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Abstract
Objective: To evaluate the effect of different types of land use on organic carbon stocks in a typical dark red ferritic

soil.

Materials and Methods: The research was developed in a permanent observation point, located in the Guaro locality,
Mayari municipality, Holguin province. Soil samples were taken at 0-20, 20-40 and 40-60 cm depth, in three types of
land use: Pinus cubensis Griseb. forest, natural pasture (Paspalum notatum Alain ex Fliigge) and Saccharum spp. to
which total organic carbon was determined. In addition, undisturbed samples were taken to determine the bulk density.

Results: Significant differences in soil organic carbon stocks were found among the three types of land use, at a depth
of 0-20 cm. The natural pasture had the highest stock. It was followed by Saccharum spp and P. cubensis forest. There
was increase in the rate of edaphic carbon accumulation with depth in all types of land use. The highest values were
found in the 0-20 cm depth, which decreased with profile. There were negative figures only in the P. cubensis forest,
at 40-60 cm depth.

Conclusions: The highest carbon stocks were found in soils with P. notatum. This was followed by Saccharum spp.
and P. cubensis. Land use types with less human activity showed the highest rates of carbon accumulation and better

soil quality.
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Introduction

Soil is the most important reservoir of carbon
in the biosphere, containing three times more than
vegetation and the atmosphere (Cerri ef al., 2021).

More than 1,5 billion hectares of natural eco-
systems have been converted to cropland, with only
25 % of the land area in its natural state, which con-
tains more than half of the world’s carbon stocks
and is estimated to be reduced below 10 % by 2050
(Chang et al., 2012; Lorenz and Lal, 2018; FAO,
2022).

Soils in their natural state maintain native
vegetation and physical characteristics suitable for
the normal development of the plants that make
up their ecosystem. When the type of use changes
towards agricultural exploitation, this causes
disruption of the balance, drastic modification of
its properties and unfavorable alteration of plant
growth (Ovalle-Molina, 2020).

Organic carbon accumulates in living biomass
(stems, leaves, roots) and dead biomass (plant
debris, leaf litter, soil organic matter). Any activity
that affects the volume of biomass in vegetation and
soil has the capacity to retain or release carbon from
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the atmosphere or into the atmosphere (Velasquez-
Escobedo, 2019; Jiménez-Torres, 2021).

Due to the change of use from forests to agri-
cultural crops in a wide variety of soils, losses of
organic carbon stocks vary between 25 and 75 % of
the proportions of organic carbon initially present
and most of these losses occur in the first 20 years
of land use change (Lal et al., 2007).

The carbon that remains in the soil is incor-
porated and stabilized in the different soil organic
carbon pools (SOC), such as particulate or labile
organic carbon, which can accumulate infinitely
in the soil; but it mineralizes more rapidly (short
residence time in the soil), thus contributing to
nutrient cycling and sustaining biological activi-
ty, but is modified by agricultural management. In
contrast, the fraction of organic carbon associated
with minerals is subject to saturation, although it
has greater stability and persistence in the soil and
thus it is essential for soil structure and for seques-
tering carbon for a longer time. In order to sustain
healthy soils, both fractions are important, as each
performs specific functions (Hoffland et al., 2020;
Lavallee et al., 2020).
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The objective of this work was to evaluate the
effect of different types of land use (LUT) on the or-
ganic carbon stocks of a typical dark Red Ferritic soil.

Materials and Methods

Location. The work was carried out at the
permanent observation point (POP), during 2010 in
the Pinares de Mayari locality, Mayari municipality,
Holguin province, located at 20°48°33” North
latitude and 75°73°33” West longitude.

Soil characteristics. The soil was classified
as typical dark Red Ferritic, according to Hernan-
dez-Jiménez et al. (2015) and was framed in three
types of land use: pine forest (Pinus cubensis
Griseb.), natural pasture (Paspalum notatum Alain ex
Fliigge) and sugarcane (Saccharum spp.).

Experimental procedure. Since 2010, stratified
random soil sampling with three replicas was
performed every year in June in each of the LUTs,
at the depths of 0-20, 20-40 and 40-60 cm. The
2015 samples had their total organic carbon (TOC)
determined by the Walkley-Black method (ININ
and ONN, 1999). In addition, undisturbed samples
were taken with cylinders of 105,35 cm?® volume, and
placed in filter weighers to determine bulk density
(BD), by the ring method (ININ and ONN, 2003).

For the calculation of the soil organic carbon
stock (SOCS) in undisturbed soils, the following
equation was used (FAO, 2020):

SOCS =SOC x BD x p x 104 m? ha'!,

SOCS - Carbon stock, mg ha™!

SOC - Soil organic carbon as determined by data, %.
BD - Bulk density, mg m™

p - Considered thickness, m

In disturbed soils, it was calculated according to
the methodology proposed by Solomon ef al. (2002)
for comparisons between equivalent soil masses.
Corrections were made for equivalent depth.

SOCS=COSxBD x Zcx 10

The thickness of the cultivated soils (Z) was
corrected (Zc) by assuming that the bulk density
and depth of cultivated soils were originally equal
to those corresponding to natural soils:

Zc = (BD of forest soil / BD of cultivated soil) x Z

The calculation of the edaphic carbon accu-
mulation rate (SOCAR) was determined according to
Amado et al. (2006). It was obtained by the differences
of SOCS between the original situation, the current
situation and the years of LUTs.

SOCAR (mg C ha'year!) = (current SOCS -
original SOCS) / years.

Statistical analysis. Normality was tested
with the Shapiro-Wilk W test and homogeneity of
variance, according to Bartlett. Duncan's multiple
range mean comparison test was used to analyze
the significant differences recorded during the
analysis of variance. Statistical processing of the
information was performed with Statistica v.8 and
Microsoft Excel 2019.

Results and Discussion

Figure 1 shows the SOCS. In the different depths
in each type of land use, significant differences
(p < 0,05) were found in the 0-20 cm depth. In the
other depths, there were no statistical differences
among the LUTs. SOCS contents were higher at
the 0-20 cm depth and the values decreased with
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Figure 1. Organic carbon stocks (mg ha) in the different land use types at different depths.



depth. These high contents are due to the fact that
at this depth the organic remains of the crops are
deposited, there is a higher concentration of plant
roots and it is where all the transformation and
decomposition processes by microorganisms occur
(Allauca Ortega and Ayala Sanchez, 2021; Georgiou
etal., 2022).

Maximum soil organic carbon storage capacity
requires higher incorporation of plant biomass. In
dynamic terms, at least 13 % of the total organic
carbon is labile and will be lost when the soil reduces
vegetation cover and changes in other factors
(environmental, agricultural work, periodicity of
inputs, physical, chemical and biological properties
of the soil), which determine the margins to be
stored by the soil, occur (Bell et al., 2021).

The highest soil organic carbon stocks, at
the 0-20 cm depth, were recorded in the LUT
P. notatum, where significant differences were
found with increases of 15,09 and 11,21 mg ha! with
regards to the LUTs P. cubensis and Saccharum
spp., although there were no statistical differences
between the last two. SOC contents in the LUT
Saccharum spp. were higher (3,88 mg ha') than
in P. cubensis. This performance is ascribed to the
quantity and quality of plant biomass accumulated
on the soil surface, depending on the crop and the
agricultural management of the LUTs.

The distribution of carbon stock accumulation
in depth through the profile decreased up to 60 cm
and reached 52 % in the LUTs P. cubensis and
P. notatum. Meanwhile, in the LUT Saccharum
spp. it was 36 %. This vertical distribution of
carbon has a strong association with vegetation due
to the amount of surface residues that each plant
can generate and the size of its root system, mainly
fine roots (< 2 mm). The presence of live and dead
roots throughout the soil profile indicates constant
cycling and transformation of organic matter.

Landriscini et al. (2020) proved the significant
effect of cover crops on SOC. Its labile fraction was
strongly related to the higher residue production
and its quality in the topsoil.

Lopresti et al. (2020) add that the root system
of grasses is very aggressive and is in constant
renewal of roots, resulting in rhizodeposition.
Rhizodeposits represent 50 % of the total biomass
in perennial forages and 20 % in annual crops,
making grasses a good option for increasing C
sequestration in the tropics. A large part of the
organic carbon in grasses is sequestered mainly
through the roots, which gradually become part of
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the soil biomass (Rivera et al., 2021; Rojas-Solano
etal., 2022).

The biomass contributed by P. cubensis, formed
by needles, is quite resistant to decomposition. They
are made up of 7 % of easily decomposable water-
soluble compounds (soluble sugars and nitrogen
compounds) plus lignin, which combines low and
slow decomposition rates and releases organic acids
that reduce biological activity, such as fungal and
bacterial colonization (Cano-Flores et al., 2020).

Saccharum spp. is a crop that contributes a large
amount of biomass according to the achieved yield.
Rubio-Gonzalez et al. (2019) report a contribution
of 10-14 t ha'! of biomass. Despite this, the values
decrease, due to the agricultural activity developed
in the LUT. This shows that continuously cultivated
soils decrease SOCS in a few years, compared with
those where agricultural activity is less or null.

After five years of study, the contribution of
plant residues favored soil organic carbon stocks in
the LUTs (figure 2). In all the LUTs there was an
increase in SOCAR with depth. The highest values
were found in the 0-20 cm depth, which decreased
with profile. There were only negative values in P.
cubensis, at the depth of 40-60 cm, because most of
the roots are thick at that depth (> 2 mm).

Fine roots play a determining role in SOC, by
annually transferring large amounts of carbon to
the soil through the release of exudates and root
necromass. Given their high turnover rate (Chang
et al., 2012), they stimulate soil biological activi-
ty and the building of microbial carbon biomass
(de-Oliveira-Pessoa-Paes et al., 2018); while the
contribution to SOC from coarse roots, because of
their slow decomposition rate, occurs over the long
term (Robinson, 2007).

In P. notatum and P. cubensis, the highest ac-
cumulation rates were recorded, at the depth of 0-20
cm, with 4,94 and 4,19 mg ha! yr', which increased
soil carbon stocks by 51,96 and 44,63 %, respec-
tively; while Saccharum spp. increased them by
30,67 %, due to having lower accumulation rates.
From the point of view of carbon sequestration, the
LUTs with less anthropic activity were the most fa-
vored, which improves soil quality.

When SOC reserves increase, it means that the
physical, chemical and biological properties of soils
improve and, in parallel, CO, emissions to the at-
mosphere decrease (Barrezueta-Unda, 2021). This
characteristic is particularly true for soils with low
anthropogenic LUT (forests and natural pastures).
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Figure 2. Rate of edaphic carbon accumulation (SOCAR) in different types of land use by depth.

In Brazil, Cerri et al. (1996) reported that two
years after converting forest areas in the Amazon
to pasture, losses in organic carbon stocks of 23,30 %
were found at a depth of 20 cm, which was recovered
after eight years by biomass inputs (96 t C ha™).
When the change of the forest was to the use of
Saccharum spp., OC was reduced by 47,2 % over a
period of 50 years.

Conclusions

The highest carbon stocks were found in
soils used with P. notatum. This was followed by
Saccharum spp. and P. cubensis. Land use types
with less human activity showed the highest rates
of carbon accumulation and better soil quality.
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