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Abstract

Adequate sustainable forest management, whether in a plantation or a natural forest, creates carbon
sinks that are usually constant over time, however, it is unknown how it affects the activities of
vegetation management in carbon sinks in the forest ecosystems. The objective was to estimate the
carbon concentration in herbaceous and shrubs, leaf litter and two soil depths (0 to 15 cm and 15
to 30 cm), in a forest plantation with the presence of four tropical species under two management
conditions. Carbon measurements were made in grasses and shrubs, leaf litter and two soil depths
under two managed and unmanaged conditions in 30 plots with the presence of purple rose
(Tabebuia rosea), teak (Tectona grandis), melina (Gmelina arborea) and parota (Enterolobium
cyclocarpum). After the collection, the dry weight of each sample was weighed and determined, to
determine the carbon content of each of the components. An Anova and Duncan’s test were then
performed to determine if there are significant differences. The plot with parota and with
management was the one that registered the highest amount of total carbon with 73.94 Mg ha™,
while the plot with teak with management reported the lowest total carbon content, with 45.63 Mg
hal. As for the carbon content in the soil, it decreases by approximately 35%, as its depth increases,
with significant differences.
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Introduction

Currently, the consequences of climate change due mainly to the increase in the atmosphere of
greenhouse gases (GHG) have serious negative effects and although future scenarios are still
uncertain, a massive extinction of species is expected, water shortages and low production in
agricultural crops, so it is essential to develop measures to reduce GHG emissions. One of the
alternatives evaluated is to increase the capture of C in the biomass and in the soils by preserving
the existing forest habitats and to increase the forest plantations as an option of carbon stores.
Another alternative is to carry out adequate agricultural practices to further limit GHG emissions,
and it must also be implemented on land suitable for its realization. Therefore, in the future different
strategies and appropriate policies must be developed for managing forest resources and
agricultural activities (IPCC, 2007).

In general, forest ecosystems are good sequestrators of atmospheric CO. and therefore are
important stores of carbon, both in their early and late stages (mature forests) and in particular,
rapidly developing species since they increase rapidly. the capture of carbon that later becomes
carbon deposits. By carrying out adequate sustainable forest management, whether in a plantation
or a natural forest, carbon sinks are created that are usually constant over time, since the volumes
of wood are renewed in successive rotations and are reincorporated by carrying out reforestation.
on the forest surface.

Wood from a dead tree is broken down by bacterial activity, fungi and invertebrates, which recycle
carbon as biomass, dead organic matter and once again return to the atmosphere in the form of
gases (CO2 and CHj4) or liquids, which Much of it is incorporated into the soil during decomposition
processes (FAO, 2000). Also, other physical or biological phenomena can alter carbon sinks such
as the dragging and deposition of soil sediments by water or wind erosion, the aggregation of CO-
by rain precipitation, the transfer of living beings and the transport of organic substances, can
modify carbon balance.

In Mexico, sustainable forest management of forest areas, whether natural forests, reforestation
zones, protected natural areas, or commercial plantations are one of the best options for carbon
sequestration, offering an alternative to increase timber and non-timber production.
simultaneously. In addition, these activities contribute to the establishment of germplasm
banks, soil conservation and maintaining the biodiversity of forest ecosystems (Masera et al.,
2000).

In this regard, there are several studies proposed to evaluate the carbon pools in the soil, among
which are the works carried out in the dry tropical forest (Gomez, 2008), in southeastern
Mexico (De Jong, 1995; De Jong et al., 1999; Soto et al., 2010), in the Sierra Norte de Oaxaca
(Acosta et al., 2002) and in the central west (Ordofiez et al., 2001). However, it is unknown
how it affects the activities of vegetation management in carbon sinks in forest ecosystems
(Figueroa et al., 2005).
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Therefore, the objective was to estimate the carbon concentration in herbaceous plants and shrubs,
leaf litter and two soil depths (0 to 15 cm and 15 to 30 cm), in a forest plantation with the presence
of four tropical species in two conditions of management, established at the Costa de Jalisco
Experimental Site of the National Institute of Agricultural Forestry and Livestock Research
(INIFAP) in the state of Jalisco.

Materials and methods
Study area

The study area is located within the Costa de Jalisco Experimental Site, belonging to INIFAP,
located between the municipalities of La Huerta and Casimiro Castillo in the State of Jalisco,
between coordinates 19° 31° 15” north latitude and 104° 32’ 00” west longitude, at an average
altitude of 298 masl. The climate is AW2 (w) warm sub-humid type with rains in summer and an
average annual precipitation of 1 100 mm., according to the Képpen classification modified by
Garcia (2004).

Data collection

The field information was collected in 30 plots from a plantation with four forest species: Tabebuia
rosea (Bertol.) DC. (purple rose), Tectona grandis L.f. (teak), Gmelina arborea Roxb. ex Sm.
(melina) and Enterolobium cyclocarpum (Jacq.) Griseb. (parota), made in real frame with a
distance of 4 x 4 m of separation between trees, which was established in 1994.

The sampling was carried out completely at random in two management scenarios. On the one
hand, the plots with management (removal of herbaceous plants and shrubs), where three
conditions were evaluated with the presence of the following species: purple rose, teak, melina,
establishing six sampling sites for each plot. On the other hand, the plots without management
where there is the presence of herbaceous plants and shrubs, from which biomass data were
obtained from both components (herbaceous and shrubs) as one, in this plot 6 sampling sites were
also established for each plot with presence of purple rose and parota.

For the evaluation of the carbon content, a modification of the methodology proposed by
Marquez (1997) was used to estimate carbon and evaluate the variables of main interest, in this
case two components: aerial (bush, herbaceous, leaf litter) and underground (soil at two
depths).

Carbon quantification in shrubs and herbaceous plants

To determine the carbon content, six random sampling points were established for each plot, using
1 x 1 m (1 m?) square sites as the sampling unit. All the plant material belonging to the bushes and
herbs within the quadrant was obtained by cutting all the existing biomass at ground level. Of the
plants that were partially outside the sampling site, only the branches or stems that entered the
quadrant were considered (Acosta et al., 2009).
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Leaf litter carbon quantification

Sampling sites established for grasses and shrubs were also used to measure litter amount; however,
in this case the quadrants were 0.25 m? (50 x 50 cm squares). Biomass belonging only to leaf litter
or mulch was collected in that area. Once all the grass and shrub material had been collected, and
litter was placed in a separate blanket bag to be sent to the INIFAP soil laboratory at the Tecoman
Experimental Field, Colima. Where they were dried in an oven at 75 °C for 48 h to obtain the dry
weight. To convert the biomass data to carbon, the total biomass per hectare obtained by the
constant of 0.5 was multiplied, since, in most species, half of the biomass is carbon in any of its
parts (Masera et al., 2000).

Soil carbon quantification

The soil samples were obtained at the same sampling point where the previous components were
sampled. To do this, it was performed with an 8 cm diameter auger (AMS - Soil Sampling
Equipment) and two soil samples were obtained for each depth level (0-15 and 15-30 cm). In this
way, twelve soil samples were obtained for each plot at the previously established sampling sites.
Knowing the diameter of the cylinder used and its length, the volume of soil sampled was
determined, then when analyzing the soil and determining the percentage of carbon, inferences
were made of the amount of carbon per unit area and according to the density of soil samples.

All soil samples were placed individually in plastic bags with their respective label and transferred
to the laboratory, where they were dried in a drying oven at a temperature of 60 °C for 48 h, the
roots, stones and other materials such as plant waste and wildlife waste.

Subsequently, the soil samples, already free of roots and other materials, were sieved with a
wooden hammer until they passed through a 2 mm mesh, after completely homogenizing them, a
subsample of approximately 5 g was extracted, dried at 105 °C and it was ground for three minutes
in a Speck 8000 Mixer/Mill® type mill. Carbon analysis was determined using the direct
combustion method at 1 000 °C, with an automatic total carbon analyzer, equipped with a unit to
process solid samples.

The analysis to determine the carbon in the soil samples was performed in the INIFAP soil
laboratory in the Tecoman Experimental Field, Colima. To determine the carbon content in
quantity, it was necessary to know the apparent density of the soil, for this, its calculation was
made, by obtaining the total volume of the soil and then the adjustment, subtracting the volume
occupied by roots, stones or any other residue.

Analysis of the information

Tests were carried out to verify that the residual assumptions were fulfilled, normality with the
Shapiro-Wilk test and homogeneity of variances using the Levene test, both with a degree of
significance (p< 0.05), with the help of the software R® ver 3.6. Since the assumptions were
fulfilled, an analysis of variance (Anova) of a factor (plots) was carried out for the carbon values
in bushes, leaf litter, soil from 0 to 15 and 15 to 30 cm depth, the Duncan test was used to determine
if there were significant differences (p< 0.05) of the variables analyzed by plot (Zar, 2010).
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Results

The descriptive statistics of the sampling carried out indicate that the plot with the highest
carbon content in the shrubs and herbaceous component is parota with 1.63 +0.63 Mg ha™,
while the plots with the least quantity (null) were those with management, since this component
was completely removed. In the litter component, the plot s with the highest amount of carbon
were parota with 6.36 +5.04 Mg ha?, but they had great variability, and the plot with the least
amount of carbon were those with purple rose | with management (2.9 +0.81 Mg ha). The
highest carbon content in soil was found at the depth of 0 to 15 cm, in the parota plot with a
37.68 +5.42 Mg ha® and decreased to 14.54 +4.13 Mg ha! in the teak plot at a depth 15 to 30
cm (Table 1).

Table 1. Basic statistics of carbon content per plot (Mg ha).

Plot Average Standard deviation Minimum Maximum

Shrubs and Melina 0 0 0 0
herbaceous Teak 0 0 0 0
Purple Rose | 0 0 0 0

Parota 1.63 0.63 0.79 2.44
Purple Rose 11 1.42 0.63 0.78 2.2

Total 0.61 0.85 0 2.44

Leaf litter Melina 5.78 4.8 3.27 15.48

Teak 3.06 0.48 2.63 3.98

Purple Rose | 2.89 0.81 2.01 4.22

Parota 6.36 5.04 2.67 15.88

Purple Rose 11 3.45 0.85 2.46 4.59

Total 4.31 3.29 2.01 15.88

Soil 0-15 Melina 30.17 7.51 19.41 41.34

Teak 28.03 6.11 21.21 38.59

Purple Rose |  26.94 11.2 8.59 41.58

Parota 37.68 5.42 29.02 42.93

Purple Rose Il 35.38 5.07 30.19 43.46

Total 31.64 8.09 8.59 43.46

Soil 15-30 Melina 15.78 3.62 10.26 20.06

Teak 14.54 4.13 10.05 20.54

Purple Rose I  21.05 7.41 15.18 35.05

Parota 28.27 5.95 18.51 35.57

Purple Rose Il 28.75 6.56 22.19 36.64

Total 21.68 8.08 10.05 36.64
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Plot Average Standard deviation Minimum Maximum
Total Melina 51.73 12.09 39.35 71.56
Teak 45.63 9.49 33.9 60.17
Purple Rose | 50.9 15.56 34.26 78.64
Parota 73.95 11.3 55.89 90.78
Purple Rose Il 69.02 10.48 57.52 84.17
Total 58.24 15.85 33.9 90.78

Carbon in shrubs and grasses

The concentration of carbon by the components of leaf litter, herbs and shrubs was higher in the
plots without management because this component was not removed due to management effects,
there being an approximate difference of 1.5 Mg ha in the carbon content of herbs and shrubs,
while the litter concentration was approximately 0.95 Mg ha™*. With respect to the plots without
management, where the plot with parota and purple rose Il were analyzed, the carbon content
provided by the herbaceous and shrub vegetation was higher in the parota, by 0.25 Mg ha;
however, no significant differences were found (Figure 1a).
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Figure 1. Means and standard error of carbon quantity (Mg ha?) a) shrubs and grasses; and b) leaf
litter in the plantation of different species with and without management. Average values +
standard error followed by letter differences (a, b) indicate significant difference for p< 0.05.

Leaf litter carbon

In the case of litter, the plots with unmanaged parota were those with the highest carbon
concentration (6.36 Mg hat), while the species with the lowest carbon concentration were the plots
with purple rose I with management (2.9 Mg hal), without there being a significant difference in
this component, mainly due to its high variability in carbon content in the different plots sampled
(Figure 1b). In terms of biomass litter estimation, the reported values are in the range that other
authors report for tropical areas, which vary from 3.2 to 5.2 Mg ha™* of mulch biomass reported by
(Klinge, 1968; Aguilar, 2004; De Miguel, 2004; Bergamini et al., 2009).
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Carbon in soil

The highest carbon content in soil was found at a depth of 0 to 15 cm, in the parota plot with a
37.68 Mg ha! and the lowest concentration was registered in the plots of purple rose | with 26.94
Mg hal, finding significant differences between the plot with parota and purple rose I, while the
remaining plot s, no significant differences were found (Figure 2a).

At the depth of 15 to 30 cm, the carbon content with the highest concentration was the plots of
purple rose 11 with a 28.75 Mg hal, very similar to the plots with purple rose II; while the lowest
were teak plots with a 14.54 Mg ha. In this component, significant differences are found between
managed and unmanaged plots, while there are no differences between them (Figure 2b).

The difference between these two depths reflects that in plots with management the carbon content
decreases by approximately 50%, while in plots without management it only decreases by
approximately 30%, as can be seen in Figure 2. This may be due to because the movement of the
humus in the soil profile is downward and its concentration decreases as the depth of the soil
increases (Braakhekke et al., 2013; Paz and Etchevers, 2016), but it can also be attributed to the
fact that in the soil layers superficial, the greater number of roots develops and the microbial
activity is greater.
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Figure 2. Means and standard error of carbon quantity in soil (Mg ha) of two depths a) 0 to 15 cm;
and b) 15 to 30 cm in plantation of different species with and without management. Average
values + standard error followed by letter differences (a, b) indicate significant difference for p<
0.05.

After the carbon concentration analyzes in the soils of the different plots have been carried out, it
can be affirmed that at a greater depth the carbon content decreases approximately 35%. This was
determined after performing Duncan’s multiple comparisons test, which showed that there are
significant differences with a p< 0.05 between the carbon content at the depth of 0 to 15 cm,
compared to the amount of carbon measured at the depth. 15 to 30 cm (Table 2).
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Table 2. Result of Duncan’s multiple comparisons test between the soil carbon content (Mg ha?)
of two soil depths in plantation of different species with and without management at the
Costa de Jalisco Experimental Site.

Plantation Depth (cm) - Sol -
Carbon content (average in Mg ha')  Duncan grouping
No handling 0-15 36.53 £5.15 a
15-30 28.52 £5.98 b
With handling 0-15 28.39 £8.15 a
15-30 17.12 +5.79 b

In addition, when performing an analysis of variance to determine if there are significant
differences between the plots with management and without management, it was found that the
plot with the highest carbon content was at depth from 0 to 15 without management with a 36.53
+5.15 Mg ha, while the lowest carbon concentration was in the plots with management and a
depth of 15 to 30 cm (17.12 +5.79 Mg ha!) (Table 2). Within the plots without management at
different depths it was found that there are significant differences, as well as between the plots with
management as can be seen in Figure 3.
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Figure 3. Amount of carbon in soil (Mg ha?) at two depths a) 0 to 15 cm and b); 15 to 30 cm in
plantation of different species with and without management. Average values + standard error
followed by letter differences (a, b) indicate significant difference for p< 0.05.

When the sum of the components was carried out (shrubs and herbaceous, litter, and soil), it was
found that the sites with the highest carbon content were the plots without management as can be
seen in Figure 4, mainly due to the null herbaceous vegetation and bushy that is eliminated in the
cultural works and maintenance of the place. Furthermore, the study reflected that the total carbon
concentration, the plots without management had 30% more carbon than the plots with
management, with a significant difference.
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Figure 4. Means and standard error of total carbon quantity (Mg ha) in the plantation of different
species with and without management. Average values + standard error followed by letter
differences (a, b) indicate significant difference for p< 0.05.

Discussion

The result obtained in the present work shows that it is not necessary to carry out management,
or at least that type of management in the plots for carbon capture purposes, which would also
represent a significant decrease in costs by maintaining the plots with plantation. Finally, in
the analysis of the total carbon content, it was found that in all the plots with and without
management it is in the underground part where the highest carbon content is found, the parota
being the species with the highest carbon content with 65.95 Mg ha! and 73.94 Mg ha™* if the
carbon content of the aerial part is added; on the other hand, the teak plots only averaged 45.63
Mg ha! of total carbon.

This could be explained because the carbon in plants is highly related to nitrogen, since it integrates
the amino acid chains necessary to form the complex proteins that will give rise to plant tissues.
To obtain the necessary nitrogen from the soil, some plants, such as the parota, which is a legume,
maintain symbiotic relationships with microorganisms in the soil that allow them to fix this element
in their roots. Due to this type of relationship, plants have a greater efficiency in carrying out their
metabolic processes, therefore, their photosynthetic rate increases, which allows a greater
accumulation of carbon in plant organs.

From the plots studied in this work, purple rose, teak, melina and parota, at the Coast of Jalisco
Experimental Site in La Huerta, Jalisco, it can be seen that the variation in the carbon content of
each one did not have significant differences, except for the soil component. However, it was
observed that in the plots, without management there is a higher concentration of carbon than those
with management; mainly because the herbaceous and shrubby vegetation is maintained in the first
plots, since it is not extracted from the ecosystem due to the effect of management.

In contrast, in the managed plots the understory vegetation was removed, which decreases the
biomass available to fix carbon and therefore decreases the total amount of carbon present at the
sampling site. Regarding underground carbon, the greatest amount was found in the surface layers
of the soil (from 0 to 15 cm) and as the depth increased, the concentration of carbon captured
decreased.
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It was also found that the underground component is the one that contributes the greatest amount
of carbon to the total per plot. These results show a typical behavior of carbon in the soil, according
to the studies carried out by different authors such as Acosta (2003) and Gomez (2008), who
mention that the carbon content in the soil decreases as depth increases.

Conclusions

The plots with the highest carbon content were those without management with the presence of
parota with a 73.95 Mg ha’. For the plantation with management, a decrease in the carbon content
was found in the aerial part, mainly from the grasses and shrubs, due to the flattening of the shrub
vegetation. The highest concentration of organic carbon in the soil is found in the superficial layers
(0 to 15 cm) and as the depth increased, the amount of carbon decreased.
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