sostenible en México. Curr. For. Rep. 2:93—
105. doi: 10.1007/s40725-016-0033-0

Vargas LB (2006). Analyse und Prognose des
Einzelbaumwachstums in Strukturreichen
Mischbestdnden in Durango, Mexiko. PhD Thesis.
University of Gottingen, Goéttingen, Deutschland. 173
p.

Vargas LB, Amezcua RM, Loépez MJO, Cueto WIA,
Cobos FC, Najera JAL, Aguirre CCG. (2023).
Estimacion de los almacenes de carbono organico en
el suelo en tres tipos de bosque templado en Durango,
Meéxico. Bot. Sci. 101(1):90-101. doi
10.17129/botsci.3094

Vela CG, Lopez BJ, Rodriguez GML (2012). Niveles de
carbono orgénico total en el suelo de conservacion del
Distrito Federal. Investig. Geogr. 77:18-30.

Egypt. J. Soil Sci. 64, No. 3 (2024)



738 ERIK ORLANDO LUNA ROBLES, et al.,

Veni VG, Srinivasarao C, Reddy KS, Sharma KL, Rai A
(2020). Soil health and climate change. In Climate
change and soil interactions. Elsevier. Radarweg,
Amsterdam,  Netherlands. pp  751-767.  doi:
10.1016/B978-0-12-818032-7.00026-6

Walker LR, Wardle A, Bardgett D, Clarkson BD (2010).
The use of chronosequences in studies of ecological
succession and soil development. J. Ecol. 98 (4):725-
736. doi: 10.1111/j.1365-2745.2010.01664.x

Wang K, Qi Y, Guo W, Zhang J, Chang Q (2021).
Retrieval and mapping of soil organic carbon using
sentinel-2A spectral images from bare cropland in
autumn. Remote Sens. 13(6):1072. doi:
10.3390/rs13061072

Egypt. J. Soil Sci. 64, No. 3 (2024)

Woerner M. (1989). Métodos quimicos para el analisis de
suelos calizos de zonas éridas y semiéridas. México.
Universidad Auténoma de Nuevo Ledn

Zhang J, Webster J, Young DY, Fiddler GO (2016). Effect
of thinning and soil treatments on Pinus ponderosa
plantations: 15-year results. For. Ecol. Manag. 368
(1):123-132. doi: 10.1016/j.foreco.2016.03.021

Zhang X, Guan D, Li W, Sun D, Jin C, Yuan F, Wu F,
Wang A, Wu F (2018). The effects of forest thinning
on soil carbon stocks and dynamics: A meta-analysis.
For. Ecol. Manag. 429:36-43. doi:
10.1016/j.foreco.2018.06.027



